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Abstract

Minor tectonic structures occurring in weakly metamorphosed Hovin and
Horg Group sediments along Teveldalen, cast of Merdker, are described in the
firse parc of the paper. Three episodes of folding are recognized rhe respective
tolds showing differences in style and axial trend. First phase minor fold axes and
lincations reveal a large bur systematic variation of trend, generally berween
SW. and NW. The one major structure, the Teveldal syncline, is shown o
have been produced during the second movement episode, Third phase struc-
rures include a penecrative cleavage axial planar to abundant minor folds
whose axes trend consistently berween N, and NNE Thrusting of the meta-
sedimentary pile in an E-SE direction is related to the concluding stages of
the second generation of folding.

The tectonics of the Stjgrdalen valley area west of Meriker are then described
and particular reference made to the fundamental strucrure, a fan-anticline
here called the Stjgrdalen anticline, This anticline, a first generation strucrure,
is scen to dominate the tectonic picture in the northern Trondheim region;
in all probability it can be traced further south within the central part of the
Trondheim ‘depression’. A comparison of the fold episodes in the Teveldalen
and Srjgirdalen areas is made and minor sceuctures reported from neighbouring
districes are considered in relation o the present sequence of fold movements.

The lase secrion deals with proposed major structural correlations across the
northern Trondheim region. The Hegsjgfjell area, mapped by S Foslie and
described briefly by J. 5. Peacey (1964), reveals a major example of refolding,
With a re-interpreration of the nature of the early isocline and further exa-
mination of the changing artitude of the Verdal synform (Peacey 1964) and
structures across the Verdal region (Wolff 1960}, a correlation of (a) the
Stigrdalen anticline with the early Hegsjgfjell fold and (b} the Teveldal syn-
cline with the Verdal synform now appears quire acceprable,
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Finally, consideration of the thrusting in the Tegmmeris-Hegsjefjell and
central Trendelag-Jdmtland areas would rend w support Strand’s (1961)
sugpestion that the metasediments of the extensive Trondheim region are
allochthonous. In this regard it is quite possible that Peacey's (1964) upper
nappe may be traced down to the southern part of the Trondheim region (sce
Wolff, present volume). '

A. THE HKOPPERA - RIKSGRENSE AHEA
Introdduction

During a study of the structural geology of an area between Meriker and
Hegra in the summer of 1963, time was spent on adjacent ground in order
o establish a more complete regional struceural picrure. The present account
largely concerns the minor structural observations made in the main-road
traverse from near Kopperd up to the Swedish border (riksgrense), a tract of
ground which forms the southern boundary of an arca mapped by Dr. Anna
Siedlecka (1967, sce accompanying paper in this NGU volume)

Weakly metamorphosed clastic sediments regarded as being of Upper Oedo-
vician and Lower Silurian age occur within the traversed area. Only two major
stratigraphical groups are represented the Kjglhaugene Group and the Sligin
Group (Siedlecka, 1967), these in all probability being equivalent to the
Upper Hovin and Horg Groups respectively. The Slagin Group is the younger
of the two and its shales can be followed north-north-eastwards along the
strike (Siedlecka 1967, Chaloupsky and Fediuk, 1967) w the eastern part of
the Kjglhaugene mountains, where a graptolitic fauna shows it to be of Lower
Llandoverian age. The eastern limit of the arca is marked by a tectonic break,
here called the Grense thrust, subjacent to which are quarrzites and gneissic
schists of Eocambrian age.

Lithologically the Upper Hovin (Kjglhaugen) Group comprises metagray-
wackes and graywacke-sandstones alternating with grey-green, chlorite-sericite
phyllites or sometimes fine-grained phyllitic siltstones. These rock-types are
present on both minor and major mappable scales. Where for instance phyllite
predominates, metagraywacke is invariably present as subordinate intercalative
bands; the converse is also generally true. In the exereme north-west an horizon
of greenstone partly with amphibolite and tuffitic greenschist separates the
Upper and Lower Hovin Groups. The Horg (Sligin) Group consists largely
of dark shale or slate with some metasiltstone and sandstone bands. Sedimentary
structures are fairly common occurring mainly in the Upper Hovin Group and
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provide good evidence of younging. Such features, here graded bedding, load
casts and flame structures (Kuenen 1953, Walton 1956) and clasts of shale
incorporated in the basal parts of metagraywacke bands are amply documented
by Siedlecka (1967).

Throughout the whole length of this traverse of Upper Hovin and Horg
Group rocks, indubirable evidence of ar least rwo generations of minor folds
can be demonstrated. In addition to their marked differences of seyle the two
miner fold types exhibic notable disparities of axial trend and axial planar
attitude. The relative time sequence of folding is proven by the many examples
of structures of the later movement episode deforming those belonging to an
earlier episode.

For the purpose of this description the fold episodes will be referred o as
‘early’ and ‘late”. It can be shown, however, that the early period of deformation
is capable of being divided into two phases. Minor folds of both phases are
recognisable although in this small area minor folds of the older phase are by
far the more abundant. In the text which follows, the phrase “early minor
folds” will refer to minor folds of this older phase.

In general the strike of the rocks is NN.E.-5.8.W, with beds dipping towards
the west-north-west, The major structure dominating the geology of the area
is that of an overturned, right syncline containing the Horg (Sligin) Group
in its core. This fold is shown o be a younger phase structure of the early
episode of deformation. While the axes of the late folds plunge fairly con-
sistently at some small angle towards N.-N.N.E, those of the minor early folds
show far greater variarion, trending systematically between S W, and W N.W.
or even N.W. Furthermore a relationship is apparent between the amount of
plunge and the axial direction in the case of these earlier structures.

It should be mentioned that a compass graduated ro 360° was used during
this present study: all quoted dip and plunge measurements and compass
bearings are therefore based on this scale.

The early minor folds and related structures

Evidence for the occurrence of structures belonging to this early generation
of folding is almost ubiguirous. Where folds are lacking related features such
as rodded quartz and associated linear strucrures preserve the identity of a fold
episode clearly older than that responsible for the more open later structures
which also deform these metasediments.

Invariably the early folds are right or isoclinal in style (Figs. 32 and 33),
the inter-limb or dihedral angle varying within the range 0—25°. In the
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Fig. 32. Early isocline deformed by lare folds. Interbanded phyllite/metagraywacke,
Upper Hovin Group. Teveldal road 1 km south of Kopperi.
En tidlig iwklingfold deformert av senere folder. Vekslende fylline/grivabbe, drre
Hovingrappe. Mellomriksveren 1 Em ivd for Kopperd,

eastern parts of the area a tendency 15 manifest for a slightly less acure style
and such folds may be described as tight to close afrer the terminology proposed
by Fleury {1964}, Style variations dependent on lithology are also demonstrable.

