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A b s t r a c t. Recent geological investigations in northern Trøndelag, western
Norway, prove the existence of two distinct tectonic units: (l) a basal rock
system (termed the basement complex) which is part of a pre-Cambrian moun
tain chain, and (2 ) an overlying system of folded and metamorphosed early
Paleozoic supracrustal rocks with intrusives.
The first section of the present paper deals with the rocks of the basement
complex. A supracrustal rock system, comprising regionally metamorphosed
geosynclinal sediments and basic volcanics, is described. These rocks have been
intruded by small bodies of basic and ultrabasic composition. In the later oro
genic phase, the supracrustal rock system, after having been intensely folded
and metamorphosed, was invaded by huge quant it ies of granitic magmas.
The second section of the paper deals with the early Paleozoic rock system.
The Paleozoic rocks include more or less metamorphosed Cambro-Ordo,·ician
geosynclinal sediments and effusives, which have been intruded by ultrabasic,
basic, and acid magmatic masses. During the Caledonian orogeny, the geosyn
cline was squeezed together into deep folds, which trend broadly 1\.!\E-SS\V.
In the third section of the paper, the relation of the basement complex to
the Caledonian zone of deformation is discussed. The results of both field and
laboratory work confirm the old conception of this complex as representing the
deformed but otherwise unaltered pre-Cambrian basement upon which the
Cambro-Ordovician supracrustal rocks originally accumulated.

Introduction
The present paper is based primarily on field geological investi
gations carried out by the writer in the summers of

1955-56.

1950-52

and

The principal aim of these field studies was to clear up

the boundary relations of the basement complex to the overlying,
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folded and metamorphosed early Paleozoic rocks. The writer would
like to stress that on account of the cursory character of the investi
gations in many parts of the area concerned, especially within the
basement region, the results achieved are to some extent preliminary
as they may be the object of later revisals. Nevertheless, he is of the
opinion that the geology of the area may, in its broad features, be
substantially correctly interpreted.
Grants have been received from Universitetets forskningsfond,
L. Meltzers Høyskole/ond and from Sulitfelmafondet.
Some of the laboratory work was performed in the years 1947--49,
when the writer held a temporary appointment as assistant at the
Geological Institute of the University of Bergen. For that opportunity
to continue his studies in geology, the writer wishes to express his
sincere thanks. The writer is especially indebted to professor Dr.
NIELS-HENR. KOLDERUP, the director of the Institute.
ELLEN IRGENS has been responsible for the photomicrographs,
and for the drawing of the map, Plate Ill, while the thin sections
were prepared by MARTIN SøGNEN.
WENDY HoLTEDAHL, M. A. has kindly suggested corrections in
the English text.
Previous Investi�ations

Observations from the area were published by TH. KJERULF in
1871, 1876 and 1879. His paper from 1876, containing a map produced
in co-operation with K. HAUAN, gives in particular a fairly good

description of the geology of the area investigated.
]. REKSTAD in 1909 published a map with a description of the Bindal
and Leka districts. A new map with a description of the outer parts
of the Helgeland distriet followed in 1917.
In the period 1920--40, thorough field studies were carried out
by the late S. FosLIE in the eastern and southeastern outskirts of the
map area. Unfortunately, none of the results which might have been
of consequence to the interpretation of the geology of these parts of
the area were ever published.
Detailed field geological investigations have recently been made
by H. CARSTENS ( 1955) in the Snåsa syncline and the adjoining parts
of the basement region.
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Fig. l. General geological map of the northern part of southern Xorway, showing
location of the area investigated. vVhite
=

=

basement complex. Diagonal ruling

Eo-Cambrian sparagmite system. Horizontal ruling

=

system of folded and

metamorphosed Cambro-Silurian supracrustal rocks with intrusives.

General Field Relations

The location of the area investigated is indicated on the map
Fig. l. The area covers practically the whole of the territory repre
sented by the rectangular sheets of Vikna, Leka, Fosnes, Høylandet,
Namsos and Overhalla, and, in addition, a great portion of the rec
tangular sheets of Snåsa and Steinkjer. Scattered observations have
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also been made in the adjoining districts, comprising the rectangular
sheets of Trones, Sanddøla, Jævsjø, Ramsøy and Bjørnør.
Geologically, most of the area belongs to the so-called "Vestrand",
a geographical-geological concept having been introduced by KJ ERULF
( 187 1, 1876, 1879) for the coastal region extending from the vicinity
of Ålesund, in the Sunnmøre district, to the boundary between the
counties of Nordland and northern Trøndelag (Fig 1).
According to the idea advanced in this paper, it is assumed that
the great bulk of the area concerned is also part of the pre-Cambrian
basement of the Caledonian orogenic zone in northern Trøndelag
(Fig. l and Pl. III). Here, the basement complex forms an axial cul
mination in the Caledonides, represented by a "barrier" of land which
has its direct continuation eastwards into the pre-Cambrian of Sweden.
Just north of this relatively narrow "barrier" is situated the Bindal
Grong depression, which constitutes the southern extremity of the
Nordland synclinorium. This geological formation, with its imposing
masses of Caledonian supracrustal and intrusive rocks, can be followed
in a northeasterly direction through most of northern Norway. At
the extreme west, and separated from the Bindal syncline by a north
ward projecting tongue of the basement complex, is the Leka district,
a small area made up of low-grade metamorphic, basic and ultra
basic intrusive rocks and steeply dipping layers of conglomerate,
feldspathic sandstone and phyllite. To the south of the above-menti
oned "barrier" of land lies the Trondheim synclinorium, a system of
more or less folded and metamorphosed Cambro-Silurian rocks which,
extending northwards in a fingerlike fashion, finally dies out in the

WS\V-ENE-oriented

Snåsa syncline.

THE

BASEMENT COMPLEX
PETROGRAPHY

Sedimentary Rocks

Quartzite
A few occurrences only will be mentioned here: (l) The border
zone on the north side of the lenticular, northeast-trending Laugnes
granite massif, in the parish of Nærøy. The quartzite appears in a
system of subparallel, narrow zones together with thin layers of mica
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schist and quartzofeldspathic gneiss. (2) The northeastern slope of the
mountain of Kjøringsvassfjell, west of Kongsmoen (at the head of
Indre Folden fjord) . The quartzite is locally found in alternation with
quartz schist and quartzofeldspathic gneiss. (3) The narrow part of the
basement region cropping out on the south side of the Snåsa syncline,
southeast of the eastern end of Lake Snåsa vatn. The quartzite occurs
in one broad zone (maximum width about l km) and a few thinner
ones. Other supracrustal rocks present, partly found in alternation
with the quartzite, are mica schist, gneiss and metabasalt.
The quartzite is light grey to darker grey in color. The following
minerals have been found: quartz, potash feldspar, acid plagioclase,
muscovite, biotite, garnet, further tourmaline, zircon, apatite, pyrite
and magnetite.
The quartz, as the chief mineral, forms about two thirds of
the rock.
The potash feldspar is the mineral next in importance. It is micro
cline, sometimes also microcline microperthite.
The plagioclase, which is oligoclase (An15_20), is present only
infrequently. Myrmecite is rare.
The muscovite is a normal constituent of the quartzite, but is
commonly present in small quantities.
The biotite, which as a rule occurs in still smaller amounts than
the muscovite, is brown with a tinge of red.
The garnet (almandite) occurs, when occasionally present, in very
small grains.
Common accessory minerals are zircon, apatite and magnetite.
Quartz Schist

Quartz schist may locally be found in alternation with quartzite,
mica schist, micaceous gneiss, or quartzofeldspathic gneiss. The chief
minerals are quartz and muscovite. Other constituents are biotite,
acid plagioclase, potash feldspar and garnet, further zircon and apatite
in accessory amounts.
The quartz shows undulatory extinction.
The plagioclase is oligoclase (An20) . It is twinned, usually according
to the albite law.
The potash feldspar is microcline, rarely microcline microperthite.
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The mineral occurs in highly varying quantities. In some thin sec
tions it forms small, distinct grains alongside those of plagioclase,
while in others it is found only as insets in the plagioclase; it may also
be entirely absent.
As regards the micas, the content of muscovite generally outweighs
that of biotite. The biotite is strongly pleochroic, and brown to red
dish brown, with darker colors around inclusions of zircon.
The gamet (almandite) has been found in crystals of up to

l

cm

across.

Mica Schist
The following localities may be mentioned:

(l)

The belt of meta

morphosed supracrustal rocks in the northem part of the Laugnes
peninsula. The mica schist is found just north of the granite body in
a

few thin, subparallel zones in altemation with quartzite and various

gneisses. The !argest of these zones has a maximum thickness of about

10

m.

(2) The central mountainous district about halfway between

� amsos and the eastem part of Lake Snåsa vatn. A relative!y wide
zone of gamet-bearing mica schist appears on the eastern slope of the
mountain Grønhaugen, but as the mica schist dips gently north
westwards, the thickness of this zone can probably not be great. (3)
The belt of gneiss and metabasalt east of the large granite-granodiorite
massif of the mountain Gjeitfjellet, north of the eastem end of Lake
Snåsa vatn. Two comparatively wide zones of interbedded gneiss and
a little mica schist occur.

(4)

The anticlinal area south of the Snåsa

syncline. In the zones of quartzite, gneiss and metabasalt, may occa

sionally be found thin layers of mica schist.
The mica schist is grey in coloring. Its chief components are quartz,
muscovite and biotite. Less important are plagioclase and gamet,
while potash feldspar is apparently present only very infrequently.
Accessory minerals are tourmaline (rare), zircon, apatite and magnetite.
The quartz often has strong undulatory extinction.
The plagioclase is oligoclase (An20 to An25). Twinning on the albite
and pericline laws is common.
The potash feldspar is microcline. When rarely present, it forms
irregular grains between the other constituents, or it may be found as
optically oriented insets in the plagioclase.
The muscovite usually occurs in large amounts.
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Fig. 2. Cross-bedding in quartzofeldspathic gneiss,
type :\o. l. From a quarry about halfway between the farms Molisveet
and Rannem, 3 km south of Steinkjer.

The biotite is always present, but the content of this mineral
varies considerably. The pleochroism is strong with X pale yellow,

Y

=

Z reddish brown. Inclusions of zircon are surrounded by dark

pleochroic halos.
The garnet (almandite) may become an important constituent of
the rock in same zones (with crystals up to l cm in diameter) , while it
is entirely absent in others.
Common accessory minerals are zircon and apatite.

Gneiss
Gneiss has a wide distribution within the basement region. On an
estimate,

90-95

% of the territory occupied by the supracrustal rock

system is underlain by gneiss. Petrographically, the rocks may be
divided into three groups: quartzofeldspathic gneiss, micaceous gneiss
and lime silicate gneiss.
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Quartzofeldspathic Gneiss
Megascopically, the members of this group are light-to darker-grey,
medium- to fine-grained (not seldom rather compact) gneissic rocks.
Bedding, usually coinciding with the secondary foliation, is visible
in most cases. Cross-bedding is another primary feature commonly
seen in the gneiss which occurs in the district south and east of Stein
kjer (Fig. 2).
This gneiss is characterized by the predominance of quartz and
feldspar (acid plagioclase and potash feldspar), over the micas (biotite
and muscovite) and other rock-forming minerals which may be present.
The last-mentioned constituents may be garnet, cummingtonite, an
epidote mineral and calcite.
The gneiss can be subdivided into three types:
l.

Microcline-plagioclase-biotite-muscovite (-almandite) gneiss.
This type is a grey to light-grey, medium- to fine-grained rock.
Occasionally, a vein structure may appear (Fig. 3). The scattered
veins, consisting chiefly of quartz and feldspar, are more coarse
grained than the remaining part of the rock, and may locally attain
a pegmatitic grain size.
The following minerals have been found: quartz, potash feldspar,
acid plagioclase, biotite, muscovite, garnet, further zircon, apatite
and magnetite.
The quartz, which is the most important constituent next to the
feldspars, has always undulatory extinction.
The potash feldspar is microcline and microcline microperthite.
The mineral forms irregular grains among the other constituents.
The plagioclase is intermediate oligoclase (An20) . Multiple
twinning on the albite and pericline laws is common. Myrmecite
Is rare.
Of the micas, biotite and muscovite both occur in relatively small
amounts. The biotite has the pleochroism: X pale yellow, Y
Z
brown to reddish brown. Inclusions of zircon are surrounded by
intense pleochroic halos.
The garnet (almandite), when present, forms small grains measu
ring up to some few mm in diameter.
Accessory minerals are zircon, apatite and magnetite.
=
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Fig. 3. Vein structure in quartzofeldspathic gneiss, type No. l. Near the shore,
l km NE of Valøy railway station, on the south side of Lake Snåsa vatn.

2.

Biotite-almandite-cummingtonite gneiss.
The gneiss is a grey, rather compact, medium-grained rock. Struc
turally, it may be characterized by a more or less distinct banding,
caused by the concentration of the light and dark minerals into
separate bands.
These minerals have been found: quartz, acid plagioclase, biotite,
garnet, cummingtonite, and, in accessory amounts, zircon, apatite,
pyrite and magnetite.
The quartz and plagioclase are the chief constituents. The plagio
clase, which is intermediate oligoclase (An20), is commonly twinned
on the albite and pericline laws.
The biotite, which is the only mica present, has the pleochroism:
X pale yellow, Y
Z dark brown to opaque. In the biotite are seen
inclusions of zircon with the usual pleochroic halos.
Of the other dark minerals, cummingtonite has not always been
found, while a minor content of garnet (almandite) is characteristic.
=
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The cummingtonite forms small prisms, which are almost colorless in
thin section. The garnet usually occurs as poorly developed crystals
measuring up to 5 mm in diameter. The grains often contain inclu
sions of quartz, plagioclase and biotite.
3.

Biotite-muscovite-clinozoisite-calcite gneiss.
So lar, this gneiss type has not been localized outside the wide
zone of metasediments appearing in the district between the Gilten
and Ytre Bangsjø lakes, just north of the Snåsa syncline. Megascopi
cally it is a grey to light-grey, medium- to fine-grained rock. Rela
tively large, dark biotite porphyroblasts often give the gneiss in planes
parallel to the schistosity a characteristic, spotted appearance.
The following minerals have been observed: quartz, acid plagio
clase, potash feldspar, biotite, muscovite, clinozoisite, calcite, further,
in accessory amounts, zircon, apatite, pyrite and magnetite.
The quartz is always present in abundance.
The plagioclase is intermediate-basic oligoclase (An20-An25) . It
occurs in small, approximately isometric grains, which exhibit twin
ning on the pericline and albite laws.
The potash feldspar is microcline, less frequently microcline mi
croperthite. When present, it forms small, irregular grains, but may
also be found as minute patches in the plagioclase.
The biotite, forming porphyroblasts up to 3 mm in length, has the
pleochroism: X pale yellow, Y= Z brown to dark brown, which is
intensified in the halos around inclusions of zircon and clinozoisite.
The muscovite is usually found in small or insignificant amounts.
The clinozoisite, forming slender prisms of up to l mm in length,
may contain cores of orthite-epidote.
The calcite commonly occurs as small, irregular grains measuring
up to l mm across, but may also be found, locally, as thin stripes and
lenses in the gneiss.
In addition to the above-mentioned constituents, traces of a green,
pleochroic mineral (probably a member of the amphibole group) have
been observed in one thin section.
,

Micaceous Gneiss
l�nder this head are grouped gneissic rocks which are characterized
by a rather high content of mica. In many cases this mineral is biotite,
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while in others muscovite (associated with biotite) may become an
important constituent of the gneiss.
Micaceous gneiss has a wide distribution within the basement
region. In the northwesternmost part of the map area, a broad zone
of this rock can be followed from the Nærøy district, in the south, to
Sør fjord, about 70 km farther northeast. In the district east of Folden
fjord, another zone of this gneiss type is found in the interspace be
tween the two granite massifs represented by the mountains of Skjolden
and Kjøringsvassfjell. Micaceous gneiss, often with intervening layers
of quartz schist and quartzite, infrequently with beds of mica schist,
occurs also in the central and southern parts of the basement region,
e. g. in the inner fjord district just north of Namsos, where there is
a wide, E-W to SE-NW oriented zone, with sharply defined boundaries
to the surrounding massifs of granite and granodiorite. A zone of much
lesser dimensions occurs a little southeast of Namdalseid, while, farther
east, a somewhat larger belt of micaceous gneiss appears in the moun
tainous district between the Skjærsjøen and Gilten lakes. The latter
zone is connected with a similar belt situated west and northwest of
the Bangsjø lakes. Still farther east, in the two areas of gneiss and
metabasalt which lie respectively north and south of the eastern end
of Lake Snåsa vatn, are found several narrower zones of the rock in
question.

As regards the origin and mode of development of the members
of this gneiss group, they probably represent strongly metamorphosed
arenaceous sediments of a complex character, into which have entered
both pelitic and psammitic components.
Petrographically, the micaceous gneiss may be subdivided into
various types, which conform to the following mineral associations:
l. Quartz-plagioclase-biotite-muscovite-almandite (-clinozoisite).
2. Quartz-plagioclase-biotite-muscovite-cyanite-almandite.
3. Quartz-plagioclase-biotite-almandite-sillimanite (-cyanite).
4. Quartz-plagioclase-microcline-biotite-almandite-sillimanite.
5. Quartz-plagioclase-microcline-biotite-cordierite-sillimanite.
6. Quartz-plagioclase-biotite-cummingtonite-almandite (-hornblende).
7. Quartz-plagioclase-biotite-anthophyllite-almandite.
Type No. l is particularly common in the border districts north
and south of the Snåsa syncline. The rocks conforming to the para-
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geneses Nos. 3 and 4 have not been found outside the northwestern
most gneiss area, while, on the other hand, types Nos. 2 and 6 seem
to be more widely distributed throughout the basement region. The
appearance of rocks corresponding to the mineral assemblage No, 5
is wholly locally conditioned, and the same is perhaps the case with
rocks conforming to the paragenesis No. 7.
Biotite-muscovite-almandite (-clinozoisite) gneiss.
The petrography of this rock is not well known. Megascopically,
it is a grey, medium-grained rock, in many cases exhibiting a distinct
bedding which coincides with the secondary foliation. This rock is
dosely related to type No, l of the quartzofeldspathic gneiss dealt
with above.
1,

2,

Biotite-muscovite-cyanite-almandite gneiss.
This gneiss type is known from widely separated parts of the
basement region. As, however, no thin section of the rock has been
stuclied, it is at present impossible to give a full account of its
petrography. :.vlegascopically, it is a clarker-grey, medium-grained,
schistose rock. A reclclish-brown garnet (almanclite) , usually occurring
in small grains, is frequently observecl. The cyanite forms relatively
broad tabular crystals measuring up to 1-2 cm in length. In color the
mineral is various shades of bluish grey. As for the micas, biotite is
always found, while muscovite may apparently sometimes be absent.
Biotite-almandite-sillimanite (-cyanite) gneiss.
This type is a grey to darker-grey, meclium-grained, schistose rock,
in \\·hich small lenses and veins of quartz are often visible. Bedding
may be more or less obliterated by strong recrystallization.
The following minerals have been found: quartz, plagioclase,
biotite, muscovite, hornblende, garnet, sillimanite, cyanite, further
zircon, apatite, pyrite and magnetite.
The quartz, which is one of the main components of the gneiss,
always has undulatory extinction.
The plagioclase, which occurs in xenoblastic grains, is twinned on
the albite and pericline laws. The twinning may be beautifully deve
loped. The composition of the plagioclase was determined in 5 samples
collected from different places within the northwesternmost gneiss

3,

340

TOR BIRKELAND

zone, with the following results: (l) An13, gneiss extremely rich in
biotite, with sillimanite and cyanite. From the Purkholmen islet, near
Abelvær. (2) An15, gneiss rich in biotite. From the Brennholmen islet,
near Abelvær. (3) An27, gneiss rich in biotite and garnet. From the
Brennholmen islet. (4) An28, gneiss with sillimanite. From the summit
of the mountain of Tverakslen, northwest of Foldereid church. (5)
An38, gneiss. From the southern slope of the mountain of Tverakslen.
The composition of the plagioclase thus shows a high degree of varia
bility. This change in the An-content cannot reasonably be attributed
to great local differences in the physical conditions during meta
morphism: the real cause is more likely to have been a variation in
the bulk composition of the original sediment.
The biotite has the pleochroism: X pale yellow, Y
Z reddish
brown to dark brown. In the biotite inclusions of zircon with intense
pleochroic halos are commonly seen.
Muscovite. Traces of this mineral, sometimes in parallel growth
with biotite, are present in a few thin sections only.
The hornblende is rarely met with. It is of the common green
type.
The garnet (almandite) occurs in grains measuring between 1 and
5 mm in diameter. The individual grains may or may not have their
=

own crystal boundaries. In the garnet inclusions of quarts, plagioclase

and apatite are often found.
The sillimanite usually occurs in small sheaf-like bundles of fine
needles.
The cyanite is mostly absent. In a sample from the Purkholmen
islet, where the cyanite was found in broad, tabular crystals up to
2 cm long (partly in intergrowth with sillimanite Pl. I, fig. l), the
following optical properties were determined: Ng 1. 728, Np
1.715,
Ng-Np
0. 013, 2V =ca. 80° over X.
Common accessory minerals are zircon, apatite and magnetite.
=

=

=

4.

