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A PRELIMINARY GEOLOGICAL SURVEY
OF THE LOPPEN DISTRICT,
WEST FINNMARK
By
T. K. BALL1, C. B. GuNN, P.R. HooPER and D. LEWIS
(Department of Geology, University College of Swansea)
Ab s t ra c t . The area includes the western margin of the Seiland petrographic pro
vince and the meta-sedimentary succession to the west. The principal rock types
and structures are described and the origin of the metaigneous rocks is discussed.
The meta-sedimentary succession is quartzite, overlain by pelitic schist,
overlain by meta-limestones. Three generations of structures are recognised,
with trends of N

20°, N 340°

and N

90°

respectively. The succession is meta

morphosed to the almandine -- amphibolite facies by regional metamorphism
with local contact metamorphism near the gabbro sheets.
The western extremity of the Seiland petrographic province consists of
thick alternating sheets of hypersthene gabbro and quartz-feldspar-garnet

gneiss belonging to the granulite facies, an olivine gabbro, basic dykes, perido

tite dykes, an ultrabasic complex of peridotite blocks in an anorthosite matrix,
and a perthosite. It is suggested that a banded and granulated hypersthene
gabbro which contains hands of meta-limestone and syenite represents a portion
of the intrusive hypersthene gabbro, granulated by penetrative deformation.

I. Introduction
The geology of the area and its position on the north-west coast
of Norway is illustrated in Plate Il.
No previous work on the area has been published, but it has been
visited by the Norges Geologisk Undersøkelse, whose broad conclu

sions are represented on the 1:1,000,000 geological rna p of Norway

(HoLTEDAHL, 1960).
1

This distinguishes Eocambrian and Carnbro-
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Silurian sediments and meta-sediments from the gabbro complex, the
latter forming the western end of the Seiland Province. Other parts of
the Seiland Province have been described, from Seiland by BARTH
(1953), the Øksfjord Peninsula by KRAUSKOPF (1954), from Sørøy by
STURT (1961) and from Stjernøy by HEIER (1961).

The present survey was completed by a team of six geologists of
varying degrees of experience, with the primary intention of recording
the rock type and principal structure over as large an area as possible
as a basis for more detailed work. T. K. Ball accepts responsibility
for the general structural interpretation and P. R. Hooper for the
discussion on the igneous rocks.
While broad agreement with the Norwegian reconnaissance work
is apparent, a lack of fossil evidence and the unfamiliarity of the team
with the lithologies of the sedimentary rocks of Northern Norway has
led to the recording of the sequence of meta-sedimentary rocks without
distinguishing between the Eocambrian and Cambro-Silurian.
Within the gabbro complex the proportion of garnet gneiss is
greater than has been reported from other parts of the Seiland Prov
ince and occurs as large distinct units between the gabbro sheets.
While the junction between the gabbro complex and surrounding

meta-sediments is sharp on the Sandland peninsula, gradation is appa
rent on Silda between garnet gneiss in the south to meta-sediments,
similar in appearance to those on the Sandland peninsula, in the north.
On the Andsnes peninsula the meta-sediments are intruded by gabbro
sheets which appear to thicken eastwards.

Il. The meta-sediments
The meta-sedimentary successions exposed on Loppa, the Sandland
peninsula, the Andsnes peninsula and the southern shore of Older
fjord, are broadly similar. Quartzites and quartzo-feldspathic rocks
are overlain in turn by purple pelitic shicsts and, in the first three
areas, by calcareous rocks. On Loppa this is followed by more pelite.
Details of the successions are given in Table I.
The broad similarity in the successions suggests that they repre
sent the original order of sedimentation. However, rapid changes in
lithology along the strike make a finer correlation impossible and the
complicated structural patterns including interformational falding and
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thrusting mean that the thickness of the formations cannot be com
pared. No primary sedimentary structures have been observed other
than bedding planes.

A. THE QUARTZITES.

The structure of Loppa is well exposed in cliff sections (Fig. 1).
The bottom of the succession forms a series of folded quartzites on the
north-western tip of the island with stacked, recumbent, isoclinal
folds. Foliation is defined by dark amphibolitic or micaceous segrations.
The overlying flaggy series consists exclusively of a quartzo-felds
pathic granofels occasionally containing small sieve garnets and sepa
rated by micaceous partings. Folds are absent but for rare monoclines
accompanied in places by mullions and crumple lineations. All these
are parallel in trend to the fold axes of the underlying series, from
which the flaggy series is separated by a fault parallel to the foliation.
Above this, without a recognisable break, lie rapidly alternating
bands of quartzite, composed of fine granofels of quartz and oligo
clase with a little muscovite, chlorite and iron ore, and amphibolites
Table Il.
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the marginal phase of the hypersthene gabbro on Sandland peninsula (NOR 1360) .
Amphibolite
Nor 1383

Si02

•

Ti02
A1203
Fe208

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

FeO ............................ .
MnO .............................

43.5

}

l

Marginal Gabbro
Nor 1360

44.7

1.84

1.07

12. 61

14.83

12.35

12.10

0. 20

0.21

. . . . .. . . . . . . . . . . . . . . . . . . . . . .

13.28

10.92

CaO .............................

10. 33

10.52

Na20 ........................... .

2. 85

1.23

K20 .............................

0.41

0.46

MgO

. ... .

.
H20 ............................ .
Ps05

•

Analyst:

.

.

.

.

.

.

.

.

.

.

.

.

T. K. Ball.

.

.

.

.

.

.

.

.

.

0.17

0.18
n. d.

n.

d.