The early folds are clearly of shear origin as evidenced by their similar
nature, and lithologies are often thinned or sometimes completely sheared our
along limbs. This applies to both phyllites and graywackes. Conversely, fold
closures are usoally thickened with phyllite frequenty simulating an accom-
modating medium,

Although irs axial planar nature is not always perceptible the schistosiry
displayed by the phyllites can undoubtedly be attributed to this early deforma-
tion and folding. A closely interbanded phyllire-graywacke sequence is the mose
favourable lithology for observing the axial planar schistosity and then, quite
often, only when fold closures are present thus displaying the relationship of
the S-planes to maximum effect. Where fold closures are absent the schistosity
frequently appears to parallel the bedding; alternarively a difference of rwo
or three degrees between bedding and schistosity may be observed on favour-
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Fig. 33, Early folds deformed by late scrucoures, Interbanded phyllite/metagrayoacke,
Upper Hovin Group. Teveldalen,

Tidlige folder deformert av senere bevgelser, Vekilende fyllist/grivakke, gvre Hovin-
grappe. Teveldalen.

able erosion and joint surfaces. With an increasing fold dihedral angle this
difference of attitude berween bedding and schistosity generally becomes more
apparent and a slight fanning of the latter may be evidenr, whilst in the case
aof the uncommon, more open, early folds in massive graywacke the cleavage or
schistosity may fan quite noticeably around the fold closures. In this massive
graywacke carly folds sometimes show a tendency more towards a concentric
than similar style, in apparent disagreement with the generally accepred shear
urigin for this generation of structures.

Linear strucrures, including fold axes, referable to the early deformation
episode are here divided into two groups; an uncommon abnormally trending
group is discussed later whilst those which are common and pervasive are dealt
with immediately below.

Early fold axes and parallel linear structures display an appreciable variation
of wrend (Fig. 35); the variation is shown to be systematic and from the regio-
nal geological point of view is of considerable interest. The lineations generally




Fig. 34. Late cleavage cuming across early folds. Mixed phyllite/zreenschists, basal
Upper Hovin Group. Turifoss bridge, Teveldal road.

Sem Blar sowm sbiwrer igjewnom tidlipere folder. Blander folliee) pronckifer ved baric av
drre Hovingrappe., Tariforr e, Mellomrikiveien,

lie in the trend range 220°—3057, Plunges of these early linearions also show
a systemaric variation which is dependent on the linear trend. In the north-west
of the rraversed section for example, the early fold axes and lineations plunge
W.NW, ar 25°—36". Since the axial direction is here trending almost normal
o the general strike of the metasedimentary banding and schistosity the angle
of plunge approximates to that of the dip.

Moving south-eastwards along the main road che trend of the first genera-
rion folds gradually swings from west-north-west through west to west-south-west.
Accordingly, as the strike and dip remain fairly constant, the axial plunge now
shows a smaller angle. Further south-east approaching the Grense thrust, early
fold axes swing into sub-parallelism wich the thrust which hereabouts strikes
at 054°—0358" and dips ar some 45° to the north-west. In this area with the
early lineations now diverging at only a small angle from the strike, plunges
show values in the range 5°—18°.

Although a few irregularities do occur largely due to the local effece of late
folds, it must be stressed that this change of linear mend is a noticably gradual
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Fig. 35 Swreographic projections of stucrural data (Wulff net, lower hemisphere)
fa) Poles o bedding planes. (b} Farly fold axes and related lineations. (c} Poles to
axial planes of ecarly folds.

Stereografisk projeksjon av straktarer eller data (Walff's wett, wundre halvbule),
ai Poler il lagflater, by tidlige foldeakser og tilbgrende lineasjoner, £ poler til abre
plan for tidlige folder.

one, Within a relatively shore distance along a line almost normal to the
Grense thrust carly fold axes and lineations swing through ca. 60°.

A co-existence of carly linear structures markedly oblique to one another
1s uncommon, Locally however, such a variation in the trend of linear structu-
res which pre-date the late fold episode may be seen within the limits of
one road-cutting in strata with constant dip and strike, although the precise
mutual relationship of the two linear elements has nowhere been observed.
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in such rare occurrences the ‘abnormally’ trending lineation (here N.E-N.N.E)
is represented by the axis of a tight or close fold, while axes of isoclinal or
near-isoclinal folds and quartz rods constitute the normal lineation. Axial pla-
nes of the NNE. trending folds appear to parallel those of the more common
isoclinal folds, bue a difference is seen in that a minute puckering of phyllite
Jaminae may be discernible at the hinges of the folds with ‘abnormal’ trend.
It would seem therefore thar the folds of NN.E. twend have been generated
at a slightly later stage in the deformartion sequence than the more pervasive
early structures.

Immediately south-east of the Sligin Group the folds which there pre-date
the lare structures rrend berween 020°—048° and plunge towards the south-
west or sourth-south-west at 0°—17°, These folds are generally less acute than
arly folds encountered on the upper limb of the major syncline with fold
dihedral angles locally up o 607,

The normal approximately EN.E-W .S W -oriented early lineation is here
‘ndiscernible, yer it is weakly developed in the shales of the Sligin Group and
becomes prominent again some few hundred metres south-east of this group.
Furcher cast, isolared examples of more open, less asymmetrical folds may be
tound: these also pre-date the later movements while at the same time deform-
‘ng the earlier developed schistosity, Towards the north-east along the strike,
such relatively open folds become more prominent (see Chaloupsky and
Fediuk's suggested profile, P1 II). From this various evidence it would seem
permissible to divide the early folding into two phases.

Other significant structures belonging to the earliest deformation phase
snclude quartz-rods, diffuse striations and minute plications or crinkles. Rodded
quartz is quite common tending sometimes to be profuse in the more phyllitic
lithologies; it is much less frequently developed in massive metagraywacke.
Where a mixed phyllite-metagraywacke sequence prevails, such rods are almose
entirely restricted to the phyllite bands. They form prominent features on
weathered surfaces owing to the relative resistance of the quartz to erosion.

A similar lithological control in the development of quartz-rods was de-
scribed by Wilson (1933) from the North-West Highlands of Scotland. In this
Scortish example the quartz-rods are often abundant in incompetent, semi-
pelitic strata and generally lacking in siliceous granulite horizons.