Biotite-almandite-sillimanite-microcline gneiss.
The rock is a medium-grained, schistose gneiss. In color it is
various shades of grey, with darker layers rich in biotite alternating
with lighter ones relatively poor in the same mineral - indicative of
a primary bedding.
The following minerals have been found: quartz, plagioclase,
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potash feldspar, biotite, muscovite, garnet, sillimanite, hornblende,
further zircon, apatite and magnetite.
The quartz may show strong undulatory extinction.
The plagioclase usually constitutes a considerable part of the
gneiss. The grains mostly have a xenoblastic outline. Intergrowths of
plagioclase and potash feldspar are frequently seen. The plagioclase
is usually oligoclase (An20 to An25), rarely andesine (up to An40).
Twinning on the albite and pericline laws (often beautifully developed)
is common. Myrmecite and myrmecite-like intergrowths of plagio
clase and quartz, occurring in small grains, are present in most thin
sections. Zoning of the plagioclase is never observed.
The potash feldspar, which is microcline or microcline micro
perthite, is found in highly varying amounts. Actually, all transitions
exist between a gneiss with plagioclase as the only feldspar, and a
gneiss in which the two feldspars occur in almost equal proportions.
Starting with the former type, the first change to be recognized in the
microscope is the appearance of scattered, tiny spots of potash feldspar
both within and outside the plagioclase. In some of the plagioclase
grains, these spots of microcline gradually take the form of small,
short insets which may be terminated by crystal planes. On growth,
two or more of these insets may coalesce to larger, somewhat irregular
masses, giving the plagioclase a patchlike structure. At times, another
type of composite feldspar has been developed, the microcline being
found as labyrinthic masses in the plagioclase. Outside the plagio
clase individuals, the microcline occurs as irregular grains of varying
size between the other constituents.

The biotite is usually found in rather large amounts. The pleo
chroism is: X pale yellow, Y= Z reddish brown to almost opaque. In
the biotite inclusions of zircon surrounded by intense pleochroic
halos are frequently noted.
The muscovite is present only occasionally.
The garnet (almandite) has been observed in most thin sections.
The grains are small, the average size being about l mm. The garnet,
which may or may not have its own crystal shape, usually forms
homogeneous individuals, while a poikiloblastic structure (inclusions
mainly of quartz and plagioclase) is more seldom developed.
The sillimanite is not commonly found. The appearance of this
mineral is largely restricted to the following localities: (l) At different
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places in the hilly range represented by the mountains of Tverakslen,
Storskarfjell and Kobbergrubfjell, west of Foldereid. (2) At a few
places in the district represented by the mountains of Haltussen and
Krekling Haltussen, further southwest. (3) The eastern slope of the
mountain of Moalien, 2 km south-southeast of Gravvik church. The
sillimanite may occur both as separate, rather small prismatic crystals,
and in the form of relatively large sheaf-like bundles of fine needles.
In other cases, sillimanite is found in compact, flattened aggregates
together with biotite and a little garnet. Locally, the sillimanite may
show incipient alteration to muscovite.
The hornblende, which is of the common green type, is seldom
met with.
Accessory minerals are zircon, apatite, and magnetite.
5. Biotite-cordierite-sillimanite-microcline gneiss.
This type is found quite exceptionally. In fact, it has been observed
only once - on the western slope of the mountain of Høgråna, east
of Rørvik. The gneiss appears in one small lentoid mass, which lies
enclosed in a medium-grained, foliated granodiorite. The strike of the
rocks is very near NE-SW, the dip being steep towards the southeast.
The color of the rock is comparatively dark, owing to a larger
content of a greenish-black biotite. Other minerals directly observed
are quartz, feldspar and a greyish mineral which on doser examination
appears to be sillimanite. Cordierite is also visible megascopically,
although this mineral can most easily be mistaken for quartz.
The microscope reveals the following minerals: quartz, acid plagio
clase, potash feldspar, biotite, muscovite, cordierite, sillimanite, and
zircon. (Pl. I, fig. 2).
The quartz exhibits undulatory extinction.
The plagioclase, which is acid oligoclase (An12), shows polysyn
thetic twinning. In the plagioclase may be found small, optically
oriented insets of potash feldspar. Occasionally, several such insets
may coalesce, thereby forming larger, irregular masses of potash felds
par within the plagioclase grains. Myrmecite is present in small amounts.
The potash feldspar is microcline. It is found both as individual
xenoblastic grains and as intergrowths in the plagioclase.
The biotite has the pleochroism: X colorless, Y
Z pale brown.
Inclusions of zircon are surrounded by the usual pleochroic halos.
=
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The muscovite is present in minor amounts only.
The cordierite is colorless in thin section. The following optical
constants were measured: Ng
1.547, Np = 1.541, Ng-Np
0.006.
The optic angle is large. Characteristic is the presence of pleochroic
halos around inclusions of zircon, the halos assuming a deep-yellow
color when parallel to X. In the cordierite are also found inclusions
of sillimanite, small needles which are oriented m a common
direction.
The sillimanite occurs partly in relatively large, slender prisms
(up to 2 cm in length), partly in fine needles, in the latter case aften
with an arrangement of sheaf-like bundles. The sillimanite is same
times found in parallel growth with biotite.
=

=

6.

Biotite-cummingtonite-almandite (-hornblende) gneiss.
Megascopically, it is a dark-grey, medium-grained, schistose rock.
The gneiss is aften rather heterogeneous, with alternating, differently
composed thin layers in which the ratio between the light- and dark
colored constituents may be subject to great variations (most likely
a structural feature inherited from the parent sediment, but now to
some extent obliterated or blurred by recrystallization).
The following minerals have been found: quartz, acid plagioclase,
biotite, cummingtonite, garnet, hornblende, further zircon, apatite,
pyrite and magnetite.
The quartz is one of the chief constituents of the gneiss. It shows
un dulatory extinction.
The plagioclase is intermediate-basic oligoclase. Multiple twinning
on the albite and pericline laws is common.
The biotite has the pleochroism: X pale yellow, Y= Z reddish
brown, which is intensified around inclusions of zircon.
The cummingtonite is dark green (with a tinge of brown) in hand
specimen. In thin section, it is weakly pleochroic with X = Y color
less to very pale yellowish, Z pale brownish grey. The optic angle is
80° to (-2V)
85°
large with varying sign, ranging from ( +2V)
approximately. z,\C = 16°-19°. Now and then, the cummingtonite
crystals may show lamellar twinning.
The garnet (almandite) forms grains measuring up to l cm across.
The larger individuals may contain numerous small grains of other
minerals.
=

=
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Fig. 4. Coarse-grained vein traversing a hornblende-biotite-garnet-bearing lime
silicate gneiss. Olig.

=

oligoclase; ant.

=

anthophyllite; mag.

=

magnetite.

From Purkholmen near Abelvær.

The hornblende, which is of the common green type, seems to be
of rare occurrence.
Accessory minerals are zircon, apatite, pyrite and magnetite.
7.

Biotite-anthophyllite-almandite gneiss.
This type has been found only once - on the islets of Purk
holmen and Lille Kalvøy, near Abelvær, where it occurs intimately
associated with other gneiss types.
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The following minerals have been observed: quartz, acid plagio
clase, biotite, anthophyllite, garnet; further, zircon, apatite and
magnetite in accessory amounts.
The plagioclase is basic oligoclase (An30). It is well twinnecl.
The biotite is brown in coloring.
The anthophyllite occurs in comJaratively broad prismatic cry
stals which, attaining a length of up to 4 cm, may be radially arranged.
Large crystals of this mineral have also been found in some of the
light-colored, coarse-grainecl veins (consisting mainly of acid plagio
clase) which intersect the gneiss complex (Fig. 4). The color of the
anthophyllite is of a greyish brown. Under the microscope it is weakly
pleochroic, with X nearly colorless, Z very pale brownish grey. The
optic angle is large, with 2V
80°-85° over Z. One determination
of the refractive indices was made, with the following result: Ng
1 . 675, Np
1 .655, Ng-�p
0. 020. In the diagram of wr�CHELL
(1 933, p. 242), these figures correspond to a member of the anthophyl
lite series, with about 47 per cent of Fe-silicate.
The garnet (almandite) may form crystals measuring up to l cm
in diameter.
=

=

=

=

Lime Silicate Gneiss
This gneiss group may be divided into hornblende-biotite-bearing
and diopside-bearing types. The bulk of these rocks are found north
and northwest of a line drawn from Grong railway station to Nam
dalseid church.
H ornblende-biotite-bearing gneiss. The members of this gneiss type
are darker, medium-grained rocks. Preponderance of hornblende
results in amphibolitic types, while an increase in the content of biotite
leads to rock t}rpes that are transitional to the micaceous gneiss.
The gneiss may be subdivided into two types:
Hornblende-biotite-cummingtonite-almandite gneiss.
Hornblende and plagioclase are the principal minerals (Fig. 5). In
varying, although usually comparatively small amounts, occur quartz,
biotite, cummingtonite and garnet. Diopsidic pyroxene has been
observed, but is apparently mostly absent. Sometimes, a well-developed
banding with alternate dark and lighter bands is seen in the rock; for
example, hornblende and cummingtonite may be associated in such a
l.
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Fig. 5. Cummingtonite-garnet-bearing hornblende-biotite gneiss. From Brenn
holmen near Abelv<er.

that hornblende is chiefly found in the dark bands while most of
the cummingtonite is restricted to the lighter anes.
The hornblende is greenish black in color. Under the microscopc
it is strongly pleochroic, with X pale yellowish green, Y green to
brownish green, Z green to darker green. The optic angle is large, with
(-2V)
70°-80°. Zhc
17°-20°. These refractive indices were
determined in a sample from Laugval, in the parish of Nærøy: Ng
1.670, Np
1. 650, Ng-Np
0.020 approximately.
The plagioclase is intermediate to basic oligoclase. It is always
twinned, usually on the albite and pericline laws.
The biotite has the pleochroism: X pale yellow, Y Z brown to
reddish brown.
The cummingtonite is green to greenish grey in specimen. In thin
section it is weakly pleochroic, with X
Y colorless, Z very pale
yellowish. The mineral, which may show lamellar twinning, is biaxial
positive with ( + 2V)
75°-85°. The following optical properties
were determined in a specimen collected from the above-mentioncd
way

=

=

=

=

=

=

=

=
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Ng-Np= 0.026,

approximately. In the diagram of

3-+7

z.,c= 19°,

WINCHELL
60

these figures correspond to a cummingtonite with about

(p.

244),

per cent

of Mg-silicate.
The garnet (almandite) forms crystals up to

2

mm in diameter.

The diopsidic pyroxene is pale greenish grey in thin section. The
pyroxene is biaxial positive with ( +2V)= ca.

60°.

The quartz is present in highly varying amounts.
Accessory minerals are zircon, apatite, magnetite, pyrrhotite and
calcite.

2. Hornblende-biotite-microcline (-almandite) gneiss.
Hornblende and plagioclase, as in the preceding type, are the
chief constituents, while the content of potash feldspar, biotite, garnet
and

quartz is subject to considerable variations. Other minerals

occasionally found are diopsidic pyroxene, clinozoisite, epidote and
calcite.
The hornblende is dark green to almost black in specimen. The
pleochroism is strong, with X pale yellowish green, Y green to yel
lowish green, Z green to deep green (sometimes with a tinge of blue).
The mineral is biaxial negative, with

-23°.

(-2V)= 45°-85°.

z ., c =

18°

More complete optical determinations were made in samples

from the following localities and with these results:
a) Abelvær
�p= 1.682,

(flakelike

inclusion

Ng-Np= 0.018,

in

foliated

z, c= 20°,

granite).

(-2V)

Ng= 1.700,

= 45°

approxi

mately.

b) Fiskholmen, near Abelvær (flakelike inclusion in foliated granite).
�g= 1.691,
ca.

Np= 1.670,

Ng-Np =

0.021,

Z1\C= 18°,

(-2V)

=

85°.

c) Kjeksvika, near Abelvær (flakelike inclusion in foliated granite).
Ng=1.686, Np= 1.667, Ng-Np=0.019, Zilc= 18°,
d) Road-cut

near

Lilleval

Ng-Np= 0.021, Zr.c= 18°,

agric.

coll.

Ng =

(-2V)=ca. 85°.
1.669, Np= 1.648,

(-2V)= ca. 7SO.

The plagioclase is basic oligoclase to intermediate andesine (An25-45).
It is always twinned, usually on the albite and pericline laws. Zoning
of the plagioclase is very rarely observed.
The potash feldspar is microcline. The mineral occurs partly as
tiny patches in the plagioclase.
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The biotite is strongly pleochroic, with X pale yellow, Y

=

Z

reddish brown to dark brown. Inclusions of zircon are surrounded by
intense pleochroic halos.
The garnet occurs in small poikiloblastic grains, averaging

2

mm

in diameter. The mineral is probably a garnet with dominating alman
dite molecule.
The quartz shows undulatory extinction.
The diopsidic pyroxene is nearly colorless in thin section.
The clinozoisite and epidote generally form minute prisms, which
may contain nuclei of orthite-epidote.
The calcite is found as small patch-like grains.
In addition to the above-mentioned minerals, scapolite has been
observed a few times.
Accessory constituents are titanite, zircon, apatite, pyrite and
magnetite.

Diopside-bearing gneiss.

The members of this gneiss type are

greenish-grey, medium-grained rocks. The chief minerals are diopsidic
pyroxene, plagioclase, potash feldspar and quartz. Less important are
biotite, garnet, hornblende and calcite. In addition, the following
mineral phases have been found: clinozoisite, epidote, titanite, zircon,
apatite, pyrite, pyrrhotite and magnetite.
The diopsidic pyroxene occurs in grains (often distinctly prismatic
in crystal habit) measuring up to
on

100

l

cm in length. Lamellar twinning

is common. The pyroxene, which is almost colorless in thin

section, is biaxial positive with

(+2V)

=ca.

60°.

Zr,c =42°-43°.

The indices of refraction were determined in two samples (from diffe
rent localities), and with the same result: Ng =1.715, Np
Ng-Np

=

0. 027. According to the diagram of

=

688,
226),

1

.

WrNCHELL (p.
33 per cent of

these figures correspond to a diopside with about

Fe

silicate. A weakly pleochroic amphibole, secondary after diopside,
is of rare occurrence.
The composition of the plagioclase lies within the limits of An30
and An60 (andesine to intermediate labradorite). Twinning on the albite
and pericline laws is common.

Myrmecite is found

in most thin

sections.
The potash feldspar is microcline, less commonly microcline mic
roperthite. The mineral occurs in relatively large, irregular grams,
but may also be found as small patches in the plagioclase.
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The quartz is present in varying amounts. It exhibits undulatory
extinction.
The biotite has the pleochroism: X pale yellow, Y

=

Z reddish

brown.
The garnet may form crystals up to

l.S

cm in diameter, but gene

rally the grain size is much smaller. The color varies from red to
brownish red. The index of refraction is

N::?:1.77.

The composition of

the garnet probably corresponds to that of an almandite relatively
rich in the pyrope and grossularite molecules.
The hornblende is of the common green type.
The calcite forms small irregular grains, which are evenly distri
buted throughout the rock.
The clinozoisite and epidote, when present, occur in insignificant
amounts only. The individual grains, small prisms up to

0.5

mm in

length, may contain cores of orthite-epidote.
Of the accessory minerals, titanite, zircon, apatite and pyrrhotite
are commom, while pyrite and magnetite are less frequently found.

Other Lime Silicate Rocks
Skarn rocks
Rocks of this character, forming small lenticular masses in the
lime silicate gneiss, are of rare occurrence.

A

sample collected from a

locality just west of Svanås farm in the Gravvik district, shows dark
green pyroxene, brownish-red garnet and a little calcite.

The pyroxene is pale green in thin section, with no visible pleoch
roism. Some of the grains, however, or even parts of one and the same
grain, may be strongly colored, having the pleochroism: X yellowish
green, Z dark green. In this case, one is probably dealing with a py
roxene of the ferrous type hedenbergite (the mineral is biaxial posi
tive with ( +2V)

=

ca.

60°).

The ordinary pyroxene of this rock is

somewhat poorer in Fe-silicate, its optical properties being as follows:
Ng
ca.

1.743, Np
1.722, Ng-Np
60°. In the diagram of W INCHELL
=

=

0.021, ZAC
(p. 226), these

=

=

47.5°, (+2V)

=

figures correspond

to a member of the diopside-hedenbergite series with an approximate
composition Di20He80.
The garnet forms up to

2

mm large isotropic grains, which are
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yellowish brown in thin section. The index of refraction is N >l. 78.
The mineral is probably an iron-rich member of the grossularite
andradite series.
The other minerals present are calcite, quartz and magnetite. all
of which occur in minor quantities only.
Three small lenses of a rock type differing somewhat in mineral
composition from the one described above were found in a hornblende
bearing granodiorite at the southern tip of the island of Abelvær, in
the Nærøy district. The said xenoliths are oriented with their longest
axes parallel to the foliation of the plutonic rock. Two of these lenses,
the largest of which is about 40 by 15 cm in size, consist of abundant
red garnet, some green pyroxene and quartz, and traces of calcite.
while the third has abundant hornblende (nearly black in specimen)
and minor amounts of red garnet and quartz. Other minerals are
vesuvianite, zoisite, epidote and titanite.
The garnet is isotropic in thin section. The index of refraction is
N

=

ca.

1.760, suggesting a garnet rich in the grossularite and;or

pyrope molecules.
The pyroxene is biaxial positive, and has Ng

=

1.730, correspon

ding to a ferrous diopside with an approximate composition Di45He55.
The vesuvianite occurs in crystals which may attain

a

length of

up to 5 mm. The mineral, which is uniaxial negative, is also partially
found as a narrow rim around grains of garnet.
The zoisite forms aggregates of small, irregular grains. It is j)-zoisite
with ( +2V)

=

20° approximately.

The epidote is biaxial negative with a large optic angle.
The quartz occurs both as comparatively large masses and in small
roundish grains which show a very weak undulatory extinction.
The calcite forms irregular grains, but may also be found

as

tiny

pat ches in the garnet and pyroxene.