GEOLOGY OF THE LOPPEN DISTRICT

219

which contain biotite and red garnet in addition to amphibole and
plagioclase. The chemical similarity (Table Il) between this amphibo
lite and the marginal phase of the gabbro on the Sandland Peninsula
suggests a magmatic origin for the amphibolite. N evertheless, in
distinct bands of potash feldspar augen gneiss near the base of this
series 'ghost' amphibolites tail out in both directions and porphyro
blasts of potash feldspar are developed dose to their margins, implying
that metamorphic differentiation and feldspathisation have played
an important role.
On the west coast of the Andsnes peninsula, 550 meters of quartzite
lie below the pelitic schist. The base is not seen. The bottom 450
meters contains only one folded horizon. Unevenly banded quart
zites (150 meters) with abundant fine laminae of mafic minerals con
tain scattered porphyroblasts of deep red garnet and white mica which
are conspicuously developed along the foliation planes. Micro fold
lineations are seen on the foliation planes. This is followed upwards
by 150 meters of a purer quartzite without mafic laminae and this by
150 meters of quartzite with mafic laminae again.
Above these unfolded quartzites lies a zone (85 meters) of highly
folded quartzites. Of these the lower 30 meters consist of alternating
bands of quartzite and amphibolite schist followed by 55 meters of
pure quartzite. Isoclinal and disharmonic recumbent folds are well
exposed and an axial plane cleavage is well developed in the lower part.
The top of the quartzite series near Andsnes consists of 17 meters
of a less pure quartzite rock which represents a transition to the pelitic

schists. A similar transition is seen on Loppa.
South and east from Segilvik to Olderfjord rapid changes occur
along the strike and despite good exposures correlation is difficult.
Probably the upper part only of the Andsnes-Segilvik succession is
exposed between Segilvik and Olderfjord and there is an apparent
increase in pelitic material in this area.
South of Olderfjord 500 meters of quartzite with rare amphibo
lites form the base of the exposed succession. The semi-pelitic quartzite
forming the greater part of the Sandland peninsula is composed of
80% quartz with muscovite and biotite forming a faint foliation
crossed by rare planes containing garnet and oligoclase. Cross-cutting
meta-igneous dykes contain hornblende, biotite, quartz, andesine
and pink garnet with accessory apatite, sphene and iron ore.

•
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B. THE PELITIC SCHISTS.

Pelitic schists follow the quartzites without a noticeable break.
On Loppa the schists are purple, red and blue quartz-clinochlore and
quartz-white mica-schists with red garnet, hands of colourless amphi
bole and large crystals of staurolite lying in the schistosity plane. Two
schistosities are present, with a similar trend but a difference in dip
of 20°-30°, the earlier lying parallel to the foliation, defined by more
siliceous hands, the later lying at a constant angle to the foliation
and in places obscuring the earlier ( fig. 6).
The succession of pelitic schists near Segilvik on the Andsnes
peninsula, is composed of 530 m of alternating units of purple, poorly
foliated, medium grained garnet amphibolite and thin banded, well
foliated and laminated garnet-quartz-schist.
The garnet amphibolite is composed of green hornblende and pink
garnets full of quartz inclusions and with accessory sphene. The poor
foliation is due to hornblende lenses. The garnet-quartz-schist con
sists of fine sutured quartz grains, flattened in the plane of foliation,
with subordinate biotite, muscovite and garnet. The foliation is due
principally to grain size variation of the quartz and the presence of
darker laminae richer in biotite.
Rapid alterations in thickness of the various hands along their
strike is characteristic and in places this can be shown to result from
numerous minor thrusts and folds within each band.
C. THE META-LIMESTONES.

•

The calcareous horizon on Loppa, which follows the pelitic schist,
is made up of two meters of limestone, followed by two meters of
pelitic schist, followed by six meters of limestone. The horizon crops
out on either side of the Loppa syncline ( Fig. l) and is overlain by
forty meters of more pelitic schist. The limestone hands have a coarse
"sugary" texture, composed of large calcite crystals with a few rounded
quartz grains and granular aggregates of iron ore.
A similar, but rather more pelitic limestone horizon occurs above
the pelitic schist on the northern end of the Sandland peninsula, but
here it is overlain by an augen gneiss composed of microcline augen
with quartz, albite and muscovite and accessory calcite, biotite and
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Diagrammatic section across Loppa.

1ron ore. An amphibolite with abundant clinozoisite is found at the
contact.
The many outcrops of meta-limestone on the Andsnes peninsula
are all closely associated with hypersthene gabbro. Some lie between
the pelitic schists and the overlying gabbro, some lie within the gabbro
and others, the largest masses, lie above the gabbro. Along the northern
coast between Andsnes and Troldviken the limestone and gabbro are
intricately mixed.
In places the limestone is finely laminated; purer limestones be ing
separated by very narrow, persistent and harder bands of calc-silicate
rock. These bands are contorted into small folds with no common
orientation. In other cases the limestones form a structureless mass
with a coarse sugary texture. They all contain garnets, diopside,

idocrase and wollastonite in addition to calcite.
It is abundantly clear that there has been mobilisation and plastic
flow of the limestone due to the gabbro intrusion. Two particular
examples may be cited.
Near the coast at Andsnes the gabbro cuts across the unusually
low horizon in the pelitic schists. Lying between the gabbro and the
schist is a limestone band which cross-cuts the foliation of the pelites
at a high angle. The limestone is seen to run parallel to the gabbro
margin for some distance, and then to penetrate the gabbro.
On the headland on the west side of Troldviken a mass of limestone
is bordered by various calc-silicate bands, one of which has been
mobilised by the neighbouring gabbro to form a rheomorphic vein.
The limestone contains wollastonite. Two feet away from its source

222

T. K. BALL, C. B. GUNN, P. R. HOPPER AND D. LEWIS

the rheomorphic vein is composed of oligoclase, garnet, biotite and
large crystals of alkali feldspar with a minor quantity of small quartz
crystals. Near its extremity, about ten feet from its source, the vein
has become a quartz, alkali feldspar pegmatite, the alkali feldspar
enclosing plagioclase grains with crystals of white mica and epidote.
D. METAMORPHISM

A detailed discussion of the metamorphism undergone by the
meta-sedimentary rocks must await more detailed X-ray and optical
mineralogy. The typical mineral assemblages are recorded in the
previous sections.
The meta-sediments on Loppa, the Sandland peninsula and the
western part of the Andsnes peninsula have been regionally meta
morphosed to almandine-amphibolite facies. The psammites typically
contain quartz, oligoclase and a white mica with microcline and bio
tite. The pelite assemblage is either quartz-white mica-biotite-garnet
or quartz-white mica-staurolite-garnet. Meta-igneous dykes on the
Sandland peninsula have a green hornblende-biotite-quartz-oligoclase
garnet assemblage with accessory sphene, while amphibolites of less
certain origin on Loppa are green hornblende-biotite-oligoclase
chlorite rocks with sporadic garnets. A hornblende-epidote-chlorite
rock occurs along the limestone - augen gneiss contact on the NW
tip of the Sandland peninsula.
Near the gabbro sheets on the Andsnes peninsula and south of
Langstrand on Frakfjord, the meta-sediments have been contact
metamorphosed. Wollastonite and idocrase develop in the meta
limestones and a diopside-quartz-biotite-colourless amphibole assem
blage develops in calcareous schists.
E. STRUCTURE