Rods are essentially monomineralic consisting of quartz in large or irregu-
larly sized grains, although they occasionally contain a little calcite. In trans-
verse profile they may be oval, near-circular or irregularly lenticular depending
in part on whether the quartz is of vein or segregatory origin bur also on the
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extent 10 which shearing has affected the particular host lithology. At rimes it
is impossible to ascertain the initial form — vein or segregation — of the
quartz rods moreso when they occur in relative isolation, Near-planar or flacly
lenticular quartz-veinlets whose occurrence and formation was controlled by
the stratification would appear to lend support tw a vein origin. These may or
may not be highly deformed ar early fold closures. On the other hand quartz-
pods and lenses which are drawn out parallel to the early fold axial planar
schistosity are thoughr to be quarrz segregations developed coevally with de-
formation and metamorphism. Some of these may however, be fragmenrs of
deformed veinlers: the field evidence here is frequently ambiguous. The Ben
Hutig phenomenon (Wilson 1953) of some segregatory quartz rending ro con-
centrate in the reduced-pressure zones of fold-apices was observed on only a
restricted scale in the Kopperi—Riksgrense area although further west, beyond
Gudi, such hinge-zone quartz segregarion is more pronounced in higher grade
schists.

The significant tectonic fearure of these quartz rods is thar they are de-
monstrably parallel ro the axes of the earliest folds. Occasionally where folds
are locally absent, quartz rods or an associated streaky lineation aid in the
recognition of the early linear element, On some bedding planes in massive
metagraywacke diffuse clots of quartz and calcite parallel this early linear
direcrion,

A close connection berween fold axes and quartz-rodding was first recogni-
zed by Peach and Horne (1907), again in the Ben Hurig area of North-West
Scotland. This occurrence formed the basis of Wilson’s (1953} paper in which
he emphasized chis relationship of the plunge of quartz-rods o thar of fold
axes and other linear structures and stated that such rods lie at right-angles
to the tectonic movement direction. From the structural symmetry poine of
view rods are monaclinic linear structures with their elongarion normal to the
plane of symmetry. The rods thus constitute a b-lineation: the rectonic co-
ordinates 4, & and ¢ as used here are those defined by Janneraz (1884) and
Sander (1930).

In the present arca an examination of any isolated exposure would show
the rodding as a local b-lineation, paralleling as it does the earliese fold axes.
but when this is considered in the overall regional setting both within and
beyond the traversed area, the tectonic patrern is decidedly more complicared.
While the main direcrion of tectonic movemenr in the region is known to be
towards an east-south-easterly or south-easterly point, this is seemingly in-
compatible with the evidence presented here of gradually swinging minor fold
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axes and lineations if one adheres w the ‘line-
arion perpendicular to movement’ tenet of the
Sander school Clearly, alternative hyporheses
must be considered and are discussed larer,

Boudined greenstone and greenschist bands
and tectonic inclusions of greenstone  occur
within the predominantly metagraywacke sequ-
ence at the base of the Upper Hovin Group
in the north-west of the traversed area. Boudin
clongation where recognisable and measureable
is again parallel or sub-parallel m che early
fold axes. Mewagabbroic sheets and lenses
occur quite commonly in the Upper-Hovin
sequence moreso within the western limb of
the major syncline. Although only cursory ob-
servations were made it appears evidenr that
these gabbros were deformed by the earliest
generations of folds. Derails of petrography
and field relationships of the metagabbros
appear in the accompanying papers of Sied-
lecka and Chaloupsky /‘Fediuk.

The Teveldal syncline

Only one carly fold of major proportions
can be demonsctrated in this area. This fold,
which dominates the structural picture (Fig. 36),
accounrts for the present disposition of dips
and bedding. Horg (Sligin) shales and meta-
silestones occupy the core of the fold and are
flanked by the meragraywacke-phyllite sequence
which, from sedimentary structural evidence,
youngs towards the Horg Group. The fold
would therefore appear to be synclinal — it is
also overturned, asymmetrical and tight or
near-isoclinal — and is here called the Tevel-

Fig. 36, Simplified geological profile along Teveldalen.

Forenklet geologitk profil langs Terveldalen.
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dal syncline. South-east from the Horg Group the swratigraphy is for the
most pare the correct way-up although two narrow zones of shale of identical
lithology to that of the main Horg rocks occur on this normal limb and very
probably represent the cores of smaller folds congruous o the main structure.
Sedimentary structures show that chis interpretation is correct for one of these
shale bands: poorly exposed ground precludes a more accurate assessment of
the second strip of shale,

The width of outcrop of Horg rocks is remarkably constant north-north-
eastwards for some 25 km or more to Kjglhaugene. The same rocks are found
further north in the Marraskarsfjell area (Professor S. Siedlecki and Dr. A.
Siedlecka, personal communication), but do not occur in the Insvarn-Vera-
varn region of the Verdal map sheet, mapped by Wolff (1960), which is char-
acterized by Upper Hovin metagraywackes and phyllites. It is more than
probable therefore that, discounting a possible influence of faulting, a fold
closure of Horg rocks exists in the intervening unsurveyed area,

Direct information on the plunge of the main closure of the Teveldal syn-
cline is wanting. Lack of exposures in the tract of ground underlain by the
sligin Group in the Teveldal valley is probably a consequence of the poorly
resistant nature of chis particular pelitic lithology. Areas in this extensive
Meriker region have been mapped largely from a general geological angle so
that insufficient attention has been paid o tectonic seructures, On the various
maps it is therefore usually impossible, from an examination of fold symbols,
to distingush one fold phase from another, moreso where folds of sub-parallel
trend but different age are thoughe to exist,

An indirect determination of the ardtude of the main fold axis is quire
possible however. Since the width of outcrop of the Sligin Group remains
reasonably constant when traced north-north-castwards and dip values show
no great variations, a major fold axis disposed near to horizontal can be con-
jectured. The absence of these Silurian rocks on the Verdal map sheer implies
their probable discontinuation at a fold hinge: a gentle axial plunge rowards
a south-westerly point is then likely. South of the Teveldal valley the mapping
is incomplete but the Sligin Group again shows a fairly constane wideh of
outcrop (see Plate I, this volume) though with a possible widening in the
Storhusmannsberger area (Z. Pele, unpublished map 1966). In the Teveldal
valley the folds described earlier occurring to the south-east of the Sligin
Group and which, though pre-dating the late deformarion, are less acute in
style than the earliest minor folds, are congruous to the main syncline. Their
small or negligible plunge towards a south-westerly of south-south-westerly
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poine is in all probabilicy a fair reflection of the attitude of the major fold axis.

The first reference to a major fold in this Kopperd-Riksgrense area was
made by Kjerulf (1875) who, on the basis of local easterly dips on Kjerring-
fjellene (some 9—12 km north of the Teveldal highway), regarded the struc-
ture as anticlinal. He stated that, “en antiklinal linie kan fglges fra Store
Kjerringd (nwer jernbanelinien) i Retningen nno, vest under Kjmrringfjel-
dene vest for Halsjg gjennem de sterke foldinger | Kolkjgndalen og videre
gst under Kjglihaugene”. His ‘antclinal line' thus follows the outcrop of the
Horg Group shales. It is interesting to note here that Kjerulf quotes O. Schisez
as having observed two different schistosity or cleavage directions in this ge-
neral area.