Rocks with abundant diopside
Occasionally rocks may be found which consist chiefly of a well
crystallized, white or greyish-white diopside. In a sample collected
from the above-mentioned locality near Svanås farm in the Gravvik
district, the following optical properties were determined: Ng

=

1.696,

GEOLOGICAL 1:\VESTIGATIO:\S IN

1.667, Ng�Np
diagram of W INCHELL
Np

0.029,
(p. 226),

=

=

Z1\C

=

38°,

:\'.
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which, according to the

correspond to a diopside with about

5 per cent of Fe-silicate. In another specimen taken 5 km farther south
were measured: Ng

=

1.698,

Np

=

1.670,

Ng�Np

=

0.028,

Z11c

=

39.5°, which according to the same diagram give a composition o f
about

8

per cent o f Fe-silicate. I n addition t o the diopside may be

observed minor quantities of quartz, plagioclase (andesine), potash
feldspar (microcline); further, phlogopite, titanite, calcite, zircon and
apatite. The quartz and feldspars sometimes also occur in the form
of veins and small lumps in the main rock.

Anorthite-bearing rocks
Rocks of this composition, characterized above all by the para
genesis anorthite-zoisite (epidote), were found on the small islands of
Krokøya and Purkholmen, near Abelvær, where they occur in a few
flat lenses in a hornblende-biotite-bearing gneiss. They are light
colored, medium-grained, compact rocks. Now and then, parts of the
rock mass may be slightly rose-colored, probably on account of a
local concentration of manganese (thulite). The rocks are also distin
guished by the absence of any potash-bearing constituent.
The following minerals have been found: basic plagioclase, diop
sidic proxene, garnet, zoisite, clinozoisite, epidote, hornblende, quartz,
calcite, titanite, zircon and apatite (Pl. Il, fig.

1).

The plagioclase is anorthite, as determined by the refractive index
Ng

=

1.584, high relief, and relatively strong birefringence, giving an

approximate composition Ab5An95. The mineral occrurs in xenoblastic
crystals (up to

3

mm is size) which may contain numerous, small

roundish grains of quartz. Grains of garnet and diopside have also
been observed.
The diopsidic p:yToxene is almost colorless in thin section. In one
sample, these optical properties \Vere measured: Ng

1.684,

Ng�Np

about

30 per cent
1. 730 which

Ng

=

,

=

0.029,

Z;\C

=

40°,

of Fe-silicate.

=

1.713,

Np

=

corresponding to a diopside with
In another specimen was found

corresponds to a diopside with an approximate

composition Di45He55.
The garnet occurs typically in chain-like narrow rims of minute,
isotropic grains around larger crystals of anorthite,

diopside and
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Fig. 6. Anorthite-grossularite-bearing lime silicate rock. From Krokøya near
Abelvcrr. Drawing after photomicrograph. x 70.

quartz (Fig. 6). Megascopically, the mineral is yellowish brown in
color. The index of refraction is N

=

1.754, which is thought to corre

spond to a garnet with dominating grossularite molecule.
The zoisite usually forms aggregates of small prisms. The mineral,
which is a-zoisite with ( +2V)

=

ca. 45°,

is in immediate contact

with anorthite, diopside and garnet.
The clinozoisite is found in up to

3

mm lang, comparatively broad

crystals, which may contain grains of anorthite and zoisite.
The epidote, forming small prisms, sometimes has inclusions of
anorthite.
The hornblende, found in insignificant amounts in some thin
sections, has a marked pleochroism, with Z deep green. The negative
optic angle is about 60°.
Of the other minerals present, quartz, calcite and titanite are com
mon, while zircon and apatite are rarely found. The calcite is in direct
contact with anorthite.
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Topaz-bearing lime silicate rock
This rock type was found in a road-cut near Kleven farm, at the
head of Lyngen fjord, southwest of Namsos. The rock is greenish grey
in color, medium-grained, and compact. The chief constituents are
diopsidic pyroxene and a white mineral which appears to be topaz.
In addition, scattered crystals of titanite and bluish-green apatite can
be seen. Under the microscope, the diopsidic pyroxene frequently
shows lamellar twinning. It is partly altered to an almost colorless
amphibole. The topaz forms densely packed aggregates of small prisms
which exhibit ane perfect cleavage parallel to
positive with ( +2V)

=

60°

001.

The topaz is biaxial

approximately. The hardness is about

8.

In addition to the minerals mentioned above a few grains of clinozoi
site and traces of calcite are found.

Crystalline Limestone and Dolomite
These rocks, of which the crystalline limestone is the most wide
spread type, usually occur in dose connection with members of the
group of lime silicate gneiss. The marbles may appear as thin stripes
or laminae in the gneiss, but also as thicker layers of great horizontal
persistence. Very occasionally, the layers may attain a thickness of
up to

50-100

m or more. In texture, the marbles are medium- to

fine-grained rocks. The color varies from a grey or whitish grey (same
times with a tinge of red) in the crystalline limestone, to a pure white
in the dolomite-marble. Apart from the two carbonates, calcite and
dolomite, the following minerals have been observed: diopside, cum
mingtonite, phlogopite, biotite, plagioclase, quartz, further tourmaline,
zircon, apatite, pyrite, pyrrhotite and graphite.
lgneous Rocks

Vo l c a n i c

Rocks

Amphibolitic rocks which are supposed to represent metamorph
osed basaltic lavas have been found at several places in the basement
region. These rocks may occur both as flake-like masses in the granite
and granodiorite, and as narrower and broader zones within the non
plutonic rock system. They all are dark-colored, medium-grained,
more or less foliated rocks, which have been completely recrystallized.
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We may distinguish two rock types, which conform to the following mineral assemblages:
l. Hornblende-andesine.
2. Hornblende-oligoclase-clinozoisite-garnet.
l. This type is restricted to the northernmost part of the region.
The chief minerals are hornblende and plagioclase.
The hornblende is black in specimtn. Under the microscope it is
distinctly pleochroic, with X pale yellow, Y greenish yellow to brown,
Z greenish brown. In a sample collected from the western slope of the
mountain of H øgråna, east of Rørvik, these optical properties were
determined: Ng
1.690, Np
1.670, Ng-Np
0.020, Z11c
17°,
(-2V)
ca. 85°. In another sample taken from a road-cut near
Fredrikmoen farm about 2 km southeast of Gravvik church, were
measured: Ng
1.679, Np
1.660, Ng-Np
0.019, Z11c
18°.
The plagioclase is intermediate-basic andesine (An 40 50 ) . It always
shows twinning according to several laws.
Accessory minerals are reddish-brown, strongly pleochroic biotite,
colorless diopsidic pyroxene (found as small patches in the hornblende),
titanite, apatite and magnetite.
2. This rock type is comparatively abundant in the southern
districts of the basement region.
=

=

=

=

=

=

=

=

=

__

The hornblende, which is the main constituent, is greenish black

in specimen. In thin section, it is distinctly pleochroic, with X yel1owish green, Z bluish green.
The plagioclase is intermediate oligoclase.Twinning is commonl y se en.
The clinozoisite occurs in small prisms which are evenly distributed
throughout the rock.
The garnet is present in varying quantities. Locally, the individual
crystals rnay attain a size of up to 1.5 cm across.The color is a brownish red.
Accessory constituents are chlorite, quartz, titanite, apatite, pyrite
and calcite.
P l u t o n i c Ro c ks
B a s i c a n d Cl t r a b a s i c P l u t o n i c Ro c k s
These rocks comprise more or less metamorphosed representatives
of peridotitic, noritic, and hyperitic types, the term hyperite being
used in the sense defined by jOHANNSEN (1937, III, p. 238). The rocks
form small lentoid bodies in the supracrustal complex.
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Serpentine and Allied Rocks

Concerning the members of the peridotite family, they are evi
dently always completely serpentinized. The mineral composition may
be: antigorite, tale and magnesite, with chrysotile and iron ore in
subordinate amounts. By further alteration, the serpentine may pass
into a rock consisting chiefly of tale and magnesite. A rock of this
character (soapstone), forming a lentoid body about 50 by 250 m in
size. was found in the gneiss zone on the northeastern :olope of the
mountain of Kjøringsvassfjell, west of Kongsmoen, in the Foldereid
district.
Norite

Megascopically, the norite is a brownish-grey, medium-grained,
massive rock, showing spheroidal weathering. In a sample collected
along the road, 300 m east of Fossenget farm, southeast of Gravvik
church, the following minerals were observed: plagioclase, orthor
hombic pyroxene, brown hornblende, biotite and iron ore.
The plagioclase is faintly brownish in thin section, owing to innu
merable dustlike inclusions. Polysynthetic twinning on the albite and
pericline laws occurs. The composition of the plagioclase is about
An6,, (�g = 1.569).
The orthorhombic pyroxene is weakly pleochroic under the micro
scope. It has abundant Schiller inclusions. The mineral is biaxial nega
tive (large optic angle) with Ng =1.702, Np = 1.690, Ng-Np =
0.012, which in the diagram of WI);CHELL (p. 218) correspond to a
hypersthene with about 24 per cent of Fe-silicate. The pyroxene is
obviously in the process of replacement by hornblende.
The hornblende has a peculiar pleochroism: X very pale yellow,
Y =Z pale brown. The following optical properties were determined:
�g =1.663, Np = 1.643, Ng-Np =0.020, Zrc =19°, (-2V) =ca.
85°. The hornblende occurs partly in larger prismatic grains which
may be filled with inclusions of iron ore (inherited from the pyroxene),
partly in minute needle-like individuals.
Accessory constituents are reddish-brown biotite, magnetite and
ilmenite.
Olivine Hyperite

The olivine hyperite is a dark-colored, medium-grained, massive
rock. It shows spheroidal weathering. In a sample collected from a small
lens-shaped mass just south of Lurudal railway station (16 km southeast
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following primary

minerals

were found:

plagioclase, olivine, augite, hypersthene, biotite, orthoclase, apatite
and iron ore. Secondary minerals are amphibole, garnet and orthor
hombic pyroxene, all of which may occur in the reaction zoncs
between the plagioclase and the dark primary constituents. The tex
ture is subophitic.

P rim a r y

mineral s .

The plagioclase is labradorite. The

mineral forms lath-shaped individuals, which are slightly clouded by
a brown dust. The plagioclase is well twinned, mainly according to
the albite law.
The olivine occurs in hypidiomorphic or xenomorphic crystals.

The augite i:o interstitial to plagioclase. Several adjacent grains
may have the same optic orientation. The mineral is biaxial positive,
with

(+2V)

=ca.

plane is parallel to

2SO, and
010.

Z',,c =30° (subcalcic augite?). The optic

The hypersthene forms variously sized, angular crystals.

The

pleochroism is distinct with X bmwnish reel. The hypersthene is same
times found as a thin mantle-like rim about the grains of olivine.
Several small (corroded) grains of olivine may also occur as poikilitic
inclusions in the hypersthene.
Accessory

constituents

are reddish-brown,

strongly

pleochroic

biotite, orthoclase, apatite, and iron ore (magnetite, ilmenite ?). The
orthoclase is interstitial to plagioclase.

S

ec ond a

r

y m inera1 s .

Reaction rims are found between

the plagioclase and the following dark primary constituents: olivine,
biotite, hypersthene and iron ore, while they are usually absent around
the grains of augite. The reaction products are green, weakly pleo
chroic, fibrous amphibole; colorless, fibrous orthopyroxene; and garnet.
Double reaction rims may be found around the grains of olivine, and
consist of an inner, thin zone of orthopyroxene towards the olivine
and an outer, broader zone of amphibole (with or without garnet)
towards the plagioclase. The garnet seems in most cases to be concen
trated near the inner border of the amphibole zone.

Gabbro, sensu stricto
Rocks of this kind have not as yet been observed by the present
writer. In this connection, however, it seems worth mentioning the
location of a mass of basic plutonic rocks scattered over several smal-
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of Namsos. Unfortunately, the

writer has not had the opportunity of visiting this locality, and as the
information available from the older geological literature is somewhat
incomplete, no further can be said on this subject until additional
data can be obtained.

Ac i d - I n t e r m e d i a t e

Plutonic

R o c ks

Plutonic masses composed essentially of granite and granodiorite
occupy vast expanses of the basement region. The rocks may be divi
ded into three groups:

l. Granite, granodiorite, etc.
These rocks, among which are found representatives of various
plutonic families, are intimately connected in the field.

However,

granite and granodiorite predominate. Occasionally, quarts-dioritic,
syenodioritic, or dioritic rock types are found. The rocks might also
be subdivided, on the basis of the femic constituents, into biotite
bearing, hornblende-biotite-bearing and hornblende-pyroxene-biotite
bearing types. In addition, a biotite-muscovite-bearing subtype of the
common type of biotite granite may occur.
The said plutonic rocks mostly have a distinctly foliated or gneissic
appearance (in the writer's opinion a primary structural feature) ,
simultaneously as they often exhibit a well-defined lineation. Inclu
sions of country rocks, flake-like masses which may show strong de
formation and folding phenomena, are usually oriented parallel to the

planar structure of the granite and granodiorite (Fig.
xenolithic masses are less commonly found (Fig.

7).

Unoriented

8).

The rocks are generally medium-grained. Not infrequently, they
may exhibit a porphyritic texture, with tabular feldspar crystals
lying in a finer-grained matrix. The color of the rocks is varying
shades of grey, often with a tinge of red.
The following minerals have been found: quartz, acid plagioclase,
potash feldspar, biotite, hornblende, monoclinic pyroxene; further,
muscovite, garnet, epidote and orthite-epidote, titanite, zircon, apa
tite, magnetite and pyrite.
The quartz is present in varying amounts. It always shows undu
latory extinction.
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Steeply dipping, isoclinally folded flakelike inclusion

of amphibolitic rock (metabasalt ?) in foliated biotite granite. Road-cut
to the north of the farm Auskaret, on the southeastern
side of Lyngen fjord, southwest of Namsos.

The plagioclase is intermediate to basic oligoclase (An20_30). Poly
synthetic twinning on the albite and pericline laws is common. Myr
mecite in small individuals occurs in most thin secti.ons.
The potash feldspar is microcline, partly also microcline micro
perthite. Sometimes, the perthite structure may be almost submicro
scopic, with lamellae of acid plagioclase down to l by lO,u in size.
Larger tabular crystals may show simple twinning on the Carlsbad
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Fig. s. 'Cnoriented flat inclusion of hornblende-biotite-bearing lime silicate
gneiss in foliated biotite granite. From the northern slope of the mountain
of Kjøringsvassfjell, west of Kongsmoen.

la\Y. The potash feldspar may also be found as optically oriented insets
the plagioclase.
The biotite has very strong pleochroism, with X pale brown,

in
Y

=

Z dark brown to almost opaque. Inclusions

of Zircon are sur

rounded by the usual pleochroic halos.
The hornblende is black in specimen. The mineral has small optic
angle (2Y over X= 10-60°, often giving the impression of an almost
uniaxial mineral), high indices of refraction (Ng 1.690-1.715) , and
distinct green to dark-green pleochroism. These optical properties
evidently place the hornblende in a specific subclass of the amphiboles,
the hastingsites, which are characterized crystallochemically by 2 Al
in Si-position (suggestive of a rather high temperature of formation.
See, for instance, summary in FosLIE, 1945) .
The monoclinic pyroxene is dark green to greenish black by inci
dent light. 'Cnder the microscope, it is pale green and weakly pleo
chroic. The mineral is biaxial positive with ( +2V)
ca. 60°. Zt,c
=

=

=
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The pyroxene, which probably has a composition ap
proaching that of augite, may occur both as independent crystals and
in parallel growth with hornblende.
The muscovite is mostly absent.
The garnet is a fairly common minor constituent of the granitic
members of the plutonic association concerned, while it is usually
absent in the granodioritic types. The garnet occurs in small, rounded
grains, which are mostly less than 0.5 mm in diameter.
Epidote and orthite-epidote. The appearance of these minerals
seems to be locally conditioned.
Other minor constituents are titanite, zircon, apatite, pyrite and
magnetite.
Y o u n g e r p e g m a t i t e . This rock is a light-colored acid
pegmatite, which in the form of narrow dikes and granite-filled shears
cuts the structures of the slightly older plutons of granite and grano
diorite. The dikes are short ( generally less than 50 m in length),
steeply dipping bodies, which have a thickness ranging from about
l dm to 1-1. 5 m. Occasionally, the dikes may exhibit a zoned struc
ture. In this case, the feldspars are concentrated along the walls, while
most of the quartz forms the core. The chief minerals are quartz,
microcline or microcline microperthite, and oligoclase. Graphic inter
growths of microcline and quartz are frequently observed. Biotite is
the common dark mineral, while hornblende is rarely met with.
Orthite-epidote may form comparatively large crystals in some dikes .
.:\Iuscovite is entirely absent.
Regarding the origin of these dikes and granite-filled shears, they
were probably formed during a late phase in the consolidation of the
acid plutonic masses. The process may be followed step by step, from
the first disturbances of the planar structure along small flexures in
the main body, to the appearance of the larger dikes, indicating a
gradual dilatation of the earlier fractures into which the liquid still
remaining in the pluton was forced to move.
47°-50°.

2. Granite
The members of this group of acid intrusives are fine- to medium
grained granitic rocks, which exhibit distinct planar andj or linear
structures. The color is a light reddish grey. Both porphyritic and
nonporphyritic rock types have been encountered. The porphyritic
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Fig. <). Feldspar phenocryst in fine-grained, porphyritic granite. 3 km east of
Bodom church, east-southeast of Steinkj er.

(and predominant) type has numerous, small feldpar phenocrysts
(tabular crystals attaining a maximum length of 4--5 mm), which are
embedded in a fine-grained matrix of feldspar and quartz. The feldspar
of the phenocrysts is usually a perthitelike type (Fig. 9) , less com
m o nly microcline or oligoclase. The feldspar of the fine-grained matrix
is microcline and oligoclase. Biotite is present in small quantities. In
addition to these minerals may be found accessory amounts of garnet,
muscovite, epidote, titanite, zircon, apatite, and magnetite.
This granite occupies the greater part of the anticlinal region south
of the Snåsa syncline. Presumably, the granite finds its continuation
eastwards into the area of acid plutonic rocks between the eastern

termination of the Snåsa syncline and the district of Liene, here corre
sponding to the "porphyry" of FosLIE.

