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A STUDY OF FOLD STYLES,

THEIR ASSOCIATIONS AND SYMMETRY
RELATIONSHIPS, FROM SØRØY,
NORTH NORWAY
By
DONALD

A b s t r a c t.

M.

RAMSAY1

and

The Eo-Cambrian rocks of

BRIAN

A.

STURT2

Sørøy have undergone repeated

phases of falding and metamorphism during the Caledonian orogeny. As the
result of the second phase of falding large open symmetrical to asymmetrical
folds were formed in the Sandøfjord area, deformation also taking place on
complementary shears with the production of minor folds having both conjugate
and non-conjugate (asymmetric) styles. The trends of these minor folds fall
into two sets according to the attitude of the axial planes. Considering the
complementary shears alone the symmetry of the movements is orthorhombic,
but having regard to the overall geometry of the fold patterns a lower symmetry
obtains. The relationship of the minor folds to the major structures is discussed

and also the effects of differing lithologies on fold trends and styles.

Introduction

The island of Sørøy is situated off the mainland of West Finnmark
(70° 40' N, 23° E), and lies in the main belt of the West Finnmark
Eo-Cambrian succession some 50 kilometres north-west of the Cale
donian Front. The island is mainly composed of variable metasedi
mentary rocks which have been intensively folded and metamorphosed
during the Caledonian orogeny. The area also has a complicated
plutonic history dominated by the emplacement of large gabbro
masses of the general Seiland province ( BARTH 1 953). Some features
of the general geology of the island are described in a series of accounts
1 Geology Department, Queen's College, Dundee, Scotland.
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Fig. 1. Structural Map of the Sandøfjord Area of Sørøy.
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written in the middle of the last century by KARL PETERSEN (1868,
1883), and a generalised section through the island is given in Ho LTE
DAHL (1944, Pl. 1-6). During the course of a survey of the geology
of Sørøy commenced by the present authors in 1 959 same interesting
and rather unusual fold styles were observed in the Sandøfjord area.
In the Sandøfjord area (Fig. l) the presumed Eo-Cambrian rocks
are a variably granitised and feldspathised meta-sedimentary sequence
comprising psammites, pelitic and semi-pelitic schists, limestones and
calc-silicates, containing mineral assemblages in the Almandine
Amphibolite Facies of regional metamorphism. Interbanded with the
meta-sediments is a sheet of metamorphosed gabbro same 500 metres
thick. The provisional stratigraphy is as follows:
Falkenes Limestone Group

Storelv Formation

Pelite 3
Psammite 2
Pelite 2
Psammite l
Pelite l

Meta-Gabbro
Klubben Quartzite
It would appear by analogies with the Brevikbotn area where
sporadic examples of current bedding are to be found in the quartzite
units, and with