Tornebohm (1896 — Fig. 56 and Profile 1, Pl 4) interpreted this same
fold as being synclinal although his reasons for doing so appear to be based
on what 15 now known to be an incorrect seratigraphy. From the map and litho-
logical descriptions, ic is clear thar his Sul Schisc Group in the castern Trond-
heim region involves a mistaken correlation of the present-day Lower Hovin
and Horg Groups.

Higbom (1909} followed Térnebohm in advocating a synclinal fold for
the Kjglhaugene area, His section (PL 7, fig. 11) is very similar o thar pub-
lished in Tornebohm’s important memoir.

Prior to these carly interpretations of the main Teveldal fold, Herbye (1861)
noted that to the north of Teveldalen in the general zone now largely referable
to the Horg Group, small folds were particularly abundant and dips highly
irregular bur he made no reference o any large scale strucrure,

In his paper of 1919, C. W. Carstens indicated the presence of a synclinal
fold in the Meriker-Storlien area. On his fig. 1, plate 18, this syncline appears
as the complementary fold to a larger anticlinal scructure further to the wese,

Mo further mention of a major fold can be traced in the literature unril
Haoltedahl (in Bailey and Holtedahl, 1938) published a comprehensive map
of the “Scandinavian Caledonian Zone” on which a syncline is drawn berween
Meriker and the Swedish border. A similar opinion was held by Bugge (1954).

In a schematic profile drawn from Trondheimsfjord to Storlien, Wolff
i1964) follows Carstens in postulating a major syncline east of a larger anti-
clinal structure, the syncline containing Horg rocks in its core. His argument
for rthis interpretation was based largely on lithosrratigraphical correlations,
Recent mapping, including the imporeant discovery of a conglomerate (the
Lille Fundsjg Conglomerate — see the paper by Chaloupsky and Fediuk)
structurally below bue steatigraphically above a volcanic series (= Srdren
Group), has served to strengthen these views.




Fig. 37. Lare folds with associared axial planar cleavapge. Farly isocline present fuse above
hammer-head. Phylliee, Upper Hovin Group. Teveldal road, sourh of Kopperd.
Sene folder med tilborende abreplantlor, Ex tidlie foblinalfold sees ke over bamrrer.
hodet, Fyllitt, dree Hovingrappe, Mellomribiveien. svd for Kopperd.

The later folds

Although large-scale folds have nor been encountered, minor structures
belonging to rhis later rectonic episode can be observed in virmually every
roadside outcrop. While minor folds are fairly common the most conspicuous
structure 1s a cleavage which is generally axial planar o the folds and
often penetrative,

Many cxamples of earlier folds deformed by later minor structures are de-
monstrable (Figs. 32, 33 and 34) the axial-plane cleavage cutting incongru-
ously across the limbs and schistosity of pre-existing folds. Frequently this
later cleavage becomes the dominant plane of fissility in the more pelitic
rock-types, particularly in rthose of the Sligin Group. In pelite and psammire
alike it may sometimes simulate a major joint.

Concentric folding is characteristic of this episode of deformation. In the
mare psammiric lichology, minor folds are generally open and asymmetrical
with small amplitude relative to wavelength. The perceptible sense of over-
turning is down-dip, axial-plane cleavage being inclined towards an easterly
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Fig, 38, Load cases, flame structures and late cleavage, Upper Hovin Group. Teveldal road.

Palastningravsippamger, flammestrediarer ogp ten Epe. Oere Hovingrappe.
Mellomrikiveien.

point. In a few exposures late minor folds approach a chevron sryle wherein
fold wavelengrth approximares to amplicude, Such chevron or zig-zag folds,
with their straight limbs and fairly sharp hinges, have geometric properties
of both concentric and similar folding. The late cleavage, though axial planar
to its associated folds, is principally a fracture cleavage and may exhibit a
slight fanning around minor fold closures. There is no recrystallization of
minerals parallel to this cleavage, Folds are invariably more abundantly
developed in the pelitic rock-types, often appearing as a rucking or crumpling
of the earlier schistosity with an associated cleavage axial planar to the micro-
folds,

At one locality where load-casts in metagraywacke protrude into underlying
phyllite, the phyllite exhibits a penctrative cleavage which also affects the
flame structures between the load-casts (Fig. 38). On close scrutiny the cleav-
age is seen to be axial planar to late microfolds of some 1—2 mm wavelength,
the shorter limbs having been converted into cleavage planes.

An examination of thin-sections of this phyllite verifies the field evidence:
the late cleavage is entirely mechanical, deforming the early metamorphic
fabric withour any concomitant recrystallization or new growth of minerals.
Mo diaphthoretic phenomena were observed, though several of the planes char-
acrerized by more intense movement are stained with a brownish-red oxidation
product. A progressive development of the cleavage can be traced within any
one thin-section, the ultimate stage testifying to a shearing-out of the shore
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limbs of microfolds: in this, the lepidoblastic sericite of the pre-existing fabric
is perfectly parallel 1o the new cleavage plane but is devoid of any alteration
or recrystallization.

Fig. 39. Stereographic projections of srructural data (Woulff ner, lower hemisphere).
(a) Lare fold axes. Circles are phyllice, dots metagraywacke, (b) Poles to axial planes of
lare folds. Circles phyllite, dors metagraywacke, (¢) S-planes in phyllite/metagraywacke.
§ — bedding plane, Sp — axial plane to late folds in phyllite, Sg — axial plane o late
folds in memgraywacke, B' — intersection of 5 and Sp, b* — intersection of 3 and Sg
{d} diagram of 5/Sp and 5/Sg intersecrions. Circles phyllite, crosses metagraywacke.
Stereografictk projekrion av strekigrelle data (Walff's mett, undre balvkuls), a) Sene
foldeakrer, rirkler er [yllitt, prikker er metagravakker, b) poler il akseplan for ieme
folder. Sirkler or fyllitter, pribber er metagravakber, ¢) S-plan & fyllit/metagrivabke,
5 — lagflater, 5p — absoplan for sene folder i fyllite, Sp — akreplan for rene folder i
metagravakke. & — skjeringslinje mellom § og 5p, ' — skjeringslinfe mellom § og
Sg. &) diagram av 5/5p op 5/8¢ skieringilinjer. Sirkler fyllive, Brysr metaprévakbe.
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Unlike the fold axes of the earliest generarion of structures, late fold axes
are relatively constant in their orientation plunging regularly ar 5°—187 rowards
0°—18" with occasional departures to 355", This N.-N.M.E. trend is a con-
sistent feature of the late fold generation in areas west of Kopperi and Mer-
aker also. Clearly the orientation of the later linear element is markedly differ-
ent from that of the earliest deformation. While refolding, with its arendant
change of orientation of early fold axes and lineations, is demonstrable on a
minor scale, it is nor present on a large or regional scale in this area,

Cleavage refraction is quite common in the interbanded graywacke and
phyllice, Ir is most prominent on a minor and ourcrop scale but can also be
demonstrared to exist berween mappable lichological units. The effects of this
lithological control of late structures are seen not only in variations in the
inclination and strike of the later cleavage bur also in a small bur noticeable
divergence of fold axes. This is readily apparent from fig. 39; in general, fold
axes in metagraywacke plunge more or less due north whereas the majoricy
of axes measured in phyllitcs and shales plunge more towards a 006°—018°
direction.