3. Granodiorite, in part quartz-diorite
These rocks are considered as the youngest members of the \vhole
series of acid plutonic associations. They are light-grey, weakly to
moderately foliated rocks, usually medium-grained, but may locally
develop fine-grained (aplitic) or pegmatitic textures. The rocks differ
from the types de�.cribed above in that, in addition to biotite, they
contain muscovite in fairly large quantities.
The quartz, which is present in abundance, often shows strong
undulatory extinction.
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The plagioclase is oligoclase (An20 to An30). Polysynthetic twin
ning is common. The plagioclase crystals may also be distinctly zoned.
frequently in a complex oscillatory mode of zonal growth. In a samplc
collected from the island of K valøy, in the Vikna district, the following
variation in the An content (from the core towards the border) was
observed: An27-+ An31-+ An23-+ An27-·-·+ An21. l\f yrmecite is present
in small grains.
The potash feldspar is usually microcline, more rarely microcline
.
microperthite.
The biotite occurs in small flakes. It is brown in color, and strongly
pleochroic.
The muscovite forms relatively large laths, which are oriented
in a common direction. The mineral is often found in parallel growth
with biotite.
In accessory amounts may occur epidote or clinozoisite (minute
prisms, partly with core of orthite-epidote); rarely garnet; further,
zircon and apatite.
PETROLOGY

N o n p l u t o n i c Ro c k s
The presence of regionally metamorphosed sediments and volcanics
has been demonstrated. Texturally, the original supracrustal rocks
ha\'C been completely reconstituted. On the other hand traces of pri
mary structures (bedding, sometimes cross-bedding) may be found in
the derivatives of several types of sediments, even at high grades of
metamorphism.
Among the metasediments, gneissic rocks predominate. Most of
the gneisses probably represent metamorphosed arenaceous sediments,
vvhile certain types of lime silicate gneiss may have originated from
marly sediments. Other rock types, occurring in relatively small
quantities, are quartzite, quartz schist, mica schist, and crystalline
limestone and dolomite. It might seem permissible to conclude, there
fore, that the principal types within the old province of sedimentation
had the character of arenaceous and mixed sediments, such as arkosic
sand, calcareous sand, clayey sand, marly sand, marl, etc.
This lithological picture accords with the writer's interpretation
regarding the genesis of the metasediments. As a consequence of
intense orogenic movements, the geosynclinal rocks were pressed down
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to lower leYels in the earth's crust. Thereby, the temperature was suffi
ciently elevated in the original sediments to cause the development of
certain rock type s which are characteristic of high-metamorphic ter
rains.
Although it is far from the intention of the present writer to
attempt to invalidate the role of metasomatism in petrogenesis, caution
should nevertheless be exercised in claiming a rock, e. g. , a gneiss of
whatever composition, to have been formed under the influence of
metasomatic agents. It is also the writer's field geological expcrience
that change s due to metasomatism have apparently been confined to
the narrow border zones adjoining the plutons of granite and grano
diorite. The boundaries between these plutons and the regionally
metamorphosed country rocks may be gradational, suggesting a "lit
par-lit" intrusion of granitic magma into the contact zone parallel to
the foliation of the wall rock. The host rock itself may bear the imprint
of metasomatic influence, caused by the fluids expelled from the con
solidating granitic magma. In this manner may be explained the
appearance of light-colored quartz-feldspar-rich streaks or veins, and
the formation of isolated feldspar porphyroblasts (augen) in the rocks
of the border zones. Diopside has evidently been chemically unstable
in this outward flow of granitic emanations, having, therefore, to a
great extent been converted to hornblende. Similarly, anthophyllite
or cummingtonite would react with the introduced granitic juice to
produce biotite, while cyanite would be transformed to muscovite.
Lastly, a short comment on the volcanic rocks. Only basic types
have been found. These rocks are supposed to represent strongly meta

morphosed basaltie lavas. According to their present structure and
mineral composition they should be termed amphibolites.
Pl u t o n i c R o cks
In the writer's opinion, these all are magmatically derivcd rocks,
which have crystallized in the earth's crust under the appropriate
P. T. -conditions to achieve a plutonic aspect. This applies both to the
basic (and ultrabasic), and to the acid rock types. The former gro up
includes noritic and hyperitic types. The hyperites in their geological
mode of occurrence and in their petrography show great analogies to
the hyperites of Sørlandet (southernmost Norway) , the more so as the
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latter are in the same manner associated with rocks of noritic compo
sition ( BuGGE, 1943). Further, GJELSVIK (1952) has in a recent paper
ginn an elaborate description of similar rocks in the district of Sunn
møre, on the west coast of southern � orway.
The interpretation of the acid plutonic rocks as being of magmatic
origin is perhaps a somewhat orthodox view. Nevertheless, the writer
considers the great majority of the granites and granodiorites to haYe
developed in this way. Concerning the formation of the granitic mag
mas, the writer agrees with those petrologists who call attention to a
differential anatexis of rocks of varying composition at the base of
the earth's crust as a possible cause. The more or less heterogeneous
character of the granites and granodiorites in many denuded regions
of old age (including the region under consideration) might tentatively
be explained by the hypothesis hinted at above, the often numerous
xenolithic masses being interpreted as the remainders of a pre-existent
rock system that was not completely re-fused. An alternative expla
nation of this heterogeneity would be that the inclusions were picked
up by a homogeneous granitic magma, when squeezing its way through
the essentially solid country rocks.

NOTE O=" THE :\fiNERAL FACIES

\Yith a few exceptions, the rocks of the basement complex origi
nated under physical conditions which correspond to the requirements
of the amphibolite facies, this concept being used in accordance to the
definition given by TURNER and YERHOOGEN (1951). Thus, the gabbro
facies, as typified by certain basic plutonic rocks (norite, olivine
hyperite) , is only locally developed. While the majority of the plutonic
igneous rocks (mainly granite and granodiorite) belong to the high
temperature portion of the amphibolite facies, there is a moderate fall
in the metamorphic grade of the nonplutonic rocks when advancing
from the northernmost districts of the basement region towards the
south and southeast, but still the grade of metamorphism lies well
within the limits of the amphibolite facies.
It appears from the description of the metasediments that in
rnicaceous gneisses of appropriate composition, potash feldspar (micro
cline) rnay sornetimes occur in stable combination with sillimanite,
cordierite and almandite. On the other hand, potash feldspar has neYer
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been found in paragenesis with anthophyllite or cummingtonite. Using
the facies classification of TURNER and VERHOOGEN (op. cit. ), the said
gneisses should be placed in the high-temperature sillimanite-alman
dite cubfacies of the amphibolite facies. In the present nonplutonic
rocks, orthorhombic pyroxene has never been observed. This feature,
plus the relatively common appearance of cummingtonite, indicate a
metamorphic temperature not sufficiently high to permit the crystal
lization of magnesian pyroxene at the expense of the analogous hydro
xyl-bearing minerals.
As already mentioned, there is a moderate fall in the metamophic
grade of the nonplutonic rocks when proceeding from the northern
most districts of the basement region towards the south and southeast.
Thus, there is every indication that the bulk of the nonplutonic rocks
which appear in the districts to the east and southeast of Folden fjord,
originated under pressure-temperature conditions characteristic of the
staurolite-cyanite subfacies of the amphibolite facies, as defined by
TURNER and VERHOOGEN (op. cit. ). Only locally, in the proximity to
the granitic bodies, may the nonplutonic rocks attain a higher grade
of metamorphism, conforming to the sillimanite-almandite subfacies,
�imultar:eously as a vein structure (resembling the structures found in
partially re-fused rocks) may appear in metasediments of appropriate
composition (Fig. 3). In other places, possibly influenced by relatively
rapidly falling temperatures, the rate of the metamorphic processes
may have been sufficiently reduced to cause the development of mine
ral associations indicative of a state of disequilibrium.
TECTONICS

The map, Pl. Ill, which gives a general view of the petrography
and tectonics of the basement region, obviously presents the picture
of an old, deeply denuded mountain chain. The trend of this orogenic
zone seems to have been about N 65° E. However, important devi
ations from the main trend can be seen in the districts southeast of
Folden fjord, where a foliation on N -S to NW-SE axes, intersecting
the main direction of folding at almost right angles, has been deve
loped.
It is evident from the map that complex falding movements must
have taken place in connection with a mighty upsurge of granitic

366

TOR BIRKELA::\D

magmas (concordant, syntectonic acid intrusives) . During this de
monstrabon of intense plutonic activity, the geosynclinal zone was
split into smaller parts, represented by strongly contorted belts of
metamorphosed mpracrustal rocks. The granitic plutonic rocks appear
in massifs of varying shape and size: they may form comparatively
small, highly elongated bodies, as in the districts north of Folden
fjord, or they may appear in large, rather irregularly terminated and
intricately constructed massifs, as in the vast area of granite and
granodiorite southeast of the same fjord.

THE CAMBRO-SILURIAN ROCK SYSTEM
This rock system falls into three separate parts: - (l) The narrow,
strongly compressed Snåsa syncline, with sedimentary and igneous
rocks of low metamorphic grade. (2) The relatively broad Bindal
syncline, with medium- to high-grade metamorphic sedimentary and
volcanic rocks. In addition, granite and granodiorite occupy an essen
tial portion of the syncline. (3) The Leka district, with basic and ultra
basic plutonic rocks underlying a series of steeply dipping layers of
conglomerate, feldspathic sandstone, and phyllite.
Regarding the Snåsa syncline, only a brief account of the geology
of this region will be given. The de scri pti on is chiefly based on the
writer 's own, fairly random observations within the syncline, while a
few data have been taken from the above-mentioned paper of H.
CARSTE NS (1955).

The Snåsa Syncline
The rocks belong to two stratigraphical-tectonic units: an old
complex of metamorphosed supracrustals and acid intrusives, and a
younger series of conglomerate and sandstone. A map of the syncline
is seen in Fig. 10.
THE OLD COMPLEX
Sedimentary Rocks

Quartzite

Conglomerate

Conglomerates appear to be of rare occurence within the old com
plex. Cp to the present, only one outcrop of a rock of this kind has been
found. The locality in question is situated about 2 km due south of
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CAMBRO-ORDOVICIA:\. Sedimentaryrocks:
Basal quartzite conglomcrate
Mica sr:hist
Crystalline li111estone
Conglomerate and sandstone

I{;neo us rocks:
Greenstone and grecnschist
Tronclheirni te
PRE-C.'\:11BRIAN
Grani te and g-neiss, undiifcrcntiated

f<'ig. l O. Geological

rna p

of the Snåsa syncline.

Lurudal railway station, where the conglomerate appears as a thin
layer (less than 10 m thick) at the base of the Cambro-Ordovician
supracrustal formations. Owing to intense folding pressure, the original
cobbles, composed exclusively of a finer-grained, light-grey quartzite,
have been almost completely rolled out, and now resemble flat, discus
sha perl. bodies.

Quartzite
Quartzite may be found as layers of varying thickness near the
base of the supracrustal series. It is a dark-grey rock consisting mainly

of quartz and muscovite.

lvfica Schist
.:\Iica schist forms a relatively wide zone along most of the southern
flank of the Snåsa syncline. The zone, after having been much reduced
in width, continues along the northeastern boundary of the syncline,
where it finally disappears a little west of Lurudal railway station.
The mica schist is a grey to greenish-grey rock. The chief minerals
are: quartz, muscovite and chlorite. In addition, calcite may same
times occur in fairly large quantities. Biotite is rather uncommon, but
it is probable that some of the chlorite may be diaphthoretic after
biotite. Garnet has been found in certain varieties of the mica schist
occurring near the base of the supracrustal series.
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Crystalline Limestone

As appears from the map, Fig. 10, crystalline limestone occupies a
greater part of the syncline. From a little west of Lake Snåsa vatn,
this rock extends for about 60 km, the zone tapering towards the east.
The limestone is usually grey to darker-grey in color. In addition
to calcite, may be found subordinate amounts of quartz, muscovite.
tale and graphite. Of particular interest is the finding of fossil remains
in the Snåsa limestone, as reported by H. CARSTENS.

Igneous Rocks

Vo l c a n i c R o cks
Greenstcne and Greenschist. Amphibolite

Basic volcanic rocks of low metamorphic grade form a continuous
belt of varying breadth along the northern flank of the syncline. A
similar belt, but of much smaller dimen�.ions, occurs southwest of the
western end of Lake Snå�.a vatn. The bulk of these rocks were probably
basic lavas. Here and there may be found intercalated beds of
crystalline limestone.

Greenstone and greenschist are the common rock types. The mine
rals are: actinolitic amphibole, albite, clinozoisite (or epidote), chlorite
and calcite; further, biotite, quartz and titanite in accessory quantities.
Locally, in the contact zones around intru�.ive masses of tTond
heimite, the greenstone and greenschist may have been transformed
into a dark-colored amphibolitic rock. The amphibolite consists of
abundant hornblende (dark green to greenish black in specimen),
minor amounts of albite and epidote, scales of brown biotite, and
sporadic grains of calcite.

Quartz-keratophyre

According to H. CARSTENS, metamorphosed acid lavas and agglo
merates (often with well-preserved primary structures) are common
rock types in the higher stratigraphical parts of the volcanic forma
tion of the Snåsa syncline and its southwesterly continuation.
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I n t r u s i v e Ro c ks
Saussurite Gabbro. Diorite

the tract Malm-Folla vatn, a narrow, ENE-WSW directed
zone of saussuritized gabbroic and dioritic rocks occurs. The rocks are
intrusive into the northern belt of greenstone and greenschist.
In

Trondheimite Aplite and Trondheimite Porphyrite

Sill-like intrusions of these rock types have been found at several
places within the old complex. They are light-colored, somewhat foli
ated rocks. Both aplitic and porphyritic types occur, the latter with
tabular albite phenocrysts (up to 2 mm in length) set in a very fine
grained groundmass composed essentially of albite and quartz. The
other minerals are biotite, epidote and chlorite (secondary after biotite).
Trondheimite

larger massif of trondheimite Iies south and southwest of the
mountain of lVIalbuheia, at the western end of the Snåsa syncline.
The trondheimite is distinctly younger than the greenstone complex.
This fact can be demonstrated in road-cuts ENE of Follafoss hydro
electrical power station. A much smaller body of the same rock type
is found a little farther northeast, in the area between Malm and
Hjellebotn.
The trondheimite, which structurally and mineralogically may be
parallelled with the "protogine granites" of the Trondheim region, is
a light-grey, medium-grained rock with a pronounced linear structure,
while the foliation is weakly developed. The gathering of the quartz
into small, oval masses (up to l cm in length) gives the rock a structure
which to some extent resembles that of the so-called "quartz augen
gneiss" of the Bergen area.
Albite and quartz are the chief minerals. Other constituents are
biotite, muscovite and epidote. The feldspar individuals, showing
twinning on the albite and pericline laws (often broad lamellae), may
be filled with minute grains of clinozoisite and flakes of muscovite.
The biotite is brown, and strongly pleochroic. Accessory minerals are
titanite, zircon and apatite.
A

low
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THE YOU:\GER SERIES

Conglomerate and sandstone form a zone of highly yarying \Yidth
in the Snåsa syncline.
The conglomerate consists mainly of well-worn fragments of grani
tic rocks. Occasionally, cobbles of trondheimite, grecnstone, saussurite
gabbro and crystalline limestone are found. As a result of strong, local
deformation, the cobbles may have been more or less flattened and
elongated.
The �.andstone is a grey or greenish-grey rock. The secondary foli
ation, arisen through the parallel orientation of muscovite and chlorite,
appears in most cases to coincide with the bedding of the rock. The
other minerals usually present are quartz, albite and epidote, while
biotite and a pale green amphibole are less common.

:\OTE ON THE :\IINERAL FACIES

The greater part of the rocks of the Snåsa syncline were probably
formed under the physical conditions of the biotite-chlorite subfacies
of the greenschist facies, as defined by TuRNER and VERHOOGEN (1951).
Locally, however, there are indications that a grade of metamorphism
corresponding to the albite-epidote-amphibolite facies (TuRNER and

op. cit. ) has been reached (the appearance of garnet
(almandite) in certain layers of the n:ica schist immediately overlying
the basement complex, and evidence of contact metamorphism around
intrusions of trondheimite in the greenschist and greenstone). Subse
quent to the main stage of regional metamorphism, during a period of
falling temperature, a readjustment of the rocks to the new physical
conditions took place. As a consequence of this retrogressive meta
morphism, the biotite has in many cases been converted to chlorite,
the resulting rock thus conforming mineralogically to the muscovite
chlorite subfacies of the greenschist facies.
VERHOOGEN,

STRATIGRAPHY AND TECTONICS

The development of the geosyncline was probably initiated in the
Cambrian with the deposition of thin, non-persistent beds of conglo
merate and sandstone, which \Yere later overlain by a thick succession
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of pelitic sediments. In this connection should be mentioneJ the almost
complete absence of mica schist along the northern flank of the Snåsa
syncline, a distinctive feature which cannot be tectonically conditi
oned (lack of evidence of thrust or fault movements along the junction
against the basement complex; alternation between layers of quartzite,
quartz schist, mica schist, and greenstone at several places along the
same junction, indicating that the observed boundary situation is an
unconformity). The large masses of crystalline limestone which occur
within the syncline very likely date from the Ordovician. A similar
age may also be suggested for the metamorphic derivatives of basic
igneous rocks (greenstone, etc.) found within the syncline. Igneous
rocks of this character are known from various other parts of the
Caledonian chain, indicating widespread volcanic activity during the
Skiddavian epoch with the pouring out of principally basic lavas and
pyroclastic material. Later, the supracrustal rocks were injected by
magmas of trondheimitic composition.
In the following orogenic phase, possibly identical with the Trond
heim disturbance, which is assumed to have taken place at the transi
tion interval between the Skiddavian and Llanvirnian epochs (HoLTE
DAHL, 1920), the stratified rocks were tilted and perhaps slightly
folded and metamorphosed. At the same time, parts of the geosyncline
were elevated above sea level. There is reason to believe that the
coarse sediments of the younger series of the Snåsa syncline began to
accumulate on the denuded old complex shortly after the regression
had ceased and the sea again transgressed the land surface. Thus,
admitting no great break between the two rock systems, the y ounger

series may tentatively be correlated with the lower part of the Lower
Hovin series of the Trondheim region.
In a recent paper, VoGT (1945) has suggested that the conglome
rates and sandstones occurring in the Malbuheia district, west of
Steinkjer, overlie pre-Cambrian rocks. In this assumption the writer
cannot agree. On the contrary, it must be considered a well-established
fact that the said conglomerates and sandstones rest on unquestion
ablv Caledonian rocks.
Finally, the two rock systems were folded and strongly deformed.
In most cases, the strata seem to be right-side-up, but they may also
be overturned. Tectonic disturbances due to thrust movements have,
as stated above, not been observed within the Snåsa syncline.
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The Bindal Syncline

The Bindal syncline may be clefinecl as the southwesternmost part
of the imposing :"Jorcllancl synclinorium of northern Norway. Both
metasecliments and meta\·olcanics occur. The major portion of the
syncline is, however, occupiecl by a large, N-S orientecl, elongatecl
mass of granite and granodiorite, known as the Bindal granite massif.
Sedimentary

Rocks

Quartzite and Quartz Schist
These rocks occur as thin layers in the zones of mica schist and in
the zone of metamorphosed acid Javas.
The rock:o are grey in coloring. Common minerals, other than quartz,
are muscovite, biotite and oligoclase. Possible components of the
quartz schist are epiclotc and calcite.

Jiica Schist
Two different zones of mica schist occur: (l) a lower zone which
is in immecliatt- contact with the basement complex, and (2) an upper
zonc

which is cletached from the former by an almost continuous belt

of volcanic rocks. The t\vo zones of mica schist will be treatecl sepa
rate!�'.
(l) This zone extends for over 50 km in a north-south direction
along the southwestern flank of the Bindal syncline, from the lmn�r
part of Sanddøldalen to Kongsmoen, at the head of Indre Folden
fjord. At this point, the zone has been somewhat reduced in wiclth,
partly owing to changes of facies (medium- to high-grade metam o r ph ic
calcareous sediments gradually become the predominant rocks in the
district north of Lake Øie vatn). From Kongsmoen, follovYing the
south side of Indre Folden fjord in a north\vesterly direction, the zone
of mica schist soon pinches out.
The mica schist is a grey to greenish-grey rock, which may have
glandules and veins of quartz andior calcite. There are two types of
mica schist, one type having quartz and micas as the chief constituents,
the other containing calcite and various lime silicates in addition.
The following minerals have been found: quartz, plagioclase, bio-
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Fig. 11. Geological map of the southwestern part of the Bindal syncline.
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tite, muscovite, cyanite, staurolite, almandite, hornblende, diopsidic
pyroxene, zoisite, clinozoisite, epidote, calcite, tourmaline, titanite,
zircon, apatite, pyrite and magnetite.
The quartz may exhibit strong undulatory extinction.
The plagioclase is present in highly varying quantities, and may
also be entirely absent. The composition of the plagioclase lies between
An20 and An40. Twinning according to the albite and pericline laws is
common, while zoning is very rarely seen.
The biotite occurs in relatively large individuals. Most of the
biotite belongs to the common brown type. It has the pleochroism:
X pale yellow, Y = Z brown to yellowish brown. Occasionally, a
green type may be found. The pleochroism of the latter is X colorless,
Y = Z pale green. The biotite often contains inclusions of zircon, to
some extent also tiny prisms of clinozoisite or zoisite, all of which are
surrounded by brown to dark-brown pleochroic halos.
The muscovite, when present, may be found in parallel growth
with biotite.
The occurrence of cyanite, staurolite and almandite is mainly
restricted to a narrow zone along the western boundary of the Bindal
syncline between Grong railway station and Høylandet church. All
three minerals are usually found as porphyroblasts. The cyanite may
form prisms measuring up to 4-5 mm in length. The staurolite occurs
as dark-reddish-brown, short-prismatic crystals attaining a size of up
to 2-3 mm. In thin section, the mineral is distinctly pleochroic,
with X colorless, Z golden yellow. The almandite is found in up to l cm
large grains, which may contain inclusions of other minerals.
The hornblende may become an important constituent of rock
types that are transitional to the lime silicate gneisses. The mineral
occurs as long-prismatic, more or less poikiloblastic crystals mea
suring up to 0.5 cm, very occasionally up to 2 cm in length. The
pleochroism is usually relatively strong, with X yellowish green, Y
green, Z green to bluish green. The optic angle is large about X.
The diopsidic pyroxene, when rarely present, is colorless in thin
section.
The zoisite and clinozoisite are common minor constituents of the
calcite- and lime silicate-bearing types of the mica schist. Epidote, on
the other hand, is of rare occurrence.
The content of calcite is subject to great variations.
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Regarding the accessory minerals, tourmaline is present in most
thin sections. The grains, tiny prisms measuring up to 0.5 mm in
length, are strongly pleochroic, with X colorless,

Z

green to brownish

green. Titanite is mostly absent, whereas zircon and apatite are com
mon. Pyrite and magnetite form small grains in some thin sections.

i2) As referred to in brief above, this zone of mica schist is separated
from the lower one by an almost continuous, arcuated belt of volcanic
rocks. which also approximately marks the termination of the Bindal
granite massif towards the west and south. The first traces of this
upper zone of mica schist are found at the southern tip of the massif,
where the strata are deflected from due north to east-west. The zone
continues in a northeasterly direction, slowly increasing in width.
The mineral composition of the rock concerned may be quite
simple, with quartz, muscovite and biotite as the chief constituents.
In other cases, the mica schist is lime silicate-bearing, with a dark
hornblende as the characteristic mineral.