the beautifully preserved sedimentary structures

(current-bedding, ripple-marking, wash-outs etc.) in the Klubben
Quartzite of the Skarfjordhamn -Langstrand area (D. Roberts, per
sonal communication) that the succession as outlined above is in true
stratigraphical order with the Klubben Quartzite at the base and the
Falkenes Limestone Group at the tap.
The Klubben Quartzite is a very thick psammitic formation form
ing most of the central part of the island. Rock types range from
quartz-schists through thin, flaggy granulitic quartzites to massive
poorly schistose granulites. The colour varies from white to dark grey.
In the more pelitic horizons garnets are locally conspicuous and el
liptical pods of sillimanite up to l cm in length are aften aligned in
the F2 strain-slip cleavage. Near the contact with the base of the meta
gabbro the dark semi-pelitic horizons develop ovoidal spots which are
segregations of fine grained biotite and sillimanite.
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The Storelv Formation is highly variable consisting of an alter
nating series of distinctive pelitic and psammitic horizons. The lower
and middle pelitic horizons are garnetiferous quartz-mica schists with
coarse micas coating a lenticular foliation. The middle pelite contains
numerous thin quartzitic layers. Feldspathic spots and segregations
often give the pelites a speckled appearance. The upper pelite (Pelite 3)
is a thick dark rusty weathering group of mica-schists, locally graphitic,
in which small garnets and sometimes staurolite and kyanite abound.
Occasional lenses with large sillimanite prisms also occur. This upper
pelite has locally suffered considerable feldspathisation with the
ultimate production of feldspathic gneisses. It also contains marked
segregations of vein quartz which occasionally contain quite large
crystals of bright blue kyanite. Towards the junction with the Falkenes
Limestone Group thin bands of calc-silicate schists are quite abundant.
The Falkenes Limestone Group contains a complex set of rock
types with a blue-grey limestone at the base. This limestone contains
hard calc-silicate bands - diopside and tremolitejactinolite - which
weather out as marked ribs. Above the limestone is a fine-grained
graphitic phyllite which occasionally contains large bladed kyanite
crystals. Dark coloured ribs of calc-silicate material are prominent in
the graphitic phyllite espccially near the limestone junction. Above
the graphitic phyllite occurs a very striking white 'sugary' quartzite,
some 10 metres thick, which has a thin central parting of mica-schist
which is often crammed with kyanite. Above the quartzite occurs a
group of graphite and mica schists which form the highest part of the
succession found in the area.
Two major periods of folding have been recognised by the authors,
and phases of regional metamorphism have occurred which are both
syn-kinematic and post-kinematic in relation to the fold movements
( STURT, 1 961). The present disposition of the formations (Fig. l) is
mainly the result of the development of large open asymmetrical folds
of the second phase (F2), which have gentle axial plunges and are
traceable for several kilometres in the direction of plunge. It can be
seen from Fig. l that the dominant trend of these structures is WSW
ENE. The F2 folding has been superimposed on structures developed
during the earliest observed folding (Plate I a). The strong schistosity
of the rocks formed during this early (Fl) folding is generally parallel
to the axial planes of tight isoclinal minor folds, and is thus sub-
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Fig. 2. Generalised Geological Section, western side of Sandøfjord.

parallel to the banding. It would appear from the preliminary results
of aur study that recumbent Fl folds of considerable amplitude occur
on Sørøy, and constitute a complex group of anticlinal and synclinal
nappes. The trend of these structures is apparently Caledonoid,
although in detail this is found to be more irregular. From a study of
these structures in the Sandøfjord area and other localities in Sørøy
it appears that the antidinal nappes dose towards the south-east and
the syndinal nappes towards the north-west. The relationships be
tween the two main phases of falding are well displayed on the eastern
side of Sandøfjord, where the structural pattern is dominated by the
large F2 structures of the Storelv Synform and the Falkenes antiform.
These structures are seen however to refold a syndinal nappe which
involves the Falkenes Limestone Group in its core and which doses
towards the north-west (Fig. 2). It is not yet possible to make a full
reconstruction of these earlier structures on a regional basis, but it is
hoped to do this when the mapping of a larger area has been completed.

The phase of highest grade regional metamorphism followed the
Fl falding and gave rise to mineral assemblages characterised by the
development of garnet, staurolite, kyanite and sillimanite in the pelitic
schists accompanied by plagioclase feldspar varying in composition
between An26 and An35, and to the development of diopside and
tremolitefactinolite in the calc-silicate schist and impure limestones.
Associated phenomena indude permeating sheets and veins of granite
and the widespread feldspathisation of the metamorphic rocks. During
this main phase of metamorphism the gabbro was extensively amphi
bolitised and granitised with the ultimate production of rocks appro
aching quartz-monzonite in composition. In the Sandøfjord district
the F2 movements are later than this maximum phase of metamorph
ism as is shown by the local destruction of minerals developed during
that phase.
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The present account is concerned with the geometry of the minor
structures developed during the second phase (F2) movements, and
with their relations to the corresponding major folds of the area. The
structures described are almost exclusively from the Storelv Formation
although some examples are quoted both from the Klubben Quartzite
and the Falkenes Limestone Group.
The Storelv Synform is a large open asymmetrical fold plunging
westwards on the western side of Sandøfjord which opens out on the
eastern side of the fjord into a less definite synclinorium with an
easterly plunge. The southern limb of the Storelv Synform has a mean
northward inclination of 30°--40° for several kilometres to the south
of Sandøfjord and develops minor folds on all scales up to several
hundred metres in wave-length. Minor folds visible in individual out
crops vary from simple asymmetrical folds (Plate I, a) with marked
thinning of the long flat-lying limbs and with the development of a
strong axial planar cleavage in the more pelitic horizons. The steeply
inclined northern limb of the synform is short and passes into the
complementary Falkenes Antiform (Fig. 1).
Although field evidence indicates that the major and minor folds
are broadly coeval, they are not congruent structures, for the axial
planes of most of the minor folds are not parallel to those of the major
folds, but are related to a pattern of complementary (conjugate) shear
planes. Moreover since the intersection of the conjugate shear-planes
(the kinematic b-axis) does not lie in the lithological layering the trends
of the associated minor folds and lineations are not coincident with
the trends of the major folds. In other words there is a non-coincidence
of kinematic and symmetrological co-ordinates. From a consideration
of the field relationships of these various structures it appears that
they are broadly coeval and relate to the same set of compressive
stresses, although it is probable that the conjugate shears are the
latest expression of this stress pattern.