Another slight variation in the orientation of late fold axes is a direct
result of the refolding of a previously deformed succession, The geometrical
complexity of linear patterns arising from polyphase movements is now well
known largely due ro the work of Ramsay (1958a, 1958b, 1960 and 1962) and
Weiss (1959). An appreciation that the orientation of later fold axes will be
expected to vary according to the dip of the banding which has undergone
refolding is particularly important in this respect. In the present area the late
folds affect both limbs of the pre-existing tight syncline. Variations in lace
fold axial trend would therefore appear likely but account also has to be taken
of other factors such as the shape of the early fold and the angle between
the surface being folded and the axial plane of the new folds,

From a consideration of these variables in the present area, only very small
variations in the orientation of the later folds are likely. Taking the observa-
tions of late fold axes on the inverted western limb of the major fold, the
orientation averages out at 008° whereas the average for identical axes meas-
ured on the shallow eastern limb is 00314°. Plunge values are 11% and 12°
respectively. Thus, the theoretical slight variation is confirmed but it must
be pointed our that a greater number of measurements are required before
a final assessment of the linear divergence can be made.

When B-points (intersections of s-planes) are constructed from bedding and
late cleavage field data, they correspond closely to the observed late lineation
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trend, This construction is helped in its precision by the fact chat throughout
this traversed area the late cleavage is nearly orthogonal to the bedding; thus,
errors of construction are minimal and spurious points absent or negligible
{scc Ramsay 1964). Using this f-diagram rechnique it was found that
f-poines constructed from field measurements in psammitic and peliric licho-
logies (Fig. 3%) were in close agreement with actual measurements of the
respective fold axes and were most useful where folds are locally absent, The
divergence of rrend related to lithology is thus corroborated.

A few hundred metres west of the rraversed section between Kopperd and
Meriker, conjugate late folds are fairly common in WNW-dipping Lower
Hovin phyllites. These are minor structures, occasionally small enough to be
categorized as kink folds and kink bands. Locally che folds overturned towards
the south-gast (up-dip) are predominant. Important differences of axial trend
are inherent in these conjugare folds, axes of the two sets diverging by up tw
27" in any one exposure. While the axes of minor folds with axial planes
dipping to the north-cast plunge towards 0—0035° at some 20°—237, rhose
with axial planes dipping steeply to the west-north-west plunge towards
(022°—27" ar 1}"—13" This disparity is substantiated in diagrams of the
intersections of bedding and the respective cleavages: the constructed kine-
matic b-axis approximately biseers the conjugare axial angle.

From these observations of conjugate structures it would seem that con-
sidering the late fold movemenr picture, orthorhombic symmetry locally obeains
in & region characterized by monoclinic symmeny, However, the intersecrion
of the complementary axial planes of the conjugate folds — the kinematic
b-axis — does not lie in the lithological layering and there is thus a non-
coincidence of the kinematic and symmetrological co-ordinates. From the point
of view of geometry these folds would therefore appear to have a lower, tri-
clinic, order of symmetry (see Ramsay and Sturt, 1963).

Joints

Joints were largely excluded from the present study since time did not
permic the systematic measurement necessary for their inclusion in any
comprehensive structural synthesis.

While joints clearly ‘ac’ to the later folds were prominent locally as
well as in parts of the larger area mapped by Siedlecka, these do not form
any pronounced maximum on a stereogram. In some exposures joints are
present which look to be transverse to the axes of folds belonging to the
younger phase of the first deformation episode. Conjugate joint pairs were
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Fig. 40, Tension gashes in massive psammite, Upper Hovin Group. 600 m west of
Flaten setlement. Teveldal road. Hammer shafr parallel to the bedding.

Teusjonisprebber i mattiv tandstein (prammite), pore Hovingruppe, 600 m veit for
Flaten gird. Mellomrikiveion. Hammerikaftet parallelt med lagningen.

frequently observed; these were quite often noted to strike obliquely to the
late folding tectonic co-ordinates but would nevertheless appear to be related
tnr this lare folding. Cerain of the conjugate joints, one set of which may be
berter developed than the other, may be infilled with quartz and are discussed
more fully below, A jointing direction is also somerimes represented by the
penetrative lare cleavage

Towards the east, moderate-to low-angle joints dipping norch-westwards
hecome fairly conspicuous. Many of these are parallel or sub-parallel to the
Grense thrust in this area, but other oblique low-angle joints are also present.
Minor displacements, including both normal and reverse relationships, can
sometimes be observed and one clear example of near-horizontal movement
along a joint plane is demonstrable. This particular joint, or minor fault,
dipping at 54° to the north-east contains a 1—2 cm vein of quartz which
shows a pronounced lincar grooving akin to slickensides. This linear element
makes an angle of only 4% with the horizontal, and steps in the grooving
indicate the north-eastern block to have moved SE. relarive ro its south-
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western counterpart. Observarions of late folds, cleavage and conjugate joints
at this locality strongly suggest that this minor faule is related to the late
fold episode.

In a fairly massive metasandstone lithology just wese of Flaten (Teveldal)
settlement, tension gashes are particularly prominent (Fig. 40) and many are
infilled with quartz or gquartz-calcite, thus constituting gash veins. The litho-
logical sequence is here the correct way-up, each psammite unir grading
perceptibly upwards into a finer grained metasiltstone, It is interesting w
note thar chis lithological change is reflected in the development of these
tension fractures since many such features, conspicuous in the coarser sand-
stone, do not penerrate the finer siltstone or other shaly bands. On the other
hand the tension gashes terminate abruptly ar the base of any one graded unic,

It would appear that, considering the probable stress distribution responsible
for their development, the tension gashes are related to the later generarion
of structures, While the bedding dips W.N.W. the late cleavage is inclined
constantly towards an easterly point and the related folds, not visible in this
actual psammite, are everywhere overrurned down-dip, towards the west or
west-north-west. The tension gashes can therefore be regarded as resulring
from the imposition of a shearing couple (Fig. 41a) acting along the top and
bottom of each individual lithological unit. This itself would appear to be
associated with bedding plane slip, a point emphasized by other waorkers
{Shainin 1930, Wilson 1961).