Gneiss
Rocks with a typical gneiss structure, representing metamorphosed
arenaceous and marly sediments, have been found at several places in
the Bindal syncline.

They may be classified under three heads:

quartzofeldspathic gneiss, micaceous gneiss and lime silicate gneiss.

Quartzofeldspathic Gneiss
The gneiss may be subdivided into three types. Two of these types
(Nos. l and

2

in the following description) occur in a

50

m thick zone

on the western slope of the mountain of Holandsfjell, in the Foldereid
district. The two types, which are intimately connected in the field,
occur here as alternating darker and lighter bands and layers, thus
indicating a primary bedding (Fig.

12) .

Associated with these origi

nally clastic sediments may also be found intervening layers of meta
morphosed acid lavas (Fig.
a

13).

The third type, apparently occurring

little higher in the supracrustal series, forms a thin zone in the eastern

part of the syncline.

l. This gneiss type is a grey, fine- to medium-grained rock compo
sed chiefl y of quartz and feldspars (microcline and oligoclase). Although

TOR BIRKELA�D

376

Fig. 12. Bedding in quartzofeldspathic gneiss.
From the western slope of the mountain of Holandsfjell
(684 m), east of Foldereid.

scattered, larger grains (of granitic composition) may have retained
their clastic character, the rock is otherwise completely recrystallized.
Additional constituent minerals are biotite and muscovite, which
both occur in small flakes. The biotite has the pleochroism: X colorless,

Y

=

Z pale brownish green,

the latter color becoming yellowish brown

around inclusions of zircon. Accessories are zircon, apatite and magne
tite.

2. This gneiss is greenish grey in color. The grain size is usually
less than 0.5 mm, while sporadic prisms of green amphibole may
attain a size of up to 2.5 mm. These minerals have been found: quartz,
plagioclase, amphibole, biotite, epidote, zircon and magnetite.
The quartz occurs in very small individuals.
The plagioclase is basic oligoclase. It occurs in small, angular
grams.
The amphibole, which must be rather actinolitic in composition,
has the pleochroism: X almost colorless,

Z

pale bluish green.
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Fig. 13. Alternation between quartzofeldspathic gneiss (light grey) and meta
dacite (darker grey). From the western slope of the mountain of Holandsfjell
(684 m), east of Foldereid.

The biotite is found in small flakes, which are evenly distributed
throughout the rock. The pleochroism is: X colorless, Y

=

Z

pale

brownish green, becoming yellowish-brown around inclusions of zir
con ( or epidote).
The epidote (often with a core of orthite-epidote) has pale yellow
ish-green coloring. It occurs in small prisms varying in size between

O.l and 0.5 mm.
3. This rock is a grey, fine-grained gneiss. Quartz and plagioclase
are the main components. The plagioclase, which is basic oligoclase,
forms small, subisometric grains. Other minerals are biotite, clino
zoisite and garnet. The biotite has the pleochroism: X pale yellow,

Y

=

Z

brown. Inclusions of zircon are surrounded by intense pleo

chroic halos. The clinozoisite (frequently with a core of orthite-epidote)
is found in small, slender prisms. The garnet (probably almandite)
occurs in small, homogeneous grains with badly shaped crystal out
lines. Accessory minc:rals are zircon, apatite and magnetite.
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Micaceous Gneiss
Micaceous gneiss form�; part of a relatively broad zone of metase
diments on the southeast side of the Bindal granite massif. These
metasediments, which also include quartzite, mica schist, quartzo
feldspathic gneiss, lime silicate gneiss and crystalline limestone, have
been invaded by innumerable, small and large sill-like bodies of foli
ated granite and granodiorite.
The micaceous gneiss is grey to darker grey, medium- to fine
grained, with a strongly defined secondary foliation. Quartz, oligo
clase (An2;;_30) and brown biotite are the main constituents. Other
minerals which may be found are muscovite, garnet (probably alman
dite) and clinozoisite. Accessories are zircon, apatite, pyrite and
ma.gnetite.
Lime Silicate Gneiss
Larger occurrences of lime silicate-bearing gneissic rocks are mainly
known from the district around the inner part of Indre Folden fjord.
The lime silicate gneisses may be divided into two groups: those
with hornblende, and those with diopsidic pyroxene as essential dark
constituents. \Vith an increase in the amount of hornblende, the mem
bers of the former group pass into amphibolitic rocks. In these gneis
ses there may occur thin layers of mica schist (biotite- and almandite
bearing), as well as beds varying in thickness, of crystalline limes tone
and dolomite. The layers of almandite-biotite schist are always sepa
rated from the diopside gneiss by layers rich in hornblende (Fig. 14).
l. Hornblende-bearing gneiss (in part amphibolite).

The members of this group are dark-colored, medium-grained rocks.
The foliation is usually distinct, being less conspicuous in the amphi
bolitic type. Hornblende and plagioclase are the chief components.
The hornblende is dark green to green.ish black in specimen.. U1�der
the microscope, it is different shades of green. In a sample of a garnet
bearing amphibolite taken from a road-cut n.ear Sjølstad, a little west
of Foldereid, the following optical properties were determined: Ng =
1.686,Np = 1.664, Ng-Np =0.022, Zt,c = 17°, (-2V) =ca. 80�.
The plagioclase is andesine or labradorite (An30 to An6 0). Twinning
on the albite and pericline laws is common.
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Other minerals which occur in varying qum,tities (they may also
be absent), are brovvn biotite, garnet (almandite) and quartz. Acces
sory minerals are titarite, zircon, apatite, pyrite and magnctite.
2. Diopside-bearing gneiss.
}fegascopically, the member:o of this group are greenish-grey,
medium-grained rocks. Diopside and plagioclase are the chief rninerals.

In several places, however, hornblende may become an important
component of the rock (Fig. 15). Further, these minerals have been
fonnd: potash feldspar, biotite, qnartz, garnet, tremolite and calcite.
The diopside is greyish green to dark greea in specimen. In thin
section, it is colorless to pale greenish grey, with no vic.ible pleoch
roism. The diopsicle is biaxial positive with Kg= 1.712-1.730, i'Jp �=
1.685-1.707, Kg-�p
0. 02 7-0 . 0 2 3, Zrc
42"-44°, (+2V) =�ca.
t)Oc, corresponcling to a cliopsicle \vith an approximate cornpo�•ition
ranging from Di,2He28 to DiHHe06.
The plagioclase is andes ine or labraclorite (An30 to An70). It is
ahvays twinnecl, primarily 2.fter the albite and pericline laws. Zoning
n1a,· occur.
=

=
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Fig. 15.

Lime silicate gneiss with a!ternating thin layers rich in diopside and

garnet (light) ane! horn blende (dark).::\ atura] size. From Tepling, ESE of Foldereid

The hornblende is usually greenish black in specimen. Under the
microscope, it is distinctly pleochroic, with X yellowish green,

Y

green to brownish green, Z brownish green to dark green. The mineral
is

biaxial

Ng-Np

=

negative

with

0.019-0.020,

The potash feldspar,

Ng

Zt.c

1.682-1.685,
17°-20°, 2V is

=

=

Np

=

1.663-1.665,

large about X.

which is microcline, usually forms small

irregular grains in the interstice�

between the other constituent

minerals.
The biotite has the pleochroism: X pale yellow, Y

=

Z reddish

brown to dark brown, assuming darker colors around inclusions of zircon.
The quartz may occur as distinct grains show.ing undulatory extinc
tion, or it may form thin lense:; and veins in the rock.
The garnet is not common.ly found. In rare cases, garnet may form
small, irregular masses measuring up to

10

cm in size. The color of the

garnet is deep brownish red. The index of refraction is fairly constant :
N

=

1.77-1.78,

which probably defines a garnet comparatively rich in

the grossularite molecule.
The tremolite, when occasionally present, occurs in colorless long
prismatic crystals.
The calcite always occurs in insignificant amounts, or it may not

be found at all.
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Other minerals sometimes observed are: scapolite, epidote and
clinozoisite. The scapolite is a mizzonite with

60-70

per cent of the

meionite molecule.
Accessory minerals are titanite, zircon, apatite, pyrite, pyrrhotite
and magnetite. In addition, tourmaline has been noted a few times.

Crystalline Limestone and Dolomite
Crystalline limestone is widely distributed within the Bindal syn
dine. The thickness of the strata ranges from some few decimeters up
to

50

meters or more. The greatest apparent thicknesses seem to exist

between Kongsmoen and Tepling, on the north side of the inner part
of Indre Folden fjord.
The crystalline limestone is a medium-grained rock. The color is
mostly greyish white. Besides calcite, the following minerals have
been found: diopside, hornblende (rare), tremolite, phlogopite, biotite,
plagioclase (An25 to An50), microcline, quartz, epidote and scapolite
(Ma40_25 Me60_75). Common accessories are: titanite, zircon, apatite,
pyrite and pyrrhotite. Less common are tourmaline, graphite and
magnetite.
Dolom1te-marble has been found in a few places only. The masses
are comparatively small in size. The dolomite-marble is a medium
grained rock, pure white in color. In addition to dolomite (the main
constituent) have been observed diopside, tremolite, and quartz. In a
sample from Steviken, west of Foldereid, which contained white
diopside and tremolite (the latter occurring in bundles of colorless

needle-like crystals), the following optical properties were determined:
Diopside.
Tremolite.

Ng
Ng

=
=

1.695,
1.630,

Np
Np

=
=

1.666,
1.605,

0.029, ZAc = 40°
0.025, Zr,c = lT
(pp. 226 and 246),

Ng-Np

=

Ng-Np

=

which, according to the diagrams of WrNCHELL

correspond very closely to pure diopside and tremolite, respectively.

lgneous Rocks
Vo l c a n i c

Ro c k s

Apart from a smaller tongue-shaped zone of greenstone and green
schist covering the eastern slope of the Tømmerås Mountain, east of
Grong railway station, volcanic rocks have not previously bee-n known

382

TOR BIRKELAND

Fig. 16. View of the Kolbotn district looking north. The Kolbotn inlet in the
left middle ground and the mountain Heilhornet (1063 m) in the background.
Granite (Gr) in the precipice in the upper, right corner. Metadacite (l\Id) and
metabasalt (Mb) in the foreground and to the left.
from the region under consideration (the roch of the zone just menti
oned, representing the southwestern continuation of the extended
masses of low-grade metamorphic basic lavas and pyroclastics of the
Grong district proper, will not be dealt with in this paper). Now on
the east side of the Kolbotn inlet, between Sør fjord and the inner part
of Indre Folden fjord, occurs a thick zone of a basic igneous rock which
on older geological maps has erroneously been termed gabbro. During
the writer's field investigations in the summer of

1946,

it was fully

ascertained that the said rock actually represents a comparatively
slightly altered (uralitized) basaltic lava, a metabasalt after the ter
minology of some petrologists. Most unexpectedly, however, was the
finding of a thin zone of surprisingly well-preserved acid (dacitic)
volcanic rocks overlying the metabasalt. The whole complex of lavas
is ovnlain by a large intrusive mass of porphyritic granite.
Subsequent field investigations, carried out by the writer in the
summers of

1950, 1951, 1952

and

1955,

have proved that metamor-
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Fig. 17. Silis of trondheimite in metabasalt. From the western precipice of the
mountain Strømshatten, on the east side of Kolstrømmen, Kolbotn.

phosed dacitic (rarely andesitic) lava-s form the greater part of a zone
of volcanic and other supracrustal rocks which can be followed south
wards from the Kolbotn district along most of the western boundary
of the Bindal granite massif, a distance of about 50 km. From the
southern tip of thi5 massif, the zone of altered acid lavas continues in
a northeasterly direction towards the Namsen river, where it finally

crosses the river at a point about 10 km NNE of Harran church.
In the summer of 1955, during a short stay in the Foldereid
district, the writer, again most unexpectedly, found another thick
zone of volcanic rocks. The zone, which is situated on the west side
of the Kolbotn inlet and below the metabasalt of the same district,
consists chiefly of metamorphosed dacitic lavas, occasionally with
intervening, thin sheet-like masses of basic lava types. The fact that
these lavas, from a point northwest of Foldereid church and north
wards for several kilometers, are in immediate contact with the base
ment complex, presents an interesting stratigraphical problem, which
will be discussed elsewhere in this paper.
Besides the various lava types (pyroclastic sediments are rarely
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Sill-like intrusion of trondheimite in metabasalt with inclusions of

the latter rock.

From the western slope of the mountain of Holandsfjell,
east of Foldereid.

met with), beds of quartzite, quartzofeldspathic gneiss, lime '3ilicate
gneiss and crystalline limestone may occur. Here and the_re, this
complex of principally volcanic rocks has been intruded by greater
or lesser masses of trondheimite, granodiorite and granite (Fig:::. 17
and 18).
Metabasalt
The metabasalt is dark green in color, and has a weakly to mode
rately developed parallel structure. The texture rnay be blastoporphy
ritic or nonporphyritic.
In the blastoporphyritic type, relatively large prisms of a pale
green amphibole (0.5-1.5 mm in length) are embedded in a ground
mass (grain size 0.05--0.2 mm) composed of basic plagioclase and
scattered grains of amphibole. The amphibole individuals, which have
in many cases retained the crystal outlines of the original pyroxene,
are usually haphazardly arranged and may sometimes be aggregated
in clusters.
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In the nonporphyritic type, the individual grains are practically
equi-dimensional, the graim: of plagioclase ranging in size from 0. 2 to
0.4 mm, tho�e of amphibole and (rare) diopsidic pyroxene from 0. 2
to 1.0 mm.
The amphibole is weakly pleochroic, with X colorless to pale
yellowish green, Y pale green, Z pale green. In a sample taken from
the slope about half-way between Holandsfjell and Kolbænken, north
east of Foldereid, the following optical properties were determined:
Ng
1.660, Np
1.636, �g-Np
0.024, ZAc
17°, which pro
bably correspond to an amphibole with dominating actinolite molecule.
The diopsidic pyroxene, which is colorless in thin section with no
visible pleochroism, may be found both as distinct prisms showing
more or less alteration to uralite, and as oriented tiny patches in the
amphibole. The following optical properties were determined in a
specimen collected from the above-mentioned locality: Ng
1.713,
Np
1.686, Ng-Np
0.027.
The plagioclase is usually bytownite (Ng
1.580), but may same
times have a composition corresponding to acid anorthite (Ng
1.584). Multiple twinning on the albite and pericline laws is common.
In both rock types small amounts of serpentine (antigorite) may
occur, possibly representing an alteration product after olivine.
Garnet has occasionally been found, but is mostly absent. It
forms porphyroblasts (of size up to 1.0 cm) with well-defined crystal
boundaries, containing numerous inclusions of amphibole and plagio
clase.
Epidote is absent as a rock-forming mineral, but may be found
together with diopsidic pyroxene, basic plagioclase, amphibole and
garnet in small, lenticular aggregates in the metabasalt.
Accessory mineral is magnetitt:.
=

=

=

=

=

=

=

=

=

Metadacite
The metadacite exhibits a moderate to strong foliation, partly
inherited from a primary flow structure, partly representing a secon
dary schistosity. Where the latter predominates, the metadacite
becomes more gneissic in appearance.
The texture is porphyritic, with megascopically visible pheno
crysts of o ne or more of the minerals: plagioclase, hornblende and
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biotite (Pl. Il, fig. 2). Rarely are phenocrysts of quartz, or blastopor
phyritic grains of actinolitic amphibole (uralite) found. The ratio of
phenocrysts to groundmass is very variable. In the same specimen
may be found phenocrysts (for instance of plagioclase) ranging in size
from 0.2 to 5-6 mm, although, as a rule, the lower limit of the pheno
crysts may be set to about 0.5 mm, the grains of smaller dimensions
therefore belonging to the groundmass. The latter may be extremely
fine-grained: grains attaining a size of 0.05 mm or less have been
observed. In the groundmass, the constituent minerals usually form
a microgranular aggregate of irregular grains.
Common accessory minerals are zircon, apatite and magnetite.
The following accessory constituents occur only occasionally: potash
feldspar (microcline), titanite and pyrite. Secondary minerals are
actinolitic amphibole, epidote or clinozoisite, garnet, chlorite and
muscovite.
On the basis of the dark constituents, the metadacite may be
clivided into (l) biotite-bearing, (2) hornblende-biotite-bearing, and
(3) uralite-hornblende-biotite-bearing rock types.
(l) Biotite-bearing type. Plagioclase, quartz and biotite are the
chief constituents.
The quartz is present only as a groundmass mineral. It shows
undulatory extinction.
The plagioclase occurs both as phenocrysts (which are tabular in
form) and in the groundmass. Polysynthetic twinning on the albite
law is common. Very aften this is associated with pericline twinning.
The composition of the plagioclase varies from An25 _30 to An40 (basic
oligoclase to intermediate anclesine) .
The biotite is primarily a mineral of the groundmass. It is strongly
pleochroic, and reddish brown to dark brown in color. In.clusions of
zircon are surrounded by the usual pleochroic halos.
Potash feldspar (microcline) , vvhen occasionally present, forms
minute, interstitial grains in the groundmass.
Other minerals (of a seconclary origin) are epidote or clinozoisite,
muscovite (sericite) and garnet. The garnet occurs in badly terminated
crvstals.
(2) Homblende-biotite-bearing type. The essential minerals an'
plagioclase, hornblende, biotite and quartz. The plagioclase and horn
blende occur both as phenocrysts and in the groundmass, the biotite
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occa:-ionally forms phenocrysts, while the quartz is principally a mine
ral of the groundmass.
The quartz may show strong undulatory extinction.
The plagioclase is oligoclase or andesine (An25 to An40). Pheno
crysts exhibiting zonal growth have been observed. Twinning on the
albite law, associated with pericline twins, is common. The plagioclase
may be somewhat sericitized, while it is usually free of saussuritization.
The hornblende is greenish black in specimen. Under the micro
scope, it is distinctly pleochroic, with X pale green, Y green, Z bluish
green. The hornblende phenocrysts may show simple twinning.
The biotite is brown by transmitted light, and strongly pleochroic.
Inclusions of zircon with pleochroic halos are common.
Secondary minerals are epidote or clinozoisite (both sometimes
with cores of orthite-epidote), chlorite and muscovite (sericite).
(3) Uralite-hornblende-biotite-bearing type. Phenocrysts of the
following minerals occur: plagioclase, quartz, hornblende and biotite,
besideo which are found smaller, blastoporphyritic grains of actino
litic amphibole (uralite). In the groundmass these minerals occur:
quartz, plagioclase, biotite, actinolitic amphibole and potash feldspar.
The quartz often shows strong undulatory extinction.
The plagioclase is andesine (An30_40). Megascopically, the plagio
clase phenocrysts can be seen to be greyish-white, glassy, tabular
individuah, set in a matrix of fine grain. Under the microscope, they
frequently show rectangular cross sections. Twinning is as in the
preceding types. Some of the phenocrysts may contain small, opti
cally oriented insets of potash feldspar,

the latter mineral being

now and then also found as a thin mantle around the larger grains
of plagioclase.
The hornblende has the pleochroism: X yellowish green, Y brown
ish green, Z bluish green. In a sample collected from the western
slope of the mountain of Holandsfjell, east of Foldereid, the horn
blende was found to have Ng
1.675. The phenocrysts are usually
surrounded by a rim of actinolitic amphibole. Otherwise, the two
minerals may have grown together in such a way that hornblende
forms cores in grains of actinolitic amphibole.
The actinolitic amphibole is doubtless a uralite, but no traces of
the original pyroxene have been found. The amphibole is weakly
pleochroic in pale-green tones.
=