Three generations of structures can be distinguished in the meta
sedimentary succession. They are labelled Fv F2 and F3 (Figs. 2 and
3). Each generation retains its own trend over the area studied, but
the intensity of deformation varies; F1 predominates to the east on
Loppa and the Sandland peninsula, while F2 predominates to the west
on the Andsnes peninsula. F1 and F2 are equally well developed on
the southern shore of Olderfjord.
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Stereographic projection (Schmidt net) of fold axes. a: Loppa, b:
the Sandland peninsula, c: Silda, d: Olderfjord.

bedding. No recognisable sedimentary structures which could be used
for determining younging were seen, although tectonic features re
sembling cross-bedding and ripple marks are not uncommon. Pseudo
cross-bedding is formed by curved jointing in the harder psammites
of the quartzite and amphibolite series on Loppa. Pseudo ripple marks
are formed by folding and are similar to those described by lNGERSON
(1940) and SCHROCK (1948).
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The foliation in the meta-sediments results from the accentuation
of the bedding planes by metamorphic differentiation and shearing.
:Metamorphic differentiation has emphasised the quartzo-feldspathic
and calc-ferromagnesian bands. In some cases traces of original bed
ding have been destroyed by local metasomatism with concomitant
growth of microcline or plagioclase porphyroblasts.
The schistosity is formed by the strong preferred dimensional
orientation of mica flakes. Banding in the quartzites is emphasised by
darker micaceous selvages between quartz-rich bands. In places a
secondary schistosity is developed in the pelitic schists. On Loppa
a secondary schistosity has the same strike but makes an angle of 30°
to the primary schistosity which is parallel to the bedding (Fig. 6).
At Langstrand on the Sandland peninsula a prominent schistosity is
almost horizontal and the bedding, as defined by a limestone band, is
nearly vertical.
First Generation Structures

(F1)

The earliest recognisable deformation to have affected the rocks of
the area are folds which plunge at moderate to low angles and trend
approximately N 20°. Much of the mechanical foliation and probably
all the secondary schistosity must be ascribed to this deformation.
The foliation is irregular in detail and rootless fold hinges indicate
that the surfaces between schist and quartzite have become zones
of gliding.

The folds are often disharmonic within the quartzite bands (Fig. 4)
and the folds often die out or become less intense near the margins of
the bands. The pelitic schist is more intensely deformed, containing
microfolds and cleavages, in contrast to the quartzite. The folds are
overturned in most places and always in the same sense, towards
the ESE. The general style of the folds and the inter-relations of the
folded bands indicate a high degree of plasticity during the deform
ation. The large scale folds are cylindroidal and approach orthorhombic
symmetry.
At the northern end of Loppa a series of stacked, recumbent folds
is e xh ibited in good cliff sections. Large cylindroidal folds carry similar
folds of shear origin in their cores. In many pl a ces microfold lineation
is developed on the foliation surface with a wavelength of several

226

T. K. BALL, C. B. GUNN, P. R. HOPPER AND D. LEWIS

4'

Fig.

4.

Profiles of P folds.
Langstrand,

a) and b) from Bogen, and c) 300m north o f

the Sandland peninsula.

The falding i n the quartzite

members is markedly disharmonic and sliding has occurred at the
lithological junctions. The mic a schists have been intensely contorted
and contain isolated bands of quartzite. In b) a fracture cleavage is
developed which is not parallel to the fold axes and the axial planes
of the microfolds in the schists are not always parallel to those in
the quartzite.
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centimeters which can be traced without deviation the length of the
exposures, which may be over 100 meters long.
Parallel to the axial trend of the folds a minor crumpling lineation
is associated with an axial plane cleavage. Boudinage is developed in
the Loppa limestone (Fig. 5), the axes of the boudings lying in the
a-c plane.

/boudinage

Fig.

5.

Development of bouldinge in the Loppa limestone.

The major structures of F1 trend are the Loppa synform and the
Sandland peninsula monocline. The movement pattern responsible
for these structures is defined by a couple of rotation about an axis
plunging 20° in direction N 20°. A diagrammatic structural profile
of the projected section across Loppa and the Sandland peninsula is
shown in fig. 6. The apparent rotation of the plane about which the
couples act suggests that the main synclinal structure was formed at
a very late stage of the F1 generation, or completely postdated those
structures. The major features grade downwards in size through folds
with only about 20 meters amplitude to the centimeter size.

SANDLAND

LOPPA

�
��

MIDTERRYGGEN

Antithetic
cleavaoes

synthetJ�� � �
Fig.

6.

Dia gra mmatic section across Loppa and the Sandland peninsula illu
strating the m a in features of the F1 structures.
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folded by F2 structures.

The aspect of the folds previous to intrusion is shown top right.

Fig.

8.

F2 lineation superimposed on F1 lineation and foliation in pelitic
schist, the Sandland peninsula, Natural size, arrow points north.
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Second Generation Structures (F2)
These are exceptionally well developed in the Andsnes area where
they have largely obliterated the F1 structures. They plunge from

0-15° in direction N 340° and are overturned towards the ENE.
Wherever F1 and F2 folds are seen together, the F2 folds have refolded
the F1 folds or have been developed in the pelitic bands, with F1
folds formed in the quartzite (Fig.

8).

The major structural feature of this trend is the shallow synform
between Segilvik and Andsnes. The associated but much sharper
antiform of St. Troldvik Vd. has the same trend to the south but
swings to an F1 trend further north. The significance of this is un
certain, but it is suggested that it might be due to the superposition
of a major F2 fold on an F1 structure.
The F2 folds in the Andsnes area are typically of monoclinic sym
metry (Fig. 9). Basic metamorphosed intrusions, now garnet amphi
bolites, have been intruded prior to or during the F2 folding. Fig. 7

Fig.