Geometry and Symmetry of Folds

Pumpelly's rule (1894) relating the attitudes of minor and major
folds has received such widespread confirmation in diverse lithological
environments, that it has by some been regarded as virtually axio
matic (cf. BILLINGS, 1 942, p. 7 9). However, as HILLS (1951, p. 97)
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observed exceptions are so numerous that the rule cannot be applied
indiscriminately. Hills applies the term congruous to those minor folds
and drag folds which agree with Pumpelly's rule, and incongruous to
those which do not.
A fabric with monoclinic symmetry reflects movements with a
similar symmetry; the deformation plane and the ac-fabric plane are
coincident and translation in this plane occurs normal to the b ( = B)
axis. All minor folds and b-lineations produced during the movements
have a similar orientation to the major fold and to each other.
In the case of conjugate folds with orthorhombic symmetry, geo
metric and kinematic co-ordinates are coincident, and movements on
the complementary and causal axial-planar shears are again normal
to b ( = B), which is also the trace of their common intersection.
Resultant opposite-facing1 folds, then. have similar plunges.
In recent years many workers have described fabrics with triclinic
symmetry indicative of complex tectonic histories and resulting from:
(a) Triaxial strain where b is not a passive axis of non-distortion but is
a direction of more than minimal strain.
(b) Inhomogeneous strain in the ac-plane can result in the production
of folds whose b-axes have variable trends. Swings of as much as
120° in the trend of some fold axes (Fl) have been observed in
Sandøfjord by the authors, while the axial planes maintain a
constant orientation.

( c)

Movements with monoclinic symmetry affecting formations in

which the orientation of pre-existing s-planes is such that the re
sultant folds have symmetry co-ordinates which are not coincident
with those of the deforming movements (kinematic co-ordinates).
In such cases the direction of translation on the limbs of a fold or
on axial-plane shears may be oblique to the resultant fold axis,
the geometric b-axis, and the minor structures thus have orienta
tions which show no obvious dependence on that of the major
structure.
In the present account the authors recognise the additional case of
movements, which possess an orthorhombic symmetry, producing
complementary shear planes asymmetrically inclined to the layering.
1 The term 'face' is applied in the same way as BAIN (1931), who used the
term in a purely geometric sense.
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Block diagram illustrating the effect of a conjugate shear system
(s' and s") with plunging trace of intersection (b/) in producing two
sets of opposite facing and conjugate folds with diverging axes (b1
and b2).

b.

Five diagrammatic illustrations

of the inter-relationship between

layering conjugate shear planes (s' and s") and fold axes (b or b1 and
b2). i. Both s and bk and horizontal so b is also horizontal and parallel
bk.

ii. s is horizontal but bk is plunging so two diverging fold sy

stems b1 and b2 are produced. iii. bk coincides with the maximum dip
of s so bk parallels the one direction of fold axes b. iv. bk is horizontal
but s is inclined so two systems of diverging, plunging folds (b1 and b 2)
are produced. v. both bk and s are inclined so plunging and diverging
folds (b1 and b2) are produced.
bk is coincident with the fold axes only in cases i and iii.