TOR BIRKELAND

388

The biotite is principally a mineral of the groundmass, but may
also be found as phenocrysts (up to l mm across). It is brown in color,
and strongly pleochroic.
The potash feldspar, which is microcline, occurs in small amounts.
Secondary minerals are actinolitic amphibole and epidote, the
latter often with cores of orthite-epidote.
�VIeta-andesite

Rocks of this kind are rarely met with. A sample was collected on
the west side of a little bog between Tepling farm and Tepling summer
outfarm, east of Foldereid. In color, the rock is somewhat darker than
the metadacite on account of abundant greenish-black hornblende.
The texture is porphyritic, with phenocrysts of plagioclase, hornblende
and biotite (up to 2 mm in length) set in a groundmass of the same
minerals (grain size varying between 0.02 and O.l mm). The rock is
distinctly foliated.
Quartz is present only in very small amounts. It shows strong
undulatory extinction.
The plagioclase is basic andesine (An45). Twinning on the albite
law, usually associated with pericline twinning, is common. The felds
par phenocrysts are tabular in form, and may show rectangular out

lines. In the groundmass, the plagioclase individuals are often lath
shaped.
The hornblende has the following optical properties: Ng
1.680,
::\p
1.664, Ng-Np
0.016, Z11c
18°. The pleochroism is dis
tinet, with X pale yellowish green, Y brownish green, Z green.
The biotite is brown to reddish brown in color, and strongly
pleochroic. Inclusions of zircon with intense pleochroic halos occur.
Secondary epidote (with cores of orthite-epidote) forms small
grams.
Accessory minerals, besides quartz, are titanite, zircon, apatite,
magneti te and pyrite.
=

=

=

=

Tu ff

So far, pyroclastic sediments have not been found outside a small
area in th e zone of altered dacitic lavas on the western slope of the
mountain of Skarlandsfjell, in the district of Høylandet. Only tuffa-
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ceous rocks occur. They are grey to dark grey in color, fine-grained,
and usually stratified. The microscope shows numerous, relatively
large plagioclase fragments and scattered flakes of brown biotite,
which are embedded in a very fine-grained matrix (grain size about
0.01 mm or less) composed chiefly of quartz and biotite. The pl agio
el ase (oligoclase or andesine) often takes the form of laths. Twinning
is common. Some few feldspar grains may also exhibit zonal growth.
Other minerals, found in small or accessory quantities, are muscovite,
garnet, zoisite, epidote, tourmaline, zircon, apatite and magnetite.
ln t r u s ive R o cks
Serpentine

Altogether 6 sm:=dl masses of serpentine have been found within
the Bindal syncline. 5 bodies occur on the isthmus between the Kol
botn inlet and Indre Folden fjord. Of these, two small bodies (10-15 m
in length) appear along the seashore between Bleksviken and Folder
eid, here penetrating the Cambro-Ordovician metasediments at
points very near the contact with the basement complex. The three
other bodies occur in the zone of metabasalt northeast of Foldereid.
Two of them are each about 100 m, the third about 250 m in length.
The sixth body of serpentine, which has a length of about 10 m, wc:.s
found in the zone of metadacite north of the mountain of Aurstacl
fjell, in the Harran district.
A sample taken from one of the above-mentioned three bodie�;
occurring in the zone of metabasalt, had the following mineral com
position: olivine, antigorite (secondary after olivine), actinolite and
magnetite. The actinolite, which is very poor in iron, might possibly
be interpreted as an alteration product of pyroxene.
Saxonite

A small body (about 10 m in length) of a rock of this kind was
found in the zone of metadacite just west of the mountain of Holands
fjell, in the Foldereid district. It is a dark-green, medium-grained
rock, composed essentially of olivine and hypersthene, and their alter
ation product, antigorite.
The olivine, which may be strongly serpentinized, occurs in ill-
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defined crystals measuring from 2 to 5 mm across. The following
optical properties were determiEed: Ng
1.692, Np
1.655, Ng-Np
0.037. According to the diagram of WINCHELL (p. 191), these figures
correspond to an olivine with about 10 per cent of the fayalite molecule.
The hypersthene appears in haphazardly oriented, relatively broad
prismatic crystals, which may attain a length of up to 2 mm. Under
the microscope, the mineral is pale reddish with no visible pleoch
roism. It has a large optic angle, with Ng
1.686, Np
1.676,
Ng-Np
0.010. In the diagram cf WINCHELL (p. 218), these data
correspond to a hypersthene with about 16 per cent of Fe-silicate.
The hypersthene is generally quite fresh, but some individual grains
may have been more or less altered to bastite.
Antigorite occurs, as already mentioned, as a secondary mineral
after olivine and hypersthene.
Other minerals present are spinel and magnetite. The spinel is dark
yellowish brown in thin section, and is therefore probably picotite. It
occurs partly in extremely small, rounded grains.
=

=

=

=

=

=

Gabbro

Small, isolated bodies of gabbro have been found in various places
within the Bindal syncline. In addition, a large mass of the same rock
occurs east of the N amsen river, here making up the high mountain
Heimdalshaugene, at the southeastern corner of the map, Fig. 11.
The gabbro is dark-colored, medium-grained, and usually massive.
Sometimes, however, it may be strongly foliated, and should then be
termed amphibolite. Plagioclase and green amphibole are the main
constituents.
The plagioclase may be more or less saussuritized and sericitized.
The composition varies from intermediate andesine to acid oligoclase.
The amphibole has the pleochroism: X yellowish green to almost
colorless, Z bluish green to pale green. According to its optical cha
rader, there can be no doubt as to the secondary development of this
mineral, which has been formed at the expense of the primary py
roxene.
Other minerals which occur in subordinate or accessory amounts
are chlorite, epidote, clinozoisite, sericite, biotite, quartz, titanite,
apatite, rutile, pyrite and magnetite.
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A c i d I n t r u s i v e s o u t s i d e t h e Bin d al
G r a n i t e Ma s s i f

Quartz-diorite
zone of quartz-diorite occurs northeast of Gartland, in the
Harran district. The zone, which runs approximately parallel to the
�amsen river, has a length of about 30 km and a width of 2 to 4 km.
In the main rock may be found smaller, usually concordant, narrow
bodies of gabbro, amphibolite, trondheimite and granodiorite. The
quartz-diorite is a dark-grey, medium-grained, distinctly foliated rock,
with quartz, plagioclase, hornblende and biotite as the principal
constituents.
The quartz shows strong undulatory extinction. The plagioclase
is oligoclase or andesine (An25 to And. The hornblende is of the
common green type. The biotite is brown, and strongly pleochroic.
Minor constituents are muscovite, epidote (or clinozoisite), titanite,
orthite-epidote, z1rcon, apatite and pyrite.
A

Trondheimite

A larger massif of this rock occurs in the area southeast of the
Namsen river. Trondheimite may also be found as veins, sills and
other r.arrow intrusions in the above-mentioned zone of quartz
diorite, as well as in the complex of metasediments and metavolcanics.
The trondheimite is light grey, medium-grained, and often distinctly
foliated. These minerals have been observed: quartz, plagioclase,
biotite, muscovite, epidote, titani te, orthi te ep idote , zircon, apatite
and pyrite.
The quartz exhibits strong undulatory extinction. The plagioclase
is basic oligoclase. Scattered plagioclase crystals may attain a size of
up to 6 mm, giving the rock a faintly porphyritic texture. The biotite
is brown, and strongly pleochroic. The muscovite occurs in small
flakes, while the epidote forms small, irregular grains, which may have
cores of orthite-epidote.
-

Trondheimite Porphyrite
This rock occurs as veins and s11ls in the supracrustal complEx.
:VIegascopically, it is a light-grey, medium- to fine-grained rock. The
microscope shows a porphyritic texture with phenocrysts of plagio-
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clase and sometimes phenocrysts of quartz and biotite in a groundmass
of the same minerals.
The plagioclase is acid andesine. Potash feldspar (microcline) is
present only in subordinate amounts. The biotite is strongly pleo
chroic, and reddish brown to dark brown in color. Muscovite forms
relatively large, scattered flakes in some thin sections. Common acces
sory minerals are zircon and apatite. Occasionally, tourmaline, orthite
epidote and magnetite may be found in addition.

Granodiorite

This rock forms narrow dikes and sills in the supracrustal complex.
It is a grey to light-grey, medium- to finer-grained rock. The chief
minerals are quartz, plagioclase and potash feldspar.
The plagioclase is oligoclase (An20 to An30). The potash feldspar
is microcline or microcline microperthite. Biotite is the principal
dark constituent. In rare cases, a colorless diopsidic pyroxene may
be found. Accessory minerals are titanite, zircon, apatite and
magnetite.
A sample taken from a dike (10-15 cm thick) in a road-cut near
Sjølstad, 5 km west of Foldereid church, shows abundant black tour
maline and a little garnet. The tourmaline, which occurs in up to 3 cm
long prismatie crystals, has the following optical properties: No
1.662, Ne
1 6 38, No-Ne
0.024. It shows the pleochroism: X pale
reddish, Z bluish green. The tourmaline is probably an iron-rich
member of the schorlite-dravite series. The garnet forms small, homo
geneous crystals which may be up to l mm across.
=

=

.

=

Granodiorite Porphyry

Two rock types can be distinguished: one type with biotite, and
the other with hornblende as essential dark constituents.
l. Biotite-bearing type. This rock has been found as narrow sills
in the metasediments and metavolcanics of the Foldereid-Kolbotn
district. It is grey to light grey and porphyritic, with phenocrysts of
plagioclase and quartz, and sometimes phenocrysts of potash feldspar
and biotite in a fine-grained groundmass made up of quartz, plagio
clase, potash feldspar and biotite.
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The quartz forms phenocrysts which may be up to 3 and 4 mm in
diameter.
The plagioclase is basic oligoclase. The phenocrysts may attain a
length of 6 mm or more. Myrmecite occurs in small amounts.
The potash feldspar is microcline or microcline microperthite. The
phenocrysts, when present, may attain a maximum length of about l cm.
The biotite is present in varying amounts. It is reddish brown to
dark brown, and strongly pleochroic.
:Minor constituents are titanite, orthite-epidote, zircon, apatite and
magnetite.
2. Hornblende-bearing type. This rock occurs as a thick sill-like
mass penetrating the zone of altered lavas on the western slope of the
mountain of Holandsfjell, in the Foldereid district. It is a darker-grey,
medium-grained rock. Quartz, plagioclase, potash feldspar, hornblende
and biotite are the main constituents, all of which occur in two gene
rations.
The plagioclase is basic oligoclase (An28). The phenocrysts (up to
3 mm in size) may contain small insets of potash feldspar.
The potash feldspar is microcline. Along the edges of the large and
medium-sized microcline phenocrysts (up to l cm in length) may be
found numerous grains of a coarse myrmecite.
The hornblende is of the common green type.
The biotitc is brown, and strongly pleochroic.
Diopsidic pyroxene and epidote occur in small amounts, the former
being found as cores in the hornblende.
Accessories are tit2.nite,orthite-epidote, zircon, apatite andmagnetite-

Granite

Granite has been found a few times as narrow intrusive bodies in
the supracrustal complex. It is a light-grey, medium-grained rock
with quartz, microcline and acid oligoclase as the principal constitu
ents. Biotite and muscovite occur in small amounts. Accessory mine
rals are titanite, zircon, apatite, pyrite and magnetite.
T h e B i n d a l Gr a n i t e M a s s i f
Th1s massif is a composite intrusion consisting (within the present
of (l) an outer, not too well-defined zone of medium-grained
granitic rocks, and (2) a more central, large body of coarse-grained,
are a)
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porphyritic granite. The outer zone varies considerably in width,
from zero to several kilometers. It is thus completely lacking along a
greater part of the southwestern boundary of the massif, from a point
opposite Lake Øie vatn to Sør fjord, where, in its stead, the body of
porphyritic granite is in immediate contact with the underlying
complex of metasediments and metavolcanics.
(l) In the outer zone of the Bindal massif granodioritic types
predominate. True granites have been found only locally. A charac
teristic structural feature of these intrusives is the occurrence of
numerous, small flake-like masses of country rock, all of which are
concordant with the foliation of the enclosing pluton. Outside the
massif, in a belt of varying breadth, the adjacent country rocks have
been injected by innumerable bodies (veins, sills, etc.), varying in
thickness, of principally granodioritic composition. Typical migma
tites are especially common on the south and southeast side of the
massif.
The granodiorites and granites of the outer zone are light-colored,
medium- to fine-grained rocks, which may be strongly foliated. Some
times a typical mortar texture has been developed. The chief consti
tuents are quartz, potash feldspar, acid plagioclase and biotite.
The quartz often shows strong undulatory extinction.
The po ta sh feldspar is usually microcline, less frequently microcline
m icroperthite.
The plagioclase is intermediate oligoclase. It may contain tiny
insets of potash feldspar. Myrmecite is present in small amounts.
The biotite, which occurs as small, ragged individuals, is brown to
reddish brown, and strongly pleochroic.
Other mi ne ra ls mostly occurring in subordinate quantities, are
muscovite, chlorite (secondary after biotite) and epidote.
Accessories are titanite, orthite-epidote, zircon, apatite and magne
tite.
(2) The intrusive rock which makes up this part of the Bindal
massif is a grey to light-grey granite of coarse to very coarse grain.
It is porphyritic with tabular crystals of feldspar, chiefly potash
feldspar (of size up to 5.0 by 2.5 by 1.5 cm), in a finer groundmass
composed of quartz, potash feldspar, acid plagiodase and biotite. Less
important constituents are hornblende and diopsidic pyroxene. Occa
sionally, the granite may be crushed and mylonitized.
,
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The quartz may show strong undulatory extinction.
The potash feldspar is partly microcline, partly microcline mic
roperthite. The larger individuals of this mineral often contain small
grains of acid plagioclase, and, conversely, the potash feldspar may be
found as patches and rectangular insets in the plagioclase.
The plagioclase is intermediate oligoclase. Myrmecite occurs m
small quantities.
The biotite is brown, and strongly pleochroic.
The hornblende has the pleochroism: X yellowish green, Y green,
Z bluish green. The optic angle is moderate, with 2V
50°-60°
about X.
The diopsidic pyroxene is weakly pleochroic, and greyish green to
yellowish green in color.
Epidote is present only in insignificant amounts.
Accessories are titanite, zircon, apatite and magnetite.
=

�OTE ON THE :\IINERAL FACIES

The bulk of the sedimentary and volcanic rocks of the Bindal
syncline were no doubt metamorphosed under physical conditions
that correspond to the requirements of the staurolite-cyanite subfacies
of the amphibolite facies (TURNER and VERHOOGEN, op. cit.). It is,
further, highly probable that there exists a dose connection between
the metamorphic development of the supracrustals, and the emplace
ment of the plutonic series of granite and granodiorite. The main
result of the introduction of large quant iti es of granitic magmas into
the geosyncline seems to have been a regional increase of metamorphic
temperature which, together with strong orogenic movements, gave
the whole rock system its final petrographical character.
The mineralogy of the different types of metasediments which
occur within the Bindal syncline will be apparent from the following
assemblages:
l.

Quartzite and quartz schist.
a. Quartz-oligoclase-biotite-muscovite.

2. Quartzofeldspathic gneiss.
a. Quartz-oligoclase-microcline-biotite-muscovite.
b. Quartz-oligoclase-biotite-muscovite-almandite (-epidote).
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Micaceous gneiss.
a. Quartz-oligoclase-biotite-muscovite-almandite (-epidote).

4. Mica schist.
a. Quartz-biotite-muscovite.
b. Quartz-biotite-muscovite-plagioclase-almandite.
c. Quartz-biotite-plagioclase-almandite.
d. Quartz-biotite-plagioclase-almandite-cyanite.
e. Quartz-biotite-muscovite-plagioclase-almandite-staurolitecyanite.
f. Quartz-biotite-muscovite-plagioclase-staurolite-cyanite.
g. Quartz-biohte-plagioclase-staurolite-cyanite-hornblende.
h. Quartz-biotite-plagioclase-epidote-calcite.
i. Quartz-biotite-plagioclase-homblende-epidote-calcite.
j. Quactz-biotite-plagioclase-diopside-zoisite-calcite.
5. Lime silicate gneiss and related amphibolitic rocks.
a. Hornblende-plagioclase (-biotite-almandite-quartz).
b. Hornblende-diopside-plagioclase-biotite.
c. Diopside-hornblende-plagioclase-microcline-calcite.
d. Diopside-tremolite-plagioclase-microcline-biotite.
e. Diopside-plagioclase-microcline-biotite-quartz.
f. Diopside-hornblende-plagioclase-microcline-garnet (grossula
r ite-bearin g) -epidote.
g. Diopside-garnet (grossularite-bearing)-plagioclase (-scapolite
epidote-microcline).
6.

Crystalline limestone and dolomite.
a. Calcite-diopside-plagioclase-microcline-quartz.
b. Dolomite-diopside-tremolite.
c. Dolomite-tremolite.