9.

Profile of F2 fold in quartzite, near Segilvik.
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shows this relationship and the intrusion can be unfolded to give the
aspect of the fold previous to the intrusion.
A well defined fracture cleavage is often developed in the pelites
parallel to the axial planes of the F2 folds in the surrounding psammites
or semi-pelitic rocks.
F 1 and F2 folds are equally well developed on the south shore of
Olderfjord where the F2 folds have completely refolded the isoclinal
F1 structures to give folds plunging in direction N 110° (Fig. 3d).
Third Generation Structures

(F3)

These are usually expressed as large concentric flexure folds with
an axial trend of approximately N 90° which refold the F1 and F2
folds. In the pelitic schists at the northern end of the Sandland penin
sula an axial plane fracture cleavage has been developed. The F3 folds
are compressional features and another series of dykes predate them.
Faults

Two major fault systems are recognised in the meta-sedimentary
succession. The first trend ENE- WSW with a downthrow to the
NNW on near vertical planes. These are best developed in the Segilvik

-Andsnes area. The faults with the major movements show few
obvious drag features, but smaller faults of the same trend and throws
in the order of two meters have marked drag features and the de
formation is often expressed as a monoclinal fold which trends between
N 60 and N 90.
The second system consists of normal faults striking approximately
N 20° and are best developed at Hættekjeilen, on the Sandland penin
sula, where they are well exposed in cliff sections.
E. DISCUSSION

In a brief discussion on preferred orientation of nepheline in gneisses
from Sørøy, STURT (1961), mentions that the meta-sedimentary rocks
outside the Seiland Gabbro province are mainly psammitic with pclitic
and calcareous members. The succession in the Loppen District fits
this general description well and the two successions appear similar.
S TURT (1961) also gives a brief outline of the regional structure
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on Sørøy. The earliest folds recognised have a N-S axial trend. The
folds are isoclinal on a minor scale and display pronounced axial plane
cleavage. The trend of a second system of folds is approximately
NE-SW. The folds are large, open asymmetrical antiforms and syn
forms accompanied by minor folds with axial plane cleavage.
Sturt's earlier fold system appears to correspond to the F1 struc
tures in the Loppen District, while his second system possibly corre
sponds to the F 3 structures. The apparent lack of F 2 trending struc
tures on Sørøy corroborates the evidence for a rapid lessening of the
effects of the F 2 system from west to east. F 2 is predominant on the
west of the Andsnes peninsula, developed equally with F1 on the
southern shore of Olderfjord, but insignificant compared to F1 on
Loppa and the Sandland peninsula. Its absence on Sørøy emphasises
the same trend.
Ill. The gabbro complex

The gabbro complex is the western extremity of the Seiland Pro
vince. Of the many rock types represented the most abundant is a
hypersthene gabbro. Typically this is a coarse sub-ophitic rock but
it also forms a fine-grained garnet bearing marginal phase, a biotite
rich phase due to assimilation near the western margin, and a fine
granulated phase on either side of Langfjord. The large proportion
of sedimentary material included within this gabbro may be psammitic,
semipelitic or calcareous in composition.
Next in abundance to hypersthene gabbro is a coarse quartz-feld
spar-garnet gneiss which is interlayered with the hypersthene gabbro
to the west of Langfjord, and which forms nearly all of Silda. Smaller
masses, later than either the gneiss or the hypersthene gabbro include
olivine gabbro, peridotite dykes, an ultrabasic complex of large peri
dotite fragments in a matrix of anorthosite, and a perthosite. Basic
dykes intrude the meta-sediments west of the gabbro complex, the
hypersthene gabbro and the olivine gabbro.
A.

THE HYPERSTHENE GABBRO

Relatively undeformed hypersthene gabbro is found in the following
areas: (l) Midteryggen, a prominent ridge between Søndre Tverfjord
and Bjørndalen; (2) a large structureless mass east of the southern
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end of Frakfjord; (3) as a sheet intruded into the meta-limestones on
the Andsnes peninsula and (4) in the upper parts of the high cliffs
north-east and south-west of Langfjord Botn.
The included meta-sedimentary material occurs either as compre
hensive units large enough to be recorded on the map, or as narrow
bands and streaks which impart a foliation on the greater part of the
coarse gabbro. Thin section study of the typical sub-ophitic hyper
sthene gabbro (Plate I(a)) shows that it contains clinopyroxene,
orthopyroxene and labradorite (An5n5), with iron ore, as essential
constituents. Small quantities of pale green hornblende, biotite and
chlorite occur around the pyroxene crystals and apatite is present.
The relative abundance of the essential minerals varies considerably.
In general, a relatively high pyroxene/labradorite ratio is associated
with a high clinopyroxene/orthopyroxene ratio, with the clinopyroxene
displaying a sub-ophitic relationship to the labradorite.
Mineral assemblages in the meta-sedimentary inclusions include:
(a) quartz-perthite, with a few highly sericitised plagioclase
crystals and occasional stringers of green-brown biotite;
(b) quartz-orthoclase-oligoclase-garnet, the last altered partially
to biotite;

(c)

quartz-perthite-andesine with biotite and occasional hyper
sthene.

Severe faulting occurs in Sandland valley. However, the presence
in this area of paler gabbro with included meta-sediment, which in
creases in quantity towards the west, and the presence of a fine-grained
garnet bearing gabbro on the extreme west, imply that the faulting
has followed the original gabbro-meta-sediment contact.
The paler phase of the hypersthene gabbro carries large, conspic
uous biotite flakes. It is best exposed on the rocky headlands on
either side of Sandland harbour and it forms the greater part of Ytre
Bjørnviktind east of Sandlands Vann. Abundant meta-sedimentary
inclusions vary in size from a few centimeters to many meters in
length. Even though the banding of the inclusions is often irregular
in detail, the large inclusions possess a surprising similarity in attitude.
Smaller inclusions are completely disorientated.
Although the boundaries of some inclusions are sharp, most are
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Heterogenous gabbro-sediment rock from the western margin of the
hypersthene gabbro. Headland immediately south of Sandland harbour

gradational, and many are streaked out into veins and patches of
pegmatite, associated in turn with an unusually pale variety of the
gabbro (Fig.