The resulting fabric only has orthorhombic symmetry where the kine
matic b-axis coincides with the inclination of the layering; in all other
cases the resulting fabric has lower symmetry (Fig. 3).
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Fig. 4. Plots of folded Fllineations- Kobberdal. The crosses represent the Fl
lineations, apen circles the F2 fold axes.

In the Sandøfjord area of Sørøy conjugate and related asymmetrical
minor folds are widely developed in relation to sets of complementary
southerly and northerly dipping shear planes (Fig. 6; Plate l, a) which
indicate NNW -SSE compressive stresses. The extent of movement
on the shear planes is usually unequal so that the number and ampli
tude of the folds overturned in one direction tends to be greater than
those of the other in any outcrop (Plate l, a). The weaker set may, in

some instances, only be represented by small crumples associated with
the development of a strain-slip cleavage. Where this is the case the
strain-slip usually appears to have been superimposed on (Plate l, b)
and to cut across structures associated with the dominant shear-planes.
Examples of folds of the one set refolded by folds of the other have
also been observed. These examples have the character of b 1\b'
tectonites although they have developed in response to the same
pattern of compressive stresse'i. Where the complementary shears are
equally developed, however, there is no questioning the simultaneity
of the movements and conjugate fold pairs are frequently formed.
The pattern of refolding of F1 lineations by F2 minor folds indicates
that these latter are shear folds, as stereographic plots of deformed Fl
lineations, near Kobberdahl, show a great circle distribution (Fig. 4)
(WEISS, 195 9; RAMSAY, 1960).
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}OHNSON

(1956) describes conjugate folds in association with an

orthorhombic movement picture in the Loch Carron district of north
west Scotland, developed during movements on the Moine Thrust. The
orthorhombic symmetry pattem, Johnson points out, occurs beyond
the limits of a single exposure or set of exposure as on a regional scale
"the monoclinic folds are not consistently overtumed in a single
direction". Axial planes with northerly as well as southerly dips are
recorded so that no consistent sense of translation can be deduced.
In the Sandøfjord area of Sørøy conjugate F2 folds are concentrated
in the axial regions of the major F2 folds. In terms of the fold-producing
shear planes the symmetry of the movement picture is orthorhombic.
The intersections of the complementary axial planes of the conjugate
folds (the kinematic b-axis), concentrate in a maximum plunging to
the SW (Fig. 5b). This maximum does not coincide with the layering
so that folds produced by each set of conjugate shears have diverging
trends (Fig. Sa). Geometrically then the conjugate folds have triclinic
symmetry and not orthorhombic.
The conjugate fold pairs form two systems F2' and F2"1 which
show considerable divergence in trend and in the angle of plunge
(Fig. Sa). The folds overtumed northwards (F2') with southerly in
clined axial-planes plunge westwards on the western side of the fjord
and

to

the east

on

the eastem

side.

The

complementary set

(F2") which is composed of asymmetrical folds overtumed towards
the south and with northerly dipping axial-planes is usually less signi
ficant megascopically and generally develops as a crumpling on the
limbs of the F2' folds and has a less precise south-westerly trend.
1 F2' and F2" refer to second phase (F2) folds overturned towards the north
and south respectively.

Fig. 5.
a.

Stereographic plots of F2 folding - Sandøfjord.
Fold axes of 40 conjugate fold pairs (crosses - folds with northerly
dipping axial planes, dots- folds with southerly dipping axial planes) ;

b.

Intersections of axial planes of the conjugate fold pairs;

c.

302 axes of asymmetrical, non-conjugate folds (same ornament as a);

d.

262 poles to axial planes (open circles and dots belong to F2' and
F2" respectively);

e.

196 poles to banding in E. Sandøfjord. Open circles are fold axes
maxima. Contours l, 2, 3, 4, 5, 6, 7 %-

f.