From the above list it will be seen that the maximum number of
minerals assumed to be in equilibrium is in most of the epidote-free
assemblages five, while in rocks containing epidote (alternatively
clinozoisite or zoisite) as an additional phase it may be raised from
five to six. The appearance of biotite as a sixth constituent of rocks
conforming to the assemblages 4 f and g may possibly be explained
by the strictly limited capacity of Mg to replace Fe in staurolite.
The paragenesis hornblende-cyanite-staurolite is not commonly
found within the region under consideration.
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Equally rare is the assemblage 4 e. Containing altogether seven
mineral phases, including each of the minerals staurolite, cyanite and
almandite, the said association can hardly be considered as being in
equilibrium. Stable parageneses are, for instance, staurolite-cyanite
and cyanite-almandite. They are connected through the following
equation (TuRNER and VERHOOGEN, op. cit., p. 454. See also TH. VoGT,
1927, pp. 437-438) :
3FeA14Si2010(0Hh + 2Si02� �Fe3AL2(Si04)s + 5Al2Si05 + 3H20
Staurolite

Quartz

Almandite

Cyanite

Water

On increase of temperature, the state of equilibrium will be shifted
towards the right. A possible explanation of the assemblage 4 e is,
therefore, that the process whereby cyanite and almandite originated at
the expense of staurolite and quartz has, in some way or other, been
sufficiently retarded as to impede a complete reaction from left to right.
In this connection might be mentioned the fairly common appear
ance of muscovite in the calcite-bearing mica schists which occur
in the southernmost part of the syncline (assemblage 4 h). The para
genesis muscovite-calcite may indicate that chemical equilibrium was
not always attained during the development of the said rocks. Another
explanation would be that the muscovite was formed through retro
gressive metamorphism. At any rate, there is here, in the district south
of the Bindal massif, a decided fall in the metamophic grade of the
altered (chiefly pelitic) sediments from the north towards the south
and southeast.
Besides certain types of mica schist and gneiss, the microcline
bearing lime silicate gneisses and associated marbles represent the
highest stage of metamorphism attained by any rock of sedimentary
origin within the Bindal syncline. It is evident that in rocks of this
kind with an excess of quartz, hornblende, at the prevailing meta
morphic temperature, has been chemically unstable in contact with
calcite, the stable mineral being diopsidic pyroxene (assemblage 5 e).
Above a certain lower limit of temperature, hornblende will react
with calcite and quartz according to the equation:
Ca2(J\Ig, Fe)5(Si, Al)80d0H)2 + 3CaC03 + 2Si02
Calcite Quartz
Hornblende
�=--�5Ca(Mg, Fe)(Si, Al)206 + 3C02 + H20
Diopsidic pyroxene
Gas
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The said reaction has not always proceeded to completion. This is
indicated by the finding of small, pleochroic patches of hornblende in
the larger grains of diopside. Again, in rocks characterized by defi
ciency of quartz, the two minerals may occur alongside in a stable
combination, as exemplified by the assemblages 5 b, c and f.
In this mineral facies, potash feldspar should, hypothetically, be
unstable in the presence of one or more of the minerals staurolite,
.
cyanite and almandite, and, in fact, such parageneses have never been
observed in the mica schists of the Bindal syncline. Nevertheless, the
association garnet-potash feldspar is not uncommon in certain types
of lime silicate rocks which occur in the district between Kongsmoen
and Foldereid, on the north side of the inner part of Indre Folden
fjord. In this case, however, it can be proved that the garnet is not
almandite, but a grossularite-bearing member of the garnet group
(assemblages 5 f and g).
Another feature worth mentioning is the fact that tremolite, in
calcareous rocks of appropriate composition, has been stable up to
the highest metamorphic temperatures known for the area (assem
blage 5 d). Further, there is reason to believe that the upper limit of
the field of stability of epidote has sometimes been passed. This may
possibly be due to the combined effect of high temperature and rela
tively high confining pressurc. Where, however, the rocks have been
subjected to strong compressive stress during a shorter or longer
period of deformation, accompanied by decrease of temperature, an
epidote mineral appears. The igneous rocks show many examples of
th1s approach to the new physical conditions characterized by high
stress and relatively low temperature.
STRATIGRAPHY AND TECTONICS

The geological structure of the Bindal syncline gives evidence of
intense orogenic movements, and extensive, plutonic igneous activity.
The tectonic picture is that of a strongly compressed syncline, the
axis of which dips gently towards the northeast. Southwards, the
syncline goes into the air, being, therefore, detached from the Snåsa
syncline by an east-west oriented "barrier" of the basement complex.
The formation of the geosynclinal belt was probably initiated in
the Cambrian and continued in the Lowcr Ordovician, with the simul-
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taneous deposition of thick strata of pelitic sediments, including clayey
and marly types. Basal conglomerates are unknown from the Bindal
syncline.
The series begins with a mica schist representing a metamorphosed
argillaceous sediment poor in lime. The mica schist, which can be
followed along a considerable part of the western boundary of the
syncline, probably nowhere exceeds 200 m in thickness. Usually the
zone is much thinner. Higher up in the series, a mica schist with abun
dant calcite and lime silicates becomes the predominant rock type.
In addition, thin layers of crystalline limestone and dolomite-marble
may occur here and there. These changes of facies also take place
laterally, the mica schist in the area north of Lake Øie vatn gradually
giving way to more calcareous rocks. The latter are different types of
lime silicate gneiss and associated marbles, which form large masses
in the district around the inner part of Indre Folden fjord.
The said group of metamorphosed sedimentary rocks is succeeded
by a thick series of comparatively slightly altered basaltic and da
citic (rarely andesitic) lavas. They have been termed metabasalt,
metadacite and meta-andesite by the present writer. In the acid
(-intermediate) lavas, beds of dacitic tuff and layers, varying in thick
ness, of various types of metasediments may occur locally.
In the Kolbotn district, north of Foldereid, altogether three indi
vidual horizons of volcanic rocks can be distinguished. Dipping gently
eastwards, these are, from bottom to top (Fig. 16):
l. Lower zone: Mainly altered dacitic lavas. Thickness, 800 m.
Middle zone: Uralitized basalt. Thickness, 1100 m.
3. Upper zone: Altered dacite. Thickness, 75 m.

2.

As will appear from the map, Fig. 11, the lower volcanic zone of
the Kolbotn district is in immediate contact with the basement com
plex, from a point about 2 km northwest of Foldereid church, to
Sør fjord. This fact may be explained in two ways:
a) The contact is an unconformity.
b) The contact is a thrust plane along which younger rocks have been
thrust over older ones.
Now, field observations on the western flank of the syncline prove
the existence of a fault nearly 50 km long, extending southwards
from Arsandøy (at the entrance to the Kolbotn inlet) to a point just
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east of Lake Øie vatn. The fault, approximately following and in
many places coinciding with the western boundary line of the Bindal
granite massif, dips relatively steeply east towards the deeper parts
of the syncline. Actually, this fault is a fault zone, several meters
thick, constituting a system of closely spaced slip planes along which
the rocks have been intensely crushed. Minor faults may or may not
occur a little farther west, but what is important in this connection
is the fact that corresponding faults associated with brecciation and
mylonitization phenomena have never been observed along the con
tact between the Cambro-Ordovician supracrustal rocks and the base
ment complex. As to the origin of the said major fault, there are two
possible explanations. The fault may represent an upthrust, whereby
the eastern block might be imagined to have moved up relative to
an essentially stationary western rock complex. Another explanation
would be that the faulting took place after the main phase of folding,
in a period of increasing tensional stresses. In this case, where the
eastern block is assumed to have moved down, whilst the western
block remained stationary, the term normal or gravity fault might
be used. In the opinion of the present writer, the former explanation
accords best with the observed data.
To sum up, there is nothing to show that thrust movements have
taken place along the western boundary of the Bindal syncline. Conse
quently, the metamorphosed Cambro-Ordovician rocks west of the
major fault must be considered autochthonous or at least parautoch
thonous. The problem concerning the lower volcanic zone of the Kol
botn district is thereby reduced to a purely stratigraphical one. I n
addition, an unconformity might also be suspected to exist between
the acid volcanic rocks farther south, and the underlying Cambro
Ordovician metasediments. However, field observations indicate that
there is actually a passage between the two rock series.
The metabasalt of the Kolbotn district is probably unrelated to
the low-grade basic volcanic rocks (greenstone, greenschist) found,
for example, in the Grong district and in the Trondheim region,
including the Snåsa syncline. Rocks of the latter kind, representing
basic lavas and tuffs which were erupted in great volumes during the
Skiddavian epoch, have been found in widely separated areas of the
Caledonian orogenic zone of northwestern Europe. Slightly younger
than these rocks, but belonging to the same phase of volcanic activity,
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Fig. 19. Cross sections of the southwestern part of the Bindal syncline along
the lines A-A' and B-B' of Fig. 11. Symbols the same as for Fig. 11.

are pro ba bly the altered basaltic and associated dacitic (rarely andesitic)
lavas which occur within the Bindal syncline. From the HølondaHorg district in the Trondheim region, VoGT (1945) has described rock
types which may represent altered andes1tic lavas. They are assumed
to be of Llandeilian age. Volcanic rocks of a similar age, comprising
lavas, tuffs and agglomerates, also occur in various parts of Great
Britain, e. g., in the south of Scotland and in northern England. In
both regions the lavas are mainly andesites.
The volcanic rocks of the Bindal syncline are overlain by a series
of metasediments, including such types as quartzite, mica schist,
gneiss and crystalline limestone. This series constitutes the upper part
of a thick succession of supracrustal rocks which were deposited in
Cambro-Ordovician time under geosynclinal conditions.
During the main phase of the Caledonian orogeny, the geosyncline
was strongly compressed, simultaneously as the eastern limb of the
Bindal syncline was inverted towards the west (Fig. 19). The folding
movements were accompanied by intense intrusive activity, through
which magmas of granitic and granodioritic composition protruded
in large quantities near the central basal part of the syncline. The
Bindal massif is no doubt the result of several successive intrusions
of this kind. The form of the massif is that of a phacolith which
dips towards the east . The dip is low to moderate in the northwest and
west, while it is moderate to relatively steep in the east. The lower side
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of the phacolith runs parallel to, and may sometimes truncate, the
zone of volcanic rocks. Consequently, the upper sedimentary series is
lacking on the west (or normal) limb of the syncline.
In a recent paper, STRAND (1953) has put forward the suggestion
that the geological structure of the Caledonian mountain chain in
southern Nordland and adjoining parts of northern Trøndelag may
be explained as the result of a large-scale overthrusting (see also CHR.
0FTEDAHL, 1956). STRAND distinguishes between two tectonic units:
a western complex made up of granitic intrusives and sedimentary
rocks of relatively high metamorphic grade, and an eastern complex
of less metamorphosed rocks. The former complex, which according
to the same writer has the character of a nappe, overlies the eastern
one, thus indicating a thrust direction from west to east.
To this view, however, objections may be raised. The principal
objection is closely connected with the finding of the above-mentioned
zone of metamorphosed basic and acid lavas. The demonstration of
this zone as constituting a leading stratigraphical level in the series
of supracrustal rocks in the region under consideration, together with
the fact that the same zone, in the Kolbotn district, appears to rest
on the basement complex with a great unconformity, supports
the idea that the rock masses of the Bindal syncline lie essenbally
in situ.

Nevertheless, there can be little doubt that fault movements have
taken place within the boundaries of the syncline. These faultings,
which indicate comparatively small, steeply inclined displacements
(the term upthrust may be used), probably date from a later phase of
the Caledonian orogeny, characterized by intense compressive stresses.
In the southern part of the syncline, the deformation may be pictured
as a compression of rock masses of relatively low competency between
two rigid blocks repre::ented by the Bindal massif, in the west, and
the large intrusive body of the mountain of Heimdalshaugene, in
the east. This would involve a horizontal lengthening of the
rock masses in a northeast-southwest direction. There is also evidence
of strong differential movements. Thus, near Fiskumfoss, in the Har
ran district, more competent masses built up chiefly of acid intrusive
rocks have been pushed southwards over a weaker zone of mica schist.
The thrust, dipping gently to the north, is easily seen in the land
scape on both sides of the Namsen river.
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The Leka District

Leka is a large island situated on the coast just south of the border
between the counties of Nordland and northern Trøndelag. Smaller
islands belonging to the same geological unit are found especially to
the north, southeast and southwest of the principal island.
�lost of the Leka district is occupied by an old intrusive complex
consisting mainly of basic and ultrabasic rock types. Overlying this
complex is a series of younger sediments. The latter, as a result of
intense orogenic pressure, has been forced into a narrow syncline, the
axial plane of which dips steeply towards the southeast (Fig. 20).
THE OLD CO:VIPLEX

The predominant rocks are serpentine and saussurite gabbro. In
the latter, minor intrusions of trondheimite rnay occasionally be found.

Serpentine
Serpentine makes up about two thirds of the island of Leka, and
1s also found in the islets farther west. In the southwestern part of
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Leka, this rock occurs intimately associated with saussurite gabbro
in the form of steeply inclined sheets or narrow lenses.
The serpentine is dark green on fresh fractures, and massive.
Sometimes it may show a banded structure.
The following minerals have been observed: antigorite, amphibole,
diopsidic pyroxene and ore. The antigorite, which is the chief consti
tuent, occurs as blades 0.01 to O.l mm in length. The amphibole forms
small colorless prisms and needles. The pyroxene, when present,
shows alteration to antigorite. It is colorless in thin section. Z11c
ca. 45°. The ore is probably mostly chromite. Olivine has not been
found.
=

Saussurite Gabbro
Saussurite gabbro forms the greater part of eastern Leka, the
whole of Madsøya with neighbouring islets, and the islets of Leknes
øyene.
Megascopically, the saussurite gabbro is a medium-grained rock of
greyish-green color. It is often rather massive, but may also be strongly
foliated.
The rock is always completely saussuritized and uralitized. Amphi
bole and albite are the chief minerals. Other constituents are chlorite,
epidote, zoisite, calcite and quartz. The original plagioclase has been

altered into a mixture of albite, zoisite (epidote) and quartz. The
albite usually exhibits no twinning. The amphibole has the pleoch
roism: X colorless, Z yellowish green to green.

Trondheimite
Trondheimite occurs locally as dikes and other small bodies in the
saussurite gabbro.
The trondheimite is a greyish-white, medium- to fine-grained rock.
It is usually somewhat crushed. This is confirmed by the microscope,
which shows a well-developed mortar texture, with larger angular
grains of albite and quartz set in a fine-grained matrix of the same
minerals. While the larger albite individuals are more or less sericitized,
the albite of the matrix is not (probably a recrystallization pheno
menon). Chlorite is present in small amounts. Accessory minerals are
zircon, apatite and pyrite.
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Fig. 21. Conglomerate. From the ridge Stegafjell, Leka.

THE YOUNGER SERIES

The great bulk of this series is made up of conglomerate and sand
stone. In addition, thin zones of phyllite and crystalline limestone
may occur.
C onglomer ate

The conglomerate attains its maximum thickness in the Stegafjell
area, northeastern Leka, where it is in contact with the underlying
massif of saussurite gabbro. Conglomerate is also found farther south,
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on the islet of Havneholmen. It reappears on the island of Leka and
continues southwestwards as a relatively thin zone which disappears
under the sea at a point about l km northeast of Frøviken.
The conglomerate is distmctly polygenous, with cobbles and
pebbles of different rock types lying more or less densely packed in a
comparatively fine-grained matrix of sandstone character (Fig. 21).
Sandstone may also occur as thin beds in the conglomerate.
Prominent among the larger fragments are cobbles and pebbles
of serpentine. The cobbles may be well rounded, but equally fre
quently it happens that they are not. This is particularly true of the
minor pebbles, which often exhibit angular outlines.
Besides the fragments of serpentine, occur scattered well-worn
cobbles of metagabbro and trondheimite, and ill-defined fragments of
a rock that has been termed quartz porphyrite by the present writer.
The metagabbro differs somewhat in texture and mineral composi
tion from the saussurite gabbro of the old complex. It is medium
grained and unfoliated. The rock consists essentially of albite and
green amphibole. The albite occurs in polysynthetically twinned
lath-shaped individuals. The amphibole has the pleochroism: X pale
yellowish green, Z bluish green. Biotite and chlorite are present in
small amounts.
The trondheimite is a light-colored, medium-grained, massive
rock. Albite and quartz are the principal constituents. The albite is
often strongly sericitized. Some of the albite individuals may contain
numerous, minute grains of epidote. Other minerals which occur are
brown biotite, zircon and apatite.
The quartz porphyrite is light grey on fresh fractures, almost white
on weathered surface. It is very fine-grained, appearing almost dense
in hand specimen. The microscope shows that the rock is porphyritic,
with unoriented lath-shaped phenocrysts of albite (up to 1.0 mm in
size) in a groundmass of albite and quartz (grain size down to 0.01
mm). A brown biotite is present in small amounts, together with a
little chlorite.
Associated w1th the rocks described above occur individual grains
of different minerals: more or less rounded grains of quartz, angular
fragments of albite, and flakes of biotittc: and chlorite. Calcitc is also
present, as are scattered grains of zircon and apatite. Epidcte is
mostly absent. Tourmaline is rarely found.
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Fig. 22. Bedding in slightly metamorphosed feldspar-bearing sandstone. From
the promontory to the south of Skei. Leka.

Sandstone

Megascopically, the sandstone is a fine- to medium-grained rock
of grey, greenish-grey, or dark-grey color. Sometimes a well-developed
bedding may be found (Fig. 22).
The microscope shows a clastic fabric with larger angular grains
of quartz and albite, in a groundmass of quartz, albite, biotite, chlorite
and muscovite. In addition, small rock fragments composed of albite
and quartz may occur. Outside the groundmass, biotite and chlorite
are often found in flakes, up to 2 mm !ong. Calcite is present in most
thin sections, forming grains of varying size.
The quartz shows undulatory extinction.
The albite has the composition An3_10. It is usually twinned
according to the albite and pericline laws, less frequently on the
Carlsbad law.. As the recrystallization proceeds, the twinning disap
pears. In addition, the recrystallized albite grains are never sericitized.
The biotite is generally somewhat chloritized.
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The muscovite is sericitic in habit.
Other minerals which may occur are amphibole (probably actino
litic) and clinozoisite. The amphibole forms narrow, 2-3 mm long
prisms. It has the pleochroism X pale yellow, Y pale green, Z green.
Zr c
ca. 14°. The clinozoisite occurs in small prisms, attaining a
length of 0.5 mm.
::Vlinor constituents are tourmaline (rare), zircon, apatite and pyrite.
,

=

Phyllite

This rock appea rs in the sandstone in a few non-persistent zones,
each less than lOm thick. The color varies from greenish grey to nearly
black. Under the microscope are seen small porphyroblasts of brown
biotite (up to 1.5 mm in diameter) in a fine-grained groundmass of
quartz, muscovite (sericite) and a little biotite. Less commonly are
found small idioblastic crystals of garnet (probably a member of the
spessartite-almandite series). Feldspar has not been observed with
certainty. Other minerals which occur are tourmaline, graphite and
pyrrhotite. The tourmaline is found in slender prisms, up to l mm long.
It has the pleochroism X colorless, Z brownish green.
Crystalline Limestone

Only one zone of crystalline limestone has been found. It is situated
in the southwestern, narrow part of the syncline, where it lies between
a relatively thick layer of conglomerate and a broader belt of sand
stone. The zone, which has a maximum thickness of 7 m, can be
traced for about 1.5 km.
The rock is greyish white, with tinges of green and red, is fine
grained, and slightly foliated. It is completely recrystallized. Besides
calcite, occur subordinate amounts of clinozoisite, albite, muscovite,
quartz, tourmaline, apatite and graphite.
AGE OF THE ROCKS