A modification of these tension fractures is seen where they assume a sig-
moidal form (Fig. 41b) due to the rotation of their central portions relative
tor their extremeties. Such features have been described from both experimental
studies (Riedal 1929} and natural occurrences (Shainin 1950, Wilson 1960,
1961} and can be observed to a less prominenr extent in the present area.

A further variation of this strucrure has been noted ar the Teveldal locality
wherein a major tension gash, sigmoidal in form, is split into 4 smaller gashes
(Fig. 41c) three of which are linked by minor fracrures, again tensional,
developed in response to the localized distribution of stresses. Such a sub-
division into minor gashes was nowhere observed to affecr contiguous major
tensional fractures,

Thrusting
With the exception of the minor examples mentioned above, faults were
not recognised although the Grense thrust by virtue of irs ca. 45° dip can
perhaps be classified as a major reverse fault, This forms an outstanding ropo-
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Fig, 41. Tension gashes in psammite. {A) Diagrammatic representation showing probable
stress distribution. Yg — younging direction. ST — late cleavage. (B) Sigmoidal Frac-
tures, (C) Division of curved tension fractures into smaller sigmoidal gashes.
Tensjonsprebber § sandsigin (prammite). &) Diagramatisk fremstilling som viser mulig
sressfordeling,. Yg — oppover i lagserien. 5] — sen opprprebbing. B) Sigmoidale
sprekber. C) Oppdeling av burvede tensjonssprebber i mindre sigmoidale dpninger,

graphical feature since the mylonite material constituting the thrust zone has
proved an easy targer for agents of weathering and erosion (Fig. 42). The
thrust zone is here ar least 50 m thick bur poor exposure renders an accurate
measurement -difficolt. A road-cut through the central parr of the zone
provides excellent exposures sub-parallel to the strike which is here about 054°,

The rock is a dark grey mylonire, in part a phyllonite, with abundant
secondary quartz much of which occurs as pods and lenticular segregarions.
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Fig 42, View looking S%W. from Storhien road, riksgrense, showing Grense thrust plane,

Lpper Hovin Group on Stenfjelder (50 Eocambrian gneisses e below mylonite of
thrust plane.

Lirsike mor sydvess fra mellomribrveien ved gressen mot sydvest. En ger thyveplaner,
rre Hovinpenppe (510 Bobambriske pneiver osv. snder tkyveplanets mylonitter,

A lineation plunging 7°—I10" towards 2487 is present, while a weak strain-
slip cleavage of indeterminate direction is seen to deform the mylonite locally.
The highly sheared metasediments immediately above the thrust zone display
a pronounced cleavage trending ar 079° and dipping ar 42° rowards the
N.NW., as well as a lineation near-parallel to thar noted in the thrusc zone.
The late cleavage is here poorly developed and steikes ar 1667 (dip 237 tw
EN.E) while its associated linear element, mostly small folds and micro-
crumples, plunges at 4°—117 rowards 355°. An interpretation of these obser-
vations in relation to strucrural considerations on a regional scale follows larer.

It is of interest o note thar Térnebohm {1896) considered this thrust as a
‘minor overthrust-plane’ in comparison with his ‘grear overchrust-plane” which
on his profile (Tafl. 4) is drawn below the former. The ‘great overthrost-plane’
reaches the surface east of the Koli Schists in Jimtland {Sweden): rhis is
the thrust plane of the Grear Seve nappe (Asklund 1960, fig. 2) the minor
thrust plane being regarded as the rectonic boundary of a sub-nappe to the
main nappe,
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Mineralogical notes

While the metamorphism of the sediments is discussed in the accompanying
papers (Siedlecka op enr, Chaloupsky and Fediuk, op cit), it is pertinent here o
comment briefly on certain mineralogical features and their relationship o the
tectonic episodes. Within the arcas mapped by the above authors, the rocks
contain a mineral assemblage indicative of the quartz-albite-epidote-biotite
sub-facies of the greenschist facies and perhaps, in part, the albite-epidote-
amphibolite facies of regional metamaorphism, It is importane to note thae this
metamorphism accompanied the earliest phase of deformarion; evidence from
arcas to the west suggests that it comtinued parely after the movements had
ceased. The schistosity and general metamorphic fabric displayed by the meta-
sediments is clearly associared with, and has originated during, this early folding
and has subsequently been deformed by two later phases of folding.

A notable mineralogical feature in these Upper Hovin metasediments,
particularly in the more peliric lithologies, is the profusion of biotite porphye-
oblasts measuring up to 4 mm across. These biotites, poekiloblastic and over-
growing and containing the metamorphic syn-carly fold fabric are deformed
by the later microfolds and associated cleavage, although this same cleavage
may occasionally be deflecred around the porphyroblasts. The trend of the
inclusion fabric is perfectly parallel to that of the groundmass schiscosity.

The biotites are frequently oriented parallel or sub-parallel to the schistosity,
though they do occur at any angle to this plane. Pleochroism is generally only
moderate: Z and Y pale orange-brown, X straw yellow, In some of the car-
bonare-rich phyllites and metasiltstones, the porphyroblastic biotites would
appear to be phlogopitic,

This porphyroblastesis, in contrast to the earlier main regional metamorph-
ism, is clearly of a non-kinematic origin and occurred either in rhe static
phase separating the second and last deformation phases or immediarely
preceding the thrusting at the termination of the second phase of the first
protracted episode of fold movements. Evidence favouring the lateer alternative
is that of partial chloritization of biorites in the most easterly specimen of
porphyroblastic phyllite yer examined by the writer. This locality is sitnared
some 100—130 m perpendicularly above the postulated downward extension
of the Grense thrust plane

In all other thin-sections examined (further to the west) no trace of chloriti-
zation has been observed, not even along lare cleavage planes. This would
suggest therefore thar the diaphthoretic features are intimately associated with
the thrusting. In an investigation of the Sylene—Skard@rsfiell region 30 km
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south of this Teveldal area, Schaar (1962) also found chloritization of por-
phyroblastic biotites in similar metasediments to be restricted to the viciniry
of a thrust plane (almost certainly equivalent to the Grense thrust) separating
those metasediments from Focambrian sparagmiric gneisses.