403 poles to banding W. Sandøfjord.
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The plunge of the intersections of the axial-planes of the conjugate
folds (Fig. Sb) is south-westwards occupying a position between the
plunge maxima of F2' and F2". This concentration also approximates
to the axis of the girdle shown by poles to axial planes of asymmetrical,
non-conjugate folds (Fig. Sd) and is thought therefore to represent the
kinematic B-axis.
The relationship between the trend of the fold axes and the dispo
sition of the axial-planes can also be recognised in respect to the
asymmetrical minor folds (Figs. Se and d) which are not members of
conjugate fold pairs. The folds with F2' axial trend dominate the
minor fold pattern (Fig. Se and f). No consistent sense of translation
can therefore be deduced from the asymmetrical minor folds which
fall into two sets with southerly and northerly inclined axial planes.
Kinematically therefore is an overall tendency towards orthorhombic
symmetry.
It has been considered by SCHMIDT (1926), SANDER (l 948), TURNER
(19S7) and others that symmetry is the basic criterion for correlating
fabric with movements, and it is assumed that the symmetry of a
tectonite fabric reflects the symmetry of the movements responsible
for the formation of that fabric. In Sandøfjord the movement picture,
considered in terms of the fold producing complementary shears, has
an orthorhombic symmetry. However, due to the fact that the inter
section of these complementary shears (the kinematic b-axes) does not
lie in the layering of the folded rocks, the geometry of the resulting
fold fabric has a lower order of symmetry and indeed becomes triclinic.
Thus in the Sandøfjord area the kinematic b-axis cannot be deduced
from the maximum concentration of the second phase minor fold axes
and lineations.
The Relationship between the Minor Folds and the Major
Structures

In the normal or 'congruous' attitude of minor folds associated
with a larger structure the asymmetrical 'drag' folds are overturned
or verge towards the crests of the anticlinal closures. Studies of the
style and vergence of the minor folds should therefore indicate the
position of anticlinal crests and synclinal troughs (NEV IN, 1942, p. 6 9).
Sherbourne HILLS (op. cit. , p. 98), hovvever, points out that there are
�
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many exceptions to this rule, and that it must be used with discretion
as a guide to major structures. This is well illustrated by GRUNER
(1941) who states that "the closer a given outcrop is to the crest or trough
of a major fold the more numerous are the drag folds, other conditions
being equal. On the long limbs, however, they may be almost absent, or
what is worse contradictory" .l

In many descriptions examples have been cited where the axial
planes of minor folds are essentially parallel to those of the associated
major structures (N EV IN , 1942), and hence the axial plane cleavage of
the minor folds is parallel to that of the main folds. In the Storelv
synform this is only seen to be true in a fairly small tight fold in the
axial region. In the centre of this fold the axial plane cleavage is
parallel to the axial plane of the main synform but fans out away
from the axis of the fold. Apart from this one example axial-plane
strain-slip is related to the conjugate shear system and is not parallel
to the axial plane of the main fold. The northerly and southerly
dipping axial planes and shear planes have a fair degree of constancy
no matter on which limb of a larger structure they are developed.
I t appears that in Sandøfjord the production of large symmetrical
to asymmetrical second phase (F2) folds did not involve any strong
unidirectional translation of the rocks in the fold-cores, and that no
unique cleavage developed to dominate the fabric, so that the condition
of restricted transport normal to b obtained. Under such conditions a
conjugate shear system with orthorhombic symmetry resulted. On

the small scale this produced conjugate fold pairs. Larger folds and
related asymmetrical minor folds exhibit monoclinic symmetry al
though they are still the consequence of an orthorhombic movement
pattem.
In the Sandøfjord area, within the core of the large Storelv Syn
form and on the southem limb the majority of the second phase (F2)
minor folds show an incongruous attitude in relation to the larger
structures. Asymmetrical folds varying from a few centimetres to a
hundred or more metres in amplitude show vergence towards the
synformal troughs. The minor folds on the limbs of antiforms thus
appear to be pouring off the crests of the antiforms into the troughs
of the synforms. This relationship is particularly well displayed in
respect to a prominent a�tiform on the island of Holmen in Sandøfjord,
1

Present authors' italics.
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Fig. 6. Diagrammatic representation of the relation of larger folds to the sym
metrically disposed conjugate shears (s and s'). The majority of minor folds
on the limbs have an anomalous facing direction. The dominant shear direction

in each limb is indicated by the solid line - s on the right limb and s' on the
left limb.