The Leka district is characterized by the absence of rock series
older than the complex of metamorphosed basic and ultrabasic i ntru
sives. The oldest rock within this complex is the saussurite gabbro, as
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it has been injected not only by the trondheimite but also by the
serpentine. In southern Leka, the intrusion of the serpentine into the
saussurite gabbro has partly taken place in the form of steeply dip
ping, dike-like bodies, trending northeast-southwest. The relation of
the trondheimite to the serpentine is not quite clear, but probably
the trondheimite is the younger rock.
The conglomerate of the younger series consists partly of rock
fragments which are undoubtedly derived from the old complcx, viz.
serpentine, and partly of fragments of an igneous type that is no longer
found in solid rock of the substratum, viz. quartz porphyrite. \Vith
regard to the other rock types which occur as cobbles and pebbles in
the conglomerate, viz. unfoliated metagabbro and massive trond
heimite, they may or may not correspond respechvely to the saus
surite gabbro and the trondheimite of the substratum. In the present
paper, this conglomerate is tentatively correlated with the serpentine
conglomerate at Otta, in Gudbrandsdalen, which, according to \"oGT
(1945, p. 507), may perhaps be contemporaneous with the Venna
conglomerate at the base of the Lower Hovin series in the Trondheim
region. N ow, the age of the Otta conglomerate has been determined
as Lo\Yer Llanvirnian. If one suggests a similar age for the Leka
conglomerate, this means that the underlying old complex must be
of pre-Llanvirnian (Skiddavian ?) age.
TECTONICS AND METAl\lORPHISM
The orogc n ic pressure that forced the scdiments of the younger
series into a narrow, �E-S\V-trending syncline has, at least partly, also
affected the substratum. This is proved by the fact that the conglo
merate in the area west-southwest of Havneholmen underlies a saus
surite gabbro belonging to the old complex, which indicates that the
southeastern limb of the syncline has been inverted towards the north
west. Evidence of strong folding pressure, resulting in local oblite
ration of the conglomerate structure, is also found here. In most
other places, the conglomerate is surprisingly well preserved.
The metamorphism of the rocks of the Leka district has obviously
taken place within the stability range of the greenschist facies. While
the alteration of the gabbro is always complete, relics of monoclinic
pyroxene may sometimes be found in the serpentine. No traces of the
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primary olivine are, however, any longer present. The normal saus
surite gabbro, containing an actinolitic amphibole as the chief dark
mineral, may locally pass over into a schistose variety composed
essentially of chlorite (antigorite) , calcite and albite.
As to the rocks of the younger series, recrystallization has been
complete, or almost so, in the phyllite and limestone, while in the
conglomerate and sandstone it is usually limited to the fine-grained
matrix.
THE BASEMENT COMPLEX AND THE CALEDONIAN
ZONE OF DEFORMATION
Within the "Vestrand" region, of which most of the area investi
gated is an integral part (Fig. 1) , KJERULF (1871, 1876, 1879) distin
guished between the following three structural units: (l) a pre-Cam
brian supracrustal rock system, termed "grunnfjell", (2) a plutonic
association, characterized by various types of foliated granite which
in huge masses break through the old rock system, and (3) narrow
synclines of Cambro-Ordovician rocks, representing more or less iso
lated lateral branches of the Trondheim synclinorium proper. Accor
ding to KJERULF, the said granite masse� penetrate the Cambro-Ordo
vician rocks as well.
About 25 years later, ScHETELIG (1913) not only adobted the idea
of the younger age of the "Vestrand" granite, but also maintained
that the great bulk of the "grunnfjell" of this region actually repre
sented gneissified Caledonian igneous rocks with remnants of altered
sediments, all of which had been intruded by Caledonian granites.
At the same time, however, he was aware of the possible existence of
real pre-Cambrian gneisses and other rock types within the "Vestrand''
region. A reply was given by REUSCH in a paper which appeared the
following year (REUSCH, 1914) . Tn this paper, REUSCH definitely
rejected ScHETELIG's hypothesis, arguing that there was nothing
within the region concerned that might justify a distinction between
pre-Cambrian rock complexes and younger intrusives.
The idea of ScHETELIG, in a modified form, has subsequently
been advocated by several geologists, particularly by HoLTEDAHL,
who in his writings has emphasized the role of Caledonian granitiza
tion and migmatization processes in the geological development of th<:
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"Vestrand" and the adjoining eastern region ( HoLTEDAHL, 1938a,
1938b, 1944; BARTH, 1938; RAMBERG, 1943).
Nevertheless, as a result of field investigations carried out by the
present writer in the critical western and central parts of northern
Trøndelag, the existence here can now be proved, in direct conflict
with the hypothesis of HoLTEDAHL et al., of an old, prc-Cambrian
rock complex, representing the deformed but otherwise - mineralo
gically and structurally - unaltered basement cf the unconformably
overlying system of folded and metamorphosed Cambro-Ordovician
supracrustal rocks. This means that there can be no justification for
the idea that Caledonian orogenic movements can have affected the
basement complex in the said region to such a degree as to have given
the rocks in question a "Caledonian" stamp, nor is there any basis
for the assumption that Cambro-Ordovician supracrustals may have
been incorporated in the basement complex with the final result of
having lost their identity by strong granitization processes. No doubt,
the only effect of the Caledonian orogeny upon the basement complex
was the deformation of the surface of contact between this complex
and the superimposed younger sedimentary and volcanic rocks, with
the downfolding of the latter into deep NE-SW-trending synclines as
the most distinctive feature.
The chief problems of the area may be stated as follows:
I. The boundary relations of the basement complex to the over
lying Cambro-Silurian rock system.
Il. The general structural situation of the basement complex, and
its dependence or independence of Caledonian tectonics.
Ill. Differences in the lithological and petrological development
of the two tectonic units.
I. In the current view, there exists, broadly speaking, absolute
conformity between the Cambro-Ordovician supracrustals and the
rocks of the basement complex appearing within the central parts of
the Caledonian orogenic zone in southern Norway, a view which was
originally also shared by the writer. However, difficulties in explaining
certain features of the tectonics of the region under consideration
made it necessary to undertake a doser investigation of the boundary
lines between the two rock systems, for which reason thorough field
stndies were commenced in the summer of 1950.
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The results achieved contradict the hypothesis of HoLTEDAHL,
Thus, the junction between the basement complex
and the overlying formations could in many cases be readily recog
nized as an unconformity, whilst in other cases the same conclusion
was arrived at by areal mapping (Pl. Ill). Along most of the western
border of the Bindal syncline, the Cambro-Ordovician schists are in
immediate contact with members of the acid plutonic association of
the basement complex, a boundary relation that has the character of
a nonconformity (BILLINGS, 1942, p. 243). Only quite exceptionally
may the unconformity be indicated by the presence of basal conglo
merates (see p. 366).
Previously (pp. 371, 399), reference has been made to the remarkable
fact that Cambro-Ordovician sedimentary strata may sometimes be
entirely lacking along the junction with the basement complex, their
place then being occupied by thick layers of altered basic and/or acid
lavas. Along the northern border of the Snåsa syncline, low-grade
basic volcanic rocks (greenstone, greenschist) form a zone of varying
breadth, extending from Lake Holden vatn to a point a little south
west of Lurudal railway station (Fig. 10). A much smaller zone of
rocks of this type occurs in a corresponding stratigraphical position
in the district just north of Steinkjer. In the northwestern part of the
Bindal syncline, a thick zone of metadacite and metabasalt is in imme
diate contact with the basement complex from a point northwest of
Foldereid church te Sør fjord (Fig. 11).
Two explanations are possible regarding this puzzling boundafy
situation: (a) the junction is an unconformity; (b) the contact is a
secondary structural feature. The present writer at once rejects the
latter interpretation as being utterly untenable. Actually, there is no
field evidence forthcoming to support the idea that fault or thrust
movements have taken place along the junction between the base
ment complex and the younger rock system in any of the district:o
mentioned above; likewise, similar movements are unknown from the
other parts of the area. The safe conclusion, therefore, must be that
the junction between the two tectonic units is an unconformity.
R>\�IBERG, et al.

Il. The general structural situation of the basement region appears
from the map, Pl. Ill, which shows a rathef intricate tectonic picture,
with huge masses of granite and granodiorite breaking through the
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folded and metamorphosed supracrustal n;>cks in a catastrophic
manner. A characteristic detail is the domical shape of some of the
larger granitic bodies. The contacts are broadly concordant with the
foliation of the country rocks. Another significant feature is that the
planar structures of the granitic plutons are always parallel to the
boundary surfaces between these plutons and the enclosing rocks,
indicating that the planar structures are primary and not secondary.
Valuable information regarding the true nature of the planar
structures of the granitic plutons may be obtained also from the rela
tion of inclusions of country rock to the foliation, and from the appear
ance of granite-filled shears and pegmatite dikes.
The inclusions, when present, occur as thinner and thicker flake
like masses, which are usually oriented parallel to the foliation of
the granite and granodiorite. Exceptions to the rule are rarely obser
ved. An illustration to the latter case is given in Fig. 8. The locality
in question is situated on the northern slope of the mountain of
Kjøringsvassfjell, in the Foldereid district. The inclusion, which is
oriented with its major axis at almost right angles. to the foliation
of the pluton (a biotite granite) , is a dark, medium-grained, horn
blende-biotite-bearing lime silicate gneiss. However, what is important
in this connection is the fact that the foliation of the granite is deflected
near the border of the xenolith without cutting across the gneiss mass.
The latter clearly has its own schistosity, which is unrelated to the
foliation of the pluton. Here, too, there can be no doubt as to the
primary origin of the planar structure of the granite.
The granite-filled shears and associated pegmatite dikes which
intersect the foliation of the granitic plutons, must have been formed
in a late stage of the consolidation of these plutonic masses (p. 360).
Since both shears and dikes bear a definite relation to the last plastic
yielding of the plutons, and therefore also to the regional stress which
produced the last folding within the orogenic zone, the conclusion
seems inevitable that the foliation is a primary structural feature.
Linear structures are frequently developed both in the granitic
plutons and in the adjacent country rocks. However, as these struc
tures have not been the object of systematic investigations, a discus
sion of this feature and its bearings on the tectonics of the region is
quite beyond the scope of the present paper.
What then may be inferred from the above account of structural
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facts? In the writer's opinion, the assumption of a Caledonian age
for the basement complex is disproved by nature itself. There are two
important grounds for such a statement: firstly, the existence of an
unconformity between the basement complex and the overlying
Cambro-Ordovician formations; and secondly, the prima ry character
of the planar structures of the acid plutons in the basement complex.
It is highly improbable that the movements connected with the
Caledonian orogeny could have impressed a new structure upon the
pre-existent granitic plutonic rocks without leaving a trace of the old
magma tectonics. Even more unacceptable is the opinion arrived at
by some geologists that the said acid plutons may owe their origin
to strong Caledonian granitization processes. This would necessarily
imply a much higher (ultrametamorphic) temperature of development
for the rccks of the basement complex than for the rocks of the Cambro
Ordovician system, despite the fact that the region occupied by the
basement complex lies tectonically higher in the mountain chain than
do the lowest parts of the younger formations. As, in addition, the
vatious plutonic and nonplutonic rocks of the basement complex
differ strikingly from those of the Cambro-Ordovician system, we
may conclude that the former cannot reasonably owe their origin to.
Caledonian rock-forming processes. There is no doubt that the rocks
of the basement complex existed in their present state long before the
beginning of the Cambrian.
Ill. The nonplutonic rocks of the basement complex comprise both
metasediments and metavolcanics. The metasediments are represented
mainly by different types of gneiss, viz. quartzofeldspathic gneiss,
micaceous gnejss and lime silicate gneiss. Other rock types, occurring
in relatively small quantities, are quartzite, quartz schist, mica schist,
and crystalline limestone and dolomite. In regard to the metavolcanics,
only basic types have been observed (metabasalt). Most of the gneisses
are interpreted as regionally metamorphosed arenaceous sediments,
e. g. arkosic sand, calcareous sand and clayey sand, while some of the
lime silicate gneisses may have originated from marly sediments.
Metamorphosed arkosic sediments, now found as massive gneisses
light-grey to grey in color, are particularly abundant in the southern
and southeastern districts of the basement region, where, also, the
associ.a�i<>n metabasalt-quartzofeldspathic gneiss is commonly obser-
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ved. From a lithological point of view, therefore, the basement com
plex forms a striking contrast to the Cambro-Ordovician rock system,
with its thick strata of mica schist (in part lime silicate-bearing) and
crystalline limestone, representing metamorphosed argillaceous and
calcareous sediments.
The following rock types are regarded as specific of the basement
complex: (a) sillimanite-almandite-bearing and slllimanite-cordierite
bearing micaceous gneiss; (b) various types of gneiss carrying one of
the Ca-free amphiboles cummingtonite and anthophyllite; (c) norite
and olivine hyperite; (d) widely distributed members of the granite
granodiorite family containing a homblende of the hastingsite series
as the characteristic dark mineral.
Rocks which conform more or less in mineral composition to
members of groups (a), (b) and (c), cited above, are also known from
the pre-Cambrian of southemmost Norway ( BuGGE, 1943).
Two causes may be of importance in any attempt to explain the
general failure of the rocks of the basement complex to respond to
the changes in the physical conditions of the crust which took place
in this region during the Caledonian orogeny. Firstly, there is every
indication that the basement complex acted simply as one connected
mass, which was sufficiently "rigid" to prevent the rocks in question
being involved in differential movements and a consequent oblite
ration of the original structures. Secondly, the reaction rate was evi
dently not high enough to render chemical reactions effective in trans
forming the various mineral assemblages of the basement complex
into stable ones, corresponding to the new pressure-temperature

conditions in the Caledonian orogenic zone. Contributory causes may
have been the relative "dryness" of the rocks of the basement complex,
and the absence of differential movements, as stated above.

SUMMARY AND CONCLUSIONS
The rocks of the area investigated belong demonstrably to two
distinct tectonic units: (l) an old rock system (termed the basement
complex) which is part of a pre-Cambrian mountain chain, and (2) a
younger (Caledonian) system of folded and metamorphosed early
Paleozoic geosynclinal rocks with intrusives. The younger rock system

416

TOR BIRKELASD

rests on the older one with a profound unconformity. In many places.
therefore, the base of the younger formations may truncate the struc
tures of the old rock system at any angle.
The first section of the present paper deals with the rocks of the
basement complex. The quartzite and quartz schist, the mica schist,
the various types of gneiss and the marbles are interpreted as regio
nally metamorphosed geosynclinal sediments. The gneisses, which are
the predominant rocks, probably originated from arenaceous and
marly sediments. Metamorphosed basaltic lavas have been described
from various parts of the basement region, but they are more widely
distributed only in the southern and southeastern districts of this
region, where the association metabasalt-quartzofeldspathic gneiss is
a characteristic lithological feature. Altered acid lavas, on the other
hand, have not been encountered within the basement complex.
The supracrustal rock system has been intrudecl by plutonic masses
of basic and ultrabasic composition. The latter commonly appear in
the shape of small lentoid bodies, which are concordant vvith the
structure of the enclosing rocks. The ultrabasic masses are always
completely serpentin ized, the common minerals being antigorite and
tale. The basic plutonic rocks comprise noritic and hypenhc types.
In the later orogenic phase, the geosyncline was laid in cleep folds,
which seem broadly to have h ad a ENE-WSvV to NE-SW trend. It is
evident, however, that the original fold structures have been more or
less modified by the subsequent intrusion of immense quantities of
granitic magmas. During this mighty upsurge of acid magmatic melts,
the geosynclinal zone was split into smaller parts, represented by
strongly contorted belts of metamorphosed supracrustal rocks.
A vast space of time presumably lies between the old, pre-Cambrian
orogeny and the incipient development of the Caledonian geosyncline.
The Cambro-Ordovician sedimentary series often begins with a rela
tively thin layer of a type of mica schist representing metamorphosed
argillaceous deposits poor in lime. :Near the base may occur thin beds
of quartzite, while conglomerate is very rarely found. These rocks are
succeeded by a much thicker zone of calcite- and lime silicate-bearing
mica schists, with suborclinate crystalline limestone or (less frequently)
dolomite. Laterally, changes of facies may be rapid. This, for instance,
applies to the conditions along the western flank of the Bindal syncline,
where the changes in the petrography of the metasediments, from
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mica schists in the south to lime silicate gneisses and marbles in the
north, may be interpreted as due to changes in the lithology of the
original sediments, from clayey facies in the south to marly or true
calcareous facies in the north.
Evidence of early Ordovician volcanic activity is found in various
parts of the Caledonian orogenic zone in Norway. The oldest volcanic
rocks are represented by low-grade basic lavas and related pyroclastic
sediments (greenstone and greenschist), which may here and there be
associated with acid lava types (quartz-keratophyre) . In northern
Trøndelag, volcanic rocks of this kind appear in the Snåsa syncline,
in the southernmost part of the Bindal syncline, and in the Grong
district.
Probably slightly younger than these rocks is a series of basaltic
and dacitic (rarely andesitic) effusives, occurring as a well-defined
stratigraphical horizon in the western part of the Bindal syncline, and
conformably overlying the older sediments of that region. Farthest
north, however, on the west side of the Kolbotn inlet, the volcanic
rocks overlap the pre-Cambrian basement along a junction which is
regarded as primary. The maximum thickness of the effusive series
is-- in the Foldereid district- estimated to about 2000 m. Although
subjected to relatively strong regional metamorphism, the said lavas
have usually retained much of their original texture and mineral
composition. Occasionally intercalated layers of metamorphosed sedi
ments may be found, such as quartzite, mica schist, gneiss and crystal
line limestone.
This volcanic series is overlain by a series of metamorphosed
sediments, made up of quartzite and mica schist, various types of
gneiss, and crystalline limestone. The two series (within the map area,
they are apparently known only from the Bindal syncline) constitute
the upper part of a thick succession of supracrustal rocks which accu
mulated in Cambro-Ordovician times under geosynclinal conditions.
The oldest Caledonian intrusive rocks found within the map area
are probably represented by members of the peridotite family. These
rocks, which may be more or less serpentinized, usually occur as small
lens-shaped bodies. A large body of serpentine is found in the Leka
district. Gabbro, generally somewhat saussuritized, appears in large
masses only in the Leka district and in the area east of the southern
most part of the Bindal syncline. Apart from these rocks, quartz-
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diorite, trondheimite and granodiorite occur m bodies of varying
size and shape.
During an early stage of the Caledonian orogeny, which may be
identical with the Trondheim disturbance (at the transition interval
between the Skiddavian and Llanvimian epochs), the stratified rocks
were tilted and possibly slightly folded and metamorphosed. Simul
taneously, parts of the geosyncline were elevated above sea level and
thereby exposed to the forces of erosion. It is possible that the debris
formed by the destruction of the rising land masses of that time may
correspond to the great thicknesses of conglomerate and sandstone
which appear in the Snåsa syncline, in the Grong district and in the
Leka district. Tentatively, this conglomerate and sandstone division
may be correlated with the lower part of the Lower Hovin series in
the Trondheim region.
From other areas in the Caledonides of Norway, we know that there
must have been several such minor cycles of alternating renevved
sinking and compression of the geosynclinal belt (followed by erosion
and sedimentation) in the course of Ordovician and Silurian times.
Towards the end of the Silurian period, during the main phase of the
Caledonian orogeny, the geosyncline was strongly compressed, at the
same time as the folded masses rose to mountainous proportions. In
the Bindal syncline the folding movements were accompanied by
intense plutonic activity, through which magmas of granitic and
granodioritic composition protruded in large quantities. In contrast
to this, intrusives of the same age and petrographical character are
entirely absent from both the Snåsa syncline and the Leka district.
There is, further, reason to believe that in a later orogenic phase,
characterized by strong compressive stresses, the central part of the
Bindal syncline, represented mainly by the large consolidated massif
of granite and granodiorite, was forced to move up along steeply
dipping thrust faults, while the surrounding rock masses remained
essentially stationary.
In the last section of the present paper, the relation of the basement
complex to the Caledonian zone of deformation is discussed. The
conclusion reached is that the rocks of the basement complex owe
their structural and mineralogical development to pre-Cambrian oro
genic movements and to the physical conditions of the crust of that
time - that, in other words, no relationship exists between the base-

GEOLOGICAL INVESTIGATIONS IN �- TRØNDELAG

419

ment complex and the folded and metamorphosed younger formations.
The only effect of the Caledonian orogenic movements upon the base
ment complex has been

a

deformation of the surface of contact be

tween this complex and the overlying Cambro-Silurian rock system
along axes of folding that may be more or less prescribed by the older.
pre-Cambrian orogeny.
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PLATE I

J.ig. l. Micaceous gneiss· with sillimanite (Si) and cyanite (Cy). From the islet
of Purkholmen near Abelvær. Crossed nicols. x 13.

Fig. 2. Cordierite-sillimanite-bearing micaceous gneiss. From the western slope
of the mountain of Høgråna, east of Rørvik. Crossed nicols. x 12.

PLATE Il

Fig. l. Lime silicate rock with anorthite (An95). diopside, grossularite, zoisite
and quartz. From the island of Krokøya near Abelvær. Crossed nicols. x 70.

Fig. 2. Metadacite with phenocrysts of plagioclase (An40). From the western
slope of the mountain of Holandsfjell, east of Foldereid. Crossed nicols. x 37.

PLATE Ill
LEK A

Geological map of the �orthwestern part
of Northern Trøndelag
By Tor Birkeland
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