Small pyrite meracrysts up to 1 mm across scattered throughour the more
pelitic rock-types would also appear to post-date the carly metamorphic fabric.
They pre-date the biotite porphyroblastesis however, as several examples of
biotite containing this pyrite as inclusions have been observed, While the
inclusion fabric within such pyrites is usvally parallel to the groundmass
schistosity a few examples show this to be oblique to the latter and in one case
displays a slight sigmoidal curvature. Maoreover, ‘pressure-shadows™ of quarrz
are not infrequently present adjacent to opposing sides of the metacrysrs,
Such a fearure is never encountered around even the most idioblastic of biotite
porphyroblasts. The inference to be drawn from these observations is that the
prowth of pyrice began shortly before the first episode movements had acru-
ally ceased and continued into the interval of relative quiescence prior to
the thrusting,

In the same thin-section in which chloritization of biotites is seen, pyrite
displays varying stages of aleerarion to limonite and haematite rogether with
replacement by scapolite to such an extent that scapolite pseudomorphs afrer
pyrite may be well-developed. The periphery of these pseudomorphs is
generally outlined by limonice,

Quarrz veinlets, with or withour calcite and = 1 cm thick, which post-date
the late fold phase are sometimes present in the more phyllitic rock-types, These
are remarkably persistent features and generally sub-parallel, or rarely parallel,
to the late cleavage. It is of interest to noce thar identical thin quartz veinlers
occur sub-parallel to the late cleavage in the western part of Stjgrdalen in similar
Lower and Upper Hovin Group shales and phyllites.

An uncommon feature in pelites is that of a fine ramifying network of
quarcz and guarrz-calcite veinlets some of wafer-thin proportions. These thin
veinlets may follow the later cleavage planes or joint planes over distances of
several centimetres though on the whole they anastomose discordantly and are
independent of s-planes. No preferential occurrence in the axial planes of lare
folds could be detected. Again, similar veining can be observed in the western
part of Trgndelag. It would appear evident thar the injection of such veinlets
occurred towards the close of, or immediacely following the cessation of the
latest deformartion.
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Summary and structural relationships

The structures in the Kopperd-Riksgrense area indicate thar the rocks
have been subjected to rwo distince episodes of folding, the earlier deformarion
itself being divided into two phases. The major mappable fold, the Teveldal
syncline, can be dated to the younger phase of the early deformation episode.
Although minor structures related to this fold are present, the generally perva-
sive early minor structures belong to the older fold phase, The lare episode
of folding is characterized by minor folds and an associated penetrative cleav-
age, these structures clearly deforming the early folds.

The oldest recognisable folds are generally minor struceures of a tight or
isoclinal nature and of similar style. No general sense of overturning could be
determined. Rodded quartz is commonly associated with chese folds, the rods
paralleling the fold axial direction. A prominant feature, taking the area as a
whole, is the gradual swing of these early lineations through more than 607,
In the Kopperd area in the west the linear element plunges rowards a west-
north-westerly point ar a moderate angle, Tracing chis lineation towards the
Swedish border it swings into an east-west position in the centre of the
rraversed area, then gradually rowards a trend slightly north of east-north-east
nearer the Grense thruse.

An explanation for the present disposition of this early lineation can be
sought either in one of two mechanisms or by recourse to a combination of
mechanisms. Many examples of early lineation trend variations resulting from
deformarion by newer folds are to be found in the literature. Ramsay (1960)
has demonstrated that where an early lineation is deformed by similar folding,
the angle between the disoriented early lineation and the axial direction of
the similar folds varies systemartically across the later fold. The same writer
has also shown that during similar folding, fold axes and related linear struc-
tures are not necessarily developed at right-angles to the principal direction
of movemnent and can indeed be formed at any angle to the rectonic a-direction.
This is the first mechanism which could possibly account for the features seen
over the present area, and which namurally cannot be rejecred as a working
hypothesis in any region that has suffered polyphase deformation.

The second possibilicy explains the curving linear element as a contem-
porancous product of the initial phase of folding. This necessarily lends
support to the assumption thae linear structures under certain conditions may
be formed at any angle to the accepred principal direction of movement. In
this respect the gradual linear swing is in many ways comparable with thar
described by Kwvale (1948) from the Bergsdalen area of Western Norway:
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that area, however, is one characterized essentially by thrust tectonics and s0 a
strict comparison may not be entirely valid. Even so, similarities of linear
variation in both the Bergsdalen and Trendelag areas are of appreciable
interest and will be discussed in the final chapter of this paper. Although
the conclusions with regard to the relationship of lineation and movement
direction are virtually identical in Kvale’s and Ramsay's papers, the means
of achieving rhis end are quite dissimilar and genetically unrelared,

The fearures of the strucrure of the present area would tend to suggest thac
not one of these mechanisms alone can fully explain the linear swing. While
some degree of combination of mechanisms is therefore postulated, it is neces-
sary to consider structural elements furcher to the west as well in the general
Morthern Trondheim region in order to fully confirm this view,

The major Teveldal syncline is demonstrably tight or near-isoclinal and
from an examination of congruous minor folds has a broadly similar seyle,
Its main axial plunge is towards a S5W. - SW. point. The later folds, in
contrast to the early structures, have fairly constantly oriented axes plunging
at & low angle rowards north to north-north-east. Small variations do occur
and rhese have been shown to be relared to the controlling influence of firsely,
lithology and secondly, the disposition of the limbs of the pre-existing Tevel-
dal syncline, Refolding of earlier folds and lineations is present on a small
scale but no regional late folds have as yer been found, These folds are
parallel folds in contrast to the similar folding characreristic of the earlier
deformartion phases.

From an investigation of the various structural criteria, the main throsting
appears to have occurred towards the end of the second fold phase. It is thus
later than the main regional metamorphism bur older than the last recognisable
fold movements in this area. Before considering the lines of evidence pointing
to this conclusion it is necessary to premise the fundamental observation that,
in this general region of the Scandinavian Caledonides, thrust movements have
been directed from NW. to S.E. Local variations occur bur this south-eastward
direction of transpore of thrust sheers and nappes is irrefutable.

Although the thrust zone lithology has not been thoroughly examined petro-
graphically, it is nevertheless clear that the metasediments with rheir asso-
ciated schistosity have been severely sheared and mylonitized. Relatively un-
common strain-slip features deforming the mylonite testify to post-thrusting
movements. Such strain-slips may or may not be parallel to the cleavage asso-
ciated with the late folding. This late cleavage is usually penetrative over all
the area, bur in metasediments immediately above the thrust, it is a porably
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subordinate structure and less closely spaced than elsewhere. The late fold
axes are markedly oblique in trend to the strike of the thrust zone.