(Plate I, a and fig. 6). The incongruous folds described in the present
account occur in banded psammites and semi-pelitic schists and vary
from a geniculate style with little or no thinning of the long limbs to
asymmetrical folds with attenuated long limbs and thick overturned
short limbs. Axial planar cleavage is not strongly developed in the
psammitic layers but it may be quite strong in the pelitic horizons.
Although they dominate the minor fold pattern the folds showing
vergence towards the synformal troughs are rarely the only folds
present in any outcrop. On the island of Holmen mentioned above,
for example, minor folds are also developed with normal vergence
towards the antiformal crest. The two sets of folds are representatives
of the conjugate fold series described above in which the folds facing
the crests of antiforms are less well-developed. Both sets of structures
an• broadly contemporaneous with the development of the large-scale
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cms.,

Fig. 7. Conjugate folds in Storelv Psammite l. Shows exaggerated profile of
fold overturned towards the north in a down dip direction.

structures. The minor folds associated with the Falkenes antiform are
predominantly congruous and verge towards the crest of this fold,
although the complementary second set verging towards the synformal
core is usually also represented even if only by a puckering or the
development of a strain-slip cleavage.
FAIRBAIRN (1954, p. 160-1) claims that the minor folds which are
overturned towards the troughs of synclines are not necessarily con
temporaneous with the major flexure, and he considers that they are
in fact shear folds which have formed either contemporaneously with,
or subsequent to the main flexure, though probably in response to the
same system of stresses. He states that more examples of 'wrongly'
facing folds probably have not been reported in the literature because
of the lack of recognition of the shear mechanism.
Folds with vergence towards the synclinal troughs have also been
described by BAIN (1931) from the Marble Belt of Vermont. The fold
styles described by Bain are indicative of flowage - great extension
of the long limbs, shearing of the middle limbs, etc. Bain envisaged
confining pressures exceeding the elastic limit so that when the strength
of the rocks was exceeded they flowed under gravity down the limbs
of the anticlinal folds. He makes the analogy to tar flowing off the
crest of a cambered road. In the Sandøfjord area, however, the con-
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fining pressures do not appear to have reached those envisaged by
Bain in the Vermont area. Occasional examples of F2 folds though do
suggest that flowage has played some part in modifying the profiles
of folds overturned towards the synclinal troughs. Such folds illu
strated in Fig. 7 have extremely exaggerated profiles with curving
axial planes, long drawn out and thinned fold limbs. In such examples
the folds appear to be cascading down the dip towards the synformal
troughs. The complementary conjugate fold set is also seen to have
developed but the minor folds overturned up dip are small geniculate
folds with a well developed axial planar strain-slip cleavage. Both sets
of folds are thought to have been initiated in response to the regionally
developed conjugate shear system.

Lithological Control of Folding

Interesting examples of lithological control on the second-phase
falding can frequently be observed in the Sandøfjord area where the
intensity of the falding has been weak in interbedded thinly-banded
psammites and mica-schists. Slightly asymmetrical open folds develop
in the psammites, and crumples of much smaller amplitude with an
associated strain-slip cleavage develop in the mica-schists. The plunge
of the fold-axes in the psammites and the schists show fairly systematic
differences. In the psammites the plunge of the minor folds is much
steeper than the plunge of the crumples in the mica schists (Fig. 8a;
Plate I, c), so that the two appear to be unrelated structures. As both
structures are b-lineations the rocks appear at first sight to be b b'
tectonites resulting from the refolding of an earlier by a later linear
structure, or as an expression of triaxial strain.
The axial planes of the crumples in the schists have a different dip
and strike from the axial planes of the folds in the psammites, so that
the intersection of the axial planes with the lithological layering in
each case gives a different direction for the fold-axes, and obscures
their simultaneous origin. In nearby exposures, however, where the
fold style is more intense the axial planes of the schists and psammites
have the same strike and the plunges of the folds are the same. It
would appear that the orientation of the strain co-ordinates in less
deformed rocks is not so rigorously controlled, but is more subject to
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Fig. 8. a. S-planes in thin-banded quartzite and mica schist, l km east of Sande
botn. S is layering, Sl and Sl' axial-planes to F2' folds in quartzite and mica
schist respectively; bl and b2 are their intersections with S.