11). It appears that the meta-sedimentary inclusions

have been partially mobilised and that the mobile part has both

migrated into the enveloping magma and formed pegmatitic segre
gations. Indeed, there are large areas of streaky heterogeneous rock
(Fig. 10) which are apparently the result of extensive physical and
chemical mixing. The nature and quantity of the assimilated material
is evidence that a very fluid magma has penetrated and reacted with
well stratified rock.
Under the microscope the typical hybrid hypersthene gabbro is a
coarse rock with traces of ophitic texture. Clear crystals of plagioclase
(An55, zoned to An45) and short prismatic hypersthene crystals are
earlier than a colourless clinopyroxene. Both pyroxenes are partially
altered to a pale green hornblende and brown biotite. Occasional
crystals of interstitial quartz separate plagioclase crystals. The large
biotite crystals enclose most other minerals.
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Fig. 11.

Heterogenous

gabbro-sediment rock,

inclusions in the hybrid

illustrating

hypersthene gabbro

streaking

out

of

to form pegmatitic

bands. Headland immediately south of Sandland harbour.

A partially mobilised hybrid rock contains large clusters of opti
cally continuous quartz crystals enclosing and replacing all other
minerals. Plagioclase and orthopyroxene are reduced to rounded blebs
but hornblende and biotite are absent. Pegmatite, probably formed
by the separation of the more mobile part of the meta-sediment

( Fig. 11)

consists of large orthoclase crystals in a fine quartz-ortho

clase matrix with a few chlorite flakes.
The less altered inclusions include a quartz-oligoclase-garnet-iron
ore assemblage and a structureless monomineralic diopside rock.
South and west of Sandlands Vann the irregular faulted blocks of
gabbro have suffered a distinctive alteration in which the plagioclase
has remained clear, but is zoned normally from basic to acid andesine.
The pyroxenes have been completely pseudomorphed by sheaves of
accicular crystals of a colourless to pale green amphibole. Biotite,
apatite and iron ore are present. This alteration appears to be closely
associated with the severe high angle faulting in this area.
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The chilled margin of the hypersthene gabbro runs parallel to the
contact against the quartzites between Sandlands Vann and Lang
strand. It is a fine-grained plagioclase amphibolite with pink garnet,
brown sphene and quartz.
Along the southern shore of Søndre Bergsfjord from Sandland to
opposite Mårøen the normal and hybrid hypersthene gabbros are cut
by numerous shear planes dipping 30°-60° west. At Ytre Bjørnvik
tind the gabbro and garnet gneiss are interbanded at their junction.
This banding is parallel to the general foliation and also to numerous
well developed shear zones. A fine mylonite is formed locally along each
of these zones.
Fine-grained granulated hypersthene gabbro, strongly foliated
and interleaved with narrow bands of quartzo-feldspathic and cal
careous meta-sediments, occurs on either side of Langfjord, and con
tinues south and south-east of Langfjord Botn to Jøkelfjorden. In
the high cliffs to the north-east and south-west of Langfjord Botn
and again immediately north-west of Søndre Tverfjord a gradation
from typical coarse, sub-ophitic, hypersthene gabbro to granulated
hypersthene gabbro can be studied (Plate I).
The mineral assemblage of the granulated hypersthene gabbro
(Plate I(d)) is similar to the typical coarse hypersthene gabbro but
the foliation is accentuated by bands with larger quantities of horn
blende (pleochroic deep green to brown), biotite and andesine (An45
zoned to An35) which occur between bands of orthopyroxene, clino
pyroxene and labradorite (An50 - An55). The orthopyroxene is more
strongly pleochroic (pale pink to pale green) than in the coarse variety,
the clinopyroxene has a more distinct pale green colour and a larger
proportion of the plagioclase crystals are untwinned. Throughout this
rock each crystal is elongated parallel to the foliation and separated
by narrow areas of much finer material. Paler streaks with a smaller
ferromagnesian content of hornblende and biotite, with oligoclase
and some quartz possess a more typically cataclastic texture. There
is every gradation between such bands and bands which are un
questionably of sedimentary origin.
The numerous narrow meta-sedimentary bands in the granulated
hypersthene gabbro are themselves granulated, often showing a cata
clastic texture. Essentially the same as meta-sedimentary material
in the coarse hypersthene gabbro, some bands are rather narrower
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(10-100 cm) and may be traced parallel to the foliation for more
than a mile.
A detailed collection was made of the succession on the west shore
of Langfjord: at the bottom there is a meta-sedimentary sequence of
quartzo-feldspathic rocks containing a number of narrow limestone
horizons and gabbroic bands; on dimbing the steep gullies the bands
become predominantly gabbroic with only narrow quartzo-feldspathic
and calcareous bands. The top of the succession is overlain by a garnet
gneiss, a thick calcareous band running along the contact.
The bands of meta-limestone at the bottom of this succession are
almost certainly of sedimentary origin. They have a fine-grained
assemblage of calcite with diopside, garnet, perthite and some iron
ore. Syenite lenses are closely associated with the meta-limestones
and contain large crystals of microperthite separated by interstitial
bands of granular plagioclase and alkali feldspar, a few broken grains
of colourless clinopyroxene and aggregates of olive-green amphibole
and iron ore.
Syenitic veins, originating in the syenite lenses and cross-cutting
the surrounding meta-sedimentary bands, contain only a trace of
ferromagnesian material, which is broken down to chlorite, with ac
cessory sphene and iron ore.