These various observations together with those presented earlier provide
evidence of movement both prior to and ensuing the thrusting. Reviewing
the structures associated with the Teveldal syncline, it is noteworthy that over
a region embracing the areas mapped by Siedlecka, Chaloupsky and Fediuk,
the fold axial trend and general strike of the bedding is almost perfectly
parallel to the strike of the thrust zone. Folds of this age — deforming the
schistosity in the phyllites yer older than the late folding and cleavage — are
characterized by an increasing fold dihedral angle to the south-east of the
axial trace of the Teveldal syncline,

Considering the total evidence, a conclusion that the thrusting was in some
way related to the second deformation appears unavoidable. The oldest identi-
fiable folds have all the attributes of plastic deformation whereas the younger
of the two early fold phases seems to have been more variable bur on the whole
less plastic than the former. In the eastern part of the region the plasticity
of the folding was quite possibly at & minimum,

In summary, the terminal stage of the second fold phase can be regarded
as one distinguished by fairly rapidly decreasing plasticity. With the rocks
then acquiring an unaccustomed rigidicy, thrusting is thought to represent the
ultimate product of this deformation. A final point concerns the latest folding
The sense of overturning of these structures is constantly towards the west,
here down-dip, suggesting a westward movement of upper sections of the
merasedimentary pile relative to lower units. This late movement direction
is approximarely opposite to that acceptable for the displacement of the nappes
and thrust sheets in this part of the Scandinavian Caledonides and will be con-
sidered more fully in the concluding regional discussion.

B. DISCUSSION OF THE TECTONICS AND POSSIBLE STRUCTURAL
CORRELATIONS IN THE NORTH-EAST TRONDHEIM REGION
Introductory comments

In the light of present knowledge it would be premature at this stage to
express unegquivocal opinions concerning the sequential aspects of the struc-
tural evolution of as broad an area as that of the northern Trondheim region.
With one exception (Peacey 1964) derailed strucrural studies over this region
are virmually non-existent since previous workers have, through force of neces-
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sity for a general understanding of the strarigraphy, been concerned principally
with the basic mapping of lithological groups. Structural interpretation has
therefore been relegated to profiles based largely on dip observations and
lithological correlation and while this has helped to formulare ideas abour the
generalized structure, informartion on the episodic nature of the Caledonian
deformation is inadequate or lacking,

The present notes concern the findings of the strucrural observations in
the above-deseribed Kopperi-Riksgrense area and their relationship to major
and minor structures investigated over the general Trondheimsfjord-Kopperd
area. An endeavour will then be made to correlate the advocared pattern of
tectonic events with structures occurring further north in the Tgmmeris-
Hegsjpfjell area. While the writer is fully aware of the difficulties entailed
in artempting any long-range tectonic correlations, the distances involved in
this case are relatively moderate and would appear tw present a minor hind-
rance in comparison with the problem of lack of structural information.

The accessibility of Stjgrdalen, the deep east-west valley linking Trond-
heimsfjord to the Jimtland area of Central Sweden, made it the subject and
starting-point for a large part of the early geological exploration in this
segment of the Caledonides. Since for the most part it trends normal to the
strike, the valley provided an ideal cross-section through the various lithologies.
Although details of the stratigraphy are given in several publications (K jerulf
1871, 1875, 1883, Reusch 1883, 1890, Térnebohm 1896, C. W. Carstens 1919
and Wolff 1964), it can be mentioned briefly here that the central part of
Stigrdalen and the Trondheim region is characterized by mica schists often
containing garnet or hornblende and sometimes bearing kyanire, stauralite or
sillimanite (Plate HI). This is the Gula Schist Group, previously called the
Rpros Schist. Reasons for the change of name are discussed in Wolff's paper
in this same NGU volume. Both to the west and o the east of the Gula
Schist Group there occurs a sequence composed principally of greenstones
wirh subordinate amphibolite and quartz-keratophyre. Differences of lithology
are apparent between the western and eastern representatives of this series,
the Stgren Group. Further to the west and east, Lower and Upper Hovin
Group rocks are encountered, these being only weakly metamorphosed. The
Horg Groop is so far known t occur only in the eastern part of Stjgrdalen
where it is known as the Sligin Group.

Fossil evidence, as mentioned previously, shows the Horg rocks ro be of
Lower Silurian age (Getz 1890) and thus represent the youngest sediments
in this region, Sedimentary structures point to gradual ageing of the strati-
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graphy below this group and the pebble content of the basal Lower Hovin
conglomerate indicates derivation largely from the Stgren Group, The de-
scribing of Dicteonema flabelliforme in carbonaceous shales from the upper
Guldal discrict (Stgrmer 1940, Voge 1940) 60 km south of Stjgrdalen is of
appreciable inrerest, although the true stratigraphical position of this fossili-
ferous horizon has not as yet been clarified. The shales are interbanded wich
schists and amphibolites and it is quite possible thac the horizon is situated
within a sequence equivalent to the Srgren Group or alternatively, on complex
structural grounds, ar the top of the Gula Schise Group. Speculation on this
point must remain until a detailed investigation of the area is carried our
Stgrmer (1940) considered the graptolite as dating the shales to the very base
2e, zone of the Oslo region) of the Ordovician,

A recent find of a graprolitic shale from the Lower Hovin Group near
Lokken, S%W._ of Trondheim, has been described by Blake (1962) and was
considered to be of Middle Arenigian {extensus zone, pars. of Britain, 3 by
of the Oslo region) bur Skevington (1963} has queried this and suggests a
slightly younger (hirundo zone of Britin, sz' of Oslo) age. In his paper
Blake suggested the Stgren Group to be “ar least as old as early Arenigian and
quite possibly, Tremadocian”.

From this it will be appreciated thar a precise daring of the various strati-
graphical groups is hindered both by a general lack of fossils and by conjecture
abour the positioning, in relation tw Iocal steatigraphy, of those so far dis-
covered.

Returning to Stjgrdalen, in the west the dip of the bedding of the meta-
sediments is towards in easterly point. Approaching the central Gula Schist
zone dips become steeper: a traverse across the Gula Schist Group shows a
profusion of minor and larger, sheared, isoclinal folds, the recognisable banding
being disposed abour the wvertical The Stgren Group to the east displays
westerly dips becoming less steep as one traverses castwards, Further east is the
Kopperi-Riksgrense area, described above, It will be noted thercfore, thac
over the greater part of the Stjgrdalen profile the stratigraphy is inverted.

Previous interpretations of the Stjerdalen structure
The first descriptions of the Stjgrdalen profile were those of Kjerulf (1871
and 1883) who considered the whole as a synclinorium with che schists of
the central “vertical zone’ as the youngest rocks (Fig. 43a). Svenonins (1885)
went to the other extreme in considering these same