b. Minor fold

axes in differing lithologies. Crosses are mica schist, dots quartzite and apen
circles marble.

local variations. Under such conditions shear planes could develop
with different attitudes in rocks of different lithology.
In the core of the Falkenes antiform east of Sandøfjord another
type of control by the lithology on the attitude of the second phase
(F2) minor folds can be observed (Fig. Sb). The plunge of these folds

in the Falkenes Limestone is on the whole more south-easterly than
the plunge of the minor folds in the psammites and pelites. It can be
seen from Fig. Sb that the folds in the psammites and pelites have a
similar orientation. This is probably due to the fact that the psammites
and pelites are always closely interbanded and show similar effects,
whereas the limestones which are relatively pure respond in a different
manner.
Diverging Fold Trends in the Klubben Quartzite

A further example of diverging fold trends is shown by F2 folds,
developed on all scales. in the Klubben Quartzite at the head of Sandø
fjord. The macroscopic and mesoscopic folds which are overtumed
towards the north i.e. towards the main synformal core, around the
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Fig. 9.

Minor fold axes in Klubben Quartzite south of Sandøfjord.
a.

Whole area south of Sandøfjord.

b.

Area 1 km south of Sandøfjord.

head of the fjord and for some 2 kilometres southwards, have an almost
due westerly plunge (Fig. 9a) with only one axial concentration.
South of this the plunge abruptly changes to south-west, although

the same northward facing attitude of the folds persists (Fig. 9b). This
example of diverging fold axes appears to be unrelated to any of the
above mentioned phenomena, differing from the occurrences described
in the Storelv group where the diverging fold axes are related to the
characteristic attitudes of the axial planes. Also this does not seem to
be a reflection of lithological differences as the rock types are con
sistently the flaggy psammites characteristic of the Klubben Quartzite.

Conclusions and General lnferences

In areas which have been affected by polyphasal movements, the
geometry of the later fold episodes aften becomes increasingly com
plex, due to the disposition of the strata resulting from the previous
deformations. Under such circumstances the symmetry of the mave
ment pattem will not necessarily be directly reflected in the symmetry
of the resultant fold pattem. In the Sandøfjord area of Sørøy this is
found to be the case in regard to an orthorhombic shear pattem where
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the kinematic b-axis does not coincide with the layering. In this
example the symmetry of the resulting conjugate fold pattern is tri
clinic and not orthorhombic.
Shear folds developed late in the formation of major structures
may have an incongruous attitude to the main folds compared with
the more normal occurrences obeying Pumpelly's Rule. Thus in com
plexly folded terrains considerable care must be taken in relating the
minor and major structures.
The study of the fold styles and attitudes developed on Sørøy also
indicates difficulties which can arise in establishing the relative dating
of the fold sequences. Examples have been described of fold-sets with
oblique axes, simulating b 1\ b' tectonites, but which have been formed
in response to the same stress field. Examples have also been illu
strated where folds and lineations have been refolded by structures
produced in response to the same pattern of stresses. These features
show clearly the inherent difficulties of simply applying criteria of the
refolding of minor structures, in establishing the sequence of fold
movements in an area. In Sørøy it has been possible to establish the
exact relationships of the structures described owing to the excellence
of the exposures, particularly the continuous shore-sections, and the
authors consider that similar occurrences may probably contribute
to the confused and often bewildering patterns of minor folds and
lineations encountered especially in less well-exposed terrains.
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have a gentier plunge, simulating b 1\ b' tectonites.

while the smaller amplitude folds in mica schist

The open folds in quartzite plunge 25° to the left

Non-coincident b-axes in quartzite and mica schist.
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