The quartzo-feldspathic bands throughout the succession consist
of perthitic feldspar, usually as large grains, and quartz with some
oligoclase, biotite or chlorite and accessory apatite. The cataclastic
texture of the whole succession is particularly well developed in these
bands. There is every gradation from the quartzo-feldspathic bands,
through the hornblende-biotite-andesine bands to the normal granu
lated hypersthene gabbro.
B. THE GARNET GNEISS

Coarse quartz-feldspar-garnet gneiss forms thick alternating layers
with hypersthene gabbro in the Sandland-Langfjord Botn-Older
fjord region. The layers are of the order of 500 m thick.
A narrow discontinuous strip is exposed in the low ground imme
diately west of the Midterryggen in the central part of the area where
both contacts are faulted. On the west the garnet gneiss is overlain
by hypersthene gabbro along a plane which dips 50° west and which
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is paralleled by numerous shear planes. To the east an apparently
vertical fault along the valley floor introduces gabbro again.
Another layer of coarse garnet gneiss crops out below the hyper
sthene gabbro on the east side of Midterryggen where the foliation
planes dip west at between 40° and 60°. At the northern end of the
west contact, gabbro and gneiss are interbanded on a smaller scale.
The contact, dipping west at approximately 60°, is parallel to both the
foliation in the gabbro and gneiss and to the shear planes. The contact
is tectonic but the amount of movement is not known. At the southern
end of this west contact severe folding (about an axis plunging SO in
direction N 20°) in the gneiss just below the gabbro contact is related,
in all probability, to overthrusting of the gabbro. North of Søndre
Tverfjord the east contact of this garnet gneiss layer is exposed. The
contact is nearly vertical and the foliation in the gneiss swings through
the vertical as it approaches the contact where it dips 40° east. The
foliation planes in the granulitic gabbro at the contact dip 10° SW.
This layer of garnet gneiss expands southwards to form a gentle dome
in the high area between Søndre Tverfjorddalen, Kanesdalen and Rein
fjorddalen. Approaching the ice cap to the south-east gabbro is intro
duced by faulting.
South of Søndre Tverfjord garnet gneiss overlies the granulated
gabbro. The foliation in both rock types dip approximately 40° west,
but is disturbed near their contact suggesting that this contact is
again tectonic. The gneiss is replaced southwards by gabbro along a
steep east-west fault.

On the island of Silda silicious gneiss on the west coast overlies
semi-pelitic material in the centre of the island which in turn overlies
quartz-feldspar-garnet gneiss on the east coast. Severe folding and
faulting on the northern tip gives way to a more simple structural
pattern to the south, with the foliation planes trending north-south
and the grade of metamorphism apparently increasing towards the
south.
Smaller exposures of garnet gneiss occur near Olderfjord and with
the meta-sediments on Jøkelfjorden.
Typical garnet gneiss contains plagioclase (An30) and quartz with
a small but variable quantity of microperthitic feldspar, garnet (pale
pink and completely isotropic) and small biotite flakes. Iron ore and
apatite are usually relatively common while both clinozoisite and
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sphene have been identified in association with the biotite. Examples
of biotite developing from garnet are frequent but in other examples
fresh garnet and biotite are associated.
The assemblage quartz-andesine-microperthite-garnet, the latter
almost certainly a pyralspite, suggests that the rock has been meta
morphosed in the granulite facies. Epidote, sphene and at least some
of the biotite is retrograde. A gneissic band from the hypersthene
gabbro contact at Ytre Bjørnviktind has a quartz-microperthite
hypersthene-garnet assemblage with biotite formed around the hyper
sthene.
The typical garnet gneiss occurs on the sourth-east coast of Silda
with the addition of very small sillimanite needles between the crys
tals of alkali feldspar. Between this locality and the olivine gabbro
large columnar crystals of kyanite are formed in the garnet gneiss.
At Per Olsavær on the westcoast of Silda the silicious gneiss is a
finergrained equigranular rock of quartz, andesine (An35) and biotite
with smaller quantities of muscovite, orthoclase and garnet. Iron ore,
sphene and apatite are accessories. The gneiss is associated with broad
pale yellow
amphibolitic bands of hornblende (X
pale yellow, Y
brown, Z
pale dull green), biotite and andesine (An30) with abun
da nt sphene speckled with iron ore.
Moving southwards from Per Olsavær to Sommersæte, the texture
of the rock coarsens along the strike and the foliation becomes less
distinct. This coarsening is confined to a few bands at first but becomes
more general southwards until a structureless quartz-orthoclase-plagio
clase-biotite garnet rock with apatite and iron ore is found near Som
mersæte. This rock resembles a garnetiferous granite in the field and
under the microscope.
Between Sommersæte and the olivine gabbro, foliation is again
developed with quartz-microperthite-garnet and quartz-microper
thite-biotite bands alternating. The texture is cataclastic, with larger
crystals of microperthite and garnet cracked and separated by finer
grains of quartz, alkali feldspar and biotite.
Close to the contact some bands have been mobilised and are seen
to vein the other bands. The mobilised material consists mainly of
alkali feldspar, oligoclase and garnet with iron ore and biotite replacing
the garnet. The texture is severely cataclastic, each grain being well
rounded. The unmobilised material is principally oligoclase and quartz
=

=

=
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with only a little interstitial alkali feldspar. Large pegmatite veins
associated with these contact rocks consist of quartz, perthite, biotite
and garnet. Their severe cataclastic texture suggests they, too, origi
nated by mobilisation of the quartzo-feldspathic material.
C. THE OLIVINE GABBRO

A coarse olivine gabbro forms a single mass occupying the southern
tip of Silda and most of Mårøen. Original (? igneous) banding is present
but usually obscured by severe high angle faulting associated with the
development of basic pegmatites. On Silda the olivine gabbro becomes
finer grained, more feldspathic and finally garnetiferous as the contact
with the gneiss is approached. The contact is sharp and the more
feldspathic bands of the surrounding silicious gneiss show local
mobilisation.
The typical olivine gabbro contains large crystals of olivine
partially altered to a green-brown mineral and iron ore, with ortho
pyroxene, clinopyroxene, andesine, iron ore and large apatite crystals.
Large poikilitic crystals of biotite and hornblende (pleochroic from
pale yellow to deep green-brown) appear to be later.
In the various types of basic pegmatite the hornblende plays a
more dominant role and in extreme cases an almost monomineralic
rock of hornblende prisms up to 10 cms long is formed. The formation
of the hornblende pegmatites appears to be of secondary origin and
closely associated in the field with the severe faulting.

Forty feet from its contact with the gneiss on Silda the gabbro
becomes paler and the large hornblende and viotite brystals less evi
dent. Olivine is absent, orthopyroxene is more abundant than clino
pyroxene with both pyroxenes occurring as groups of small grains
associated with small biotite flakes and large abundant crystals of
apatite. Iron ore is also present. Between these ferromagnesian clots
occur large poorly twinned crystals of oligoclase with a patchy extinc
tion and enclosing areas of potash feldspar. Within twenty feet of the
contact more granular crystals of oligoclase occur, with large pink
garnets and pota sh feld s pa r which is more abundant than the oligo
clase. Biotite flakes lie between the oligoclase g rains but only relics

of p yrox en e crystals remain.
The coarse texture and the presence of olivine in the olivine gabbro
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associate it closely with the ultrabasic rocks. However, the marginal
phases of the olivine gabbro has many similarities with the marginal
phases of the hypersthene gabbro as seen in Sandland Valley. The
most obvious difference between the two is the abundance of apatite
in the olivine gabbro.

D.

THE ULTRABASIC ROCKS

Broad dykes and lenses of ultrabasic rock are distributed through
out the area east of a line joining Sandland to Olderfjord. Most exam
ples occur in the hypersthene gabbro but they are also present in the
garnet gneiss. They often lie parallel to the foliation but are trans
gressive in at least two clear examples.
On the extreme east of the area mapped, at the head of Nordre
Tverfjorddalen (Plate I) an ultrabasic complex occurs in the foliated
gabbro. It consists of clumps of ultrabasic material from a few milli
meters to tens of centimeters in diameter set in a matrix of equant
calcic plagioclase crystals. Only the fringe of the complex has been
visited and its extent is unknown.
Throughout the area three principal mineralogical varieties of
ultrabasic rock can be distinguished.
First, there is a coarse olivine-pyroxene-biotite rock which weathers
to a distinctive red-brown surface. This variety forms (l) the clumps
in the ultrabasic complex, where it is extremely coarse; (2) broad dykes
cutting the hypersthene gabbro immediately north of Søndre Tver
fjord and (3) dykes high in the cliffs above and east of LangfjordBotn.
The olivine (2V

=

90°; 25-30%) is fresh with only slight alter

ation to iron ore and the development of pale green chlorite coronas
where it is in contact with plagioclase. Most of the pyroxene is mono
clinic. Orthopyroxene is often entirely lacking, but forms a few large
crystals in some specimens and narrow rims around olivine in others.
The clinopyroxene forms large ophitic crystals each enclosing many
smaller olivine crystals and is more or less altered to pale biotite. In
the early stages of this alteration rods of iron ore are developed within
the pyroxene which takes on a yellow tint from tiny biotite flakes. A
further stage is exposed by complete alteration around borders and
along cleavage planes until finally only a few specks of iron ore remain
in the centre of large poikilitic crystals of pale brown biotite. One
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specimen contains crystals of brown hornblende which becomes a dull
green dose to the olivine.
The small quantity of plagioclase ( <10%) is basic labradorite.
Iron ore occurs as an accessory and is associated with bright green
spinel.
The second variety of ultrabasic rock outcrops within a small area
south and east of Sandlandsvann. Large olivine crystals, fresh inter
nally but granulated around the margins, occur with large clino
pyroxene crystals which are almost completely pseudomorphed by
crystals of colourless cummingtonite (2V

=

90° ± SO) packed with

tiny specks of iron ore. A finer grained matrix between the larger crys
tals contains patches of opaque material, almost colourless biotite,
colourless cummingtonite and a pale green cummingtonite (2V

=

90° ± SO) and specks of calcite. One example is mylonitised. This vari
ety of ultrabasic rock appears to have been formed from the pre
vious variety by cataclastic metamorphism, apparently associated with
the high angle faulting in the area.
The third variety is an amphibolite forming lenses in the granulated
hypersthene gabbro on either side of Langfjord. The lenses always
possess a pegmatitic rim against the gabbro. A typical example is a
comparatively fine-grained rock with green hornblende, brown biotite,
clinopyroxene relics and approximately 10% plagioclase.

Relics of

coarser pyroxene crystals are abundant and all stages of alteration
from the first variety to amphibolite are present. Their lens shape,
pegmatitic border and amphibolitisation indicate that the ultrabasic

dykes were intruded before the movements responsible for the for
mation of the granulated hypersthene gabbro were entirely finished.

E. PERTHOSITE

On the northern side of Øksfjordjøkelen a mass of perthosite syenite
intrudes the granulated hypersthene gabbro and is elongated parallel
to the foliation (Plate Il) . The perthosite contains finer bands caused
by shearing and partly digested inclusions of gabbro. Under the micro
scope the perthosite is seen to be composed, almost entirely, of large
cracked crystals of microperthite and occas:onal relics of a clino

pyroxene with diallage structure altering to flakes of brown biotite
and iron ore.
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The fine grained perthosite and the perthosite veins in the gabbro
have a granulated texture with large cracked perthite crystals sepa
rated by a finer matrix of perthite with occasional crystals of diallage
altering to biotite and iron ore together with accessory apatite.
F. Basic Dykes

Amphibolite intrusions, 50 to 500 cm wide, cut the meta-sedi
ments on the Andsnes and Sandland peninsulas and are post F11 pre
F2 in age (Fig. 7). Amphibolites on Loppa and Silda are probably of
igneous origin and pre F2 in age.
A large number of basic dykes, hovvever, cut the hypersthene
gabbro to the east of Sandland Valley and the olivine gabbro on
Marøen.
In both areas all the dykes examined have a hornblende-andesine
iron ore assemblage and in at least some examples the ore is mainly
ilmenite. In the hypersthene gabbro on the headland south of Sandland
harbour many of the dykes, dipping between 50° and 90° west to
north-west have a coarse eastern margin grading across the dyke to
a finer grained western margin. The coarse rock consists of large pheno
crysts of olivine and orthopyroxene, more or less altered, separated

by a finer matrix of vague lath shaped crystals of andesine and green
hornblende with iron ore. The finer rock of the western margin con
sists only of the andesine-green hornblende-iron ore matrix. There
can be no doubt that the coarse rock represents a crystal accumulate
due to gravity settling. This could not have happened at their present
angle of dip. It must be concluded, therefore, that the hypersthene gab
bro south-east of Sandland Valley has been tilted through an angle
of very approximately 45° (east up, west down) since the dykes were
intruded.
Other dykes cutting the hypersthene gabbro contain partially
altered phenocrysts of a bright pink clinopyroxene, but in the majority
of cases the earlier existence of olivine or pyroxene phenocrysts is
indicated only by knots of hornblende, ilmenite and biotite crystals
or radially arranged chlorite crystals. All the dykes have chilled
margms.
Finally, in both the hypersthene gabbro and the olivine gabbro,
dykes are cut by shear planes and in some examples the plane of
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the dyke has been followed by the shear plane for considerable
distances. Sheared dykes are pale grey in colour, composed of small
rounded oligoclase crystals, with some hornblende, separated by a fine
granulated matrix of biotite and feldspar.
G. SUMMARY AND DISCUSSION

Hypersthene gabbro, intruded into a banded meta-sedimentary
succession, represents the dominant phase of igneous activity within
the gabbroco mplex in the Loppen District. It forms thick sheets
separated by quartz-feldspar-garnet gneiss. The number of sheets
is uncertain, due to subsequent faulting, but on the Andsnes peninsula
two sheets can be convincingly demonstrated, the lower lying in the
middle of the pelitic schists, the upper intruding the meta-limestone.
East of the Andsnes peninsula it is probable that the granulated
hypersthene gabbro, which is overlain by garnet gneiss, belongs to a
lower sheet than the coarser hypersthene gabbro, occurring immedi
ately south-east of Sandland, which always overlies the garnet
gne1ss.
The hypersthene gabbro contains an abundance of meta-sedimen
tary inclusions of all sizes and stages of digestion. The larger of these
are rafts and sheets with a constant orientation and these impart a
foliation on the hypersthene gabbro. This foliation is parallel to the
western contact of the gabbro with the meta-sedimentary succession
and to the regional foliation (Plate Il). In the Sandland area the
quantity of included material increases towards the western contact
along which a narrow fine-grained garnetiferous phase of the gabbro
is developed.
Some of the vertical or nearly vertical basic dykes cutting the
hypersthene gabbro immediately east of Sandland show gravity set
tling with accumulation of large olivine and pyroxene crystals against
the eastern margin. This implies a tilting of this area subsequent to
their intrusion of at least 45°. The present steep western contact of
the hypersthene gabbro, when orientated in a similar sense, becomes
a comparatively gently dipping upper contact.
The origin of the granulated hypersthene gabbro is of considerable
interest. Banded gabbros in other parts of the Seiland petrographic
province, similar to the granulated hypersthene gabbro of the Loppen
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District in the presence of narrow continuous bands of meta-sediments,
including limestones and associated syenites, and alternating bands
of hornblende and pyroxene rich gabbro, have been described from
Seiland by BARTH (1953), from the Øksfjord Peninsula by KRAUS
KOPF (1954) and from Stjernøy by HEIER (1961). In each case the
writers have tentatively suggested that the banding is primary, the
'gabbros' representing a metamorphosed supracrustal series of lava
flows and sediments. In a discussion on their origin KRAUSKOPF
(1954, p. 42) states that their foliation is due to orientation of ferro
magnesian minerals and that cataclastic textures are absent.
The granulated hypersthene gabbro of the Loppen District con
tains bands of hypersthene-clinopyroxene-labradorite rock alternating
with bands in which most of the pyroxene has been converted to horn
blende, and in some bands andesine oocurs. These grade into feld
spathic bands with predominant perthitic feldspar and subsidiary
quartz and oligoclase. These in turn grade into true syenites and meta
limestones. The gabbroic and meta-sedimentary bands are intricately
mixed and either may be as narrow as a few centimeters. Throughout
the series the texture is cataclastic with rounded grains elongated
parallel to the banding (Plate I(d)), while in the more feldspathic
bands these rounded crystals are separated by narrow veins of much
finer material.
The present writers believe that the granulated hypersthene gabbro
of the Loppen District was formed by penetrative deformation of
sub-ophitic hypersthene gabbro. There are four principal features
which support this view. First, the coarse sub-ophitic and the fine
granulated hypersthene gabbros have very similar mineralogical
compositions. Second, both include a similar abundance of meta-sedi
mentary material. As these bands are clearly inclusions in the sub
ophitic gabbro, there is little reason to consider them as anything
else in the granulated gabbro. It is true that in the granulated gabbro
the meta-sedimentary material forms more narrow and perhaps more
continuous bands, but this might be expected if the gabbro had suf
fered severe penetrative deformation parallel to an earlier foliation.
Third, shear zones in the sub-ophitic gabbro and the clear cata
clastic texture of the granulated gabbro show that both have suffered
some penetrative deformation. The difference is one of degree. That
the forces involved were very considerable is demonstrated by the
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low angle tectonic contacts between both the sub-ophitic gabbro and
garnet gneiss and the garnet gneiss and granulated gabbro. The shear
planes, now dipping west at angles between 45° and 70° were probably
formed previous to the tilting demonstrated by the differentiated
basic dykes, in which case their original dip must have been between
0° and 35° west.
Fourth, there appears to be a complete textural gradation between
the coarse sub-ophitic hypersthene gabbro, a typical intrusive rock
which has been slightly sheared, and the normal granulated hyper
sthene gabbro, a wholly metamorphic rock (Plate 1).
The hypersthene gabbros are intruded by peridotite dykes which
are probably associated with the olivine gabbro and the peridotite
anorthosite complex. But the presence of severe faulting and associ
ated amphibolisation of the olivine gabbro on Mårøen and the amphi
bolisation of peridotite dykes east of Søre Tverfjord suggest that these
rocks were intruded before the end of the penetrative deformation.
The hypersthene gabbro transgresses F1 folds and its foliation is
parallel to the axial plane of F2, suggesting that this gabbro was intru
ded between the F1 and F2 deformations.
The mineral assemblages in both the igneous and meta-sedimentary
rocks of the gabbro complex appears to correspond to granulite facies
conditions, although some retrograde metamorphism is apparent. On
Silda an interesting gradation along the strike in three chemically
distinct rock units occurs from amphibolite facies in the north to
granulite facies in the south.

Dr. B. A. Stuart (personal communication) has since determined a
fold pattern in Sørøya, apparently corresponding to the F2 fold of this
paper This fold type is rare and sporadically developed.
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PLATE I

a: P. H. 29.

b: NOR. 1461.

c: NOR. 1495.

d: NOR. 1284.

Textural gradation between coarse, sub-ophitic hypersthene gabbro
(a) and fine granulated hypersthene gabbro (d). (Ordinary light,

x

30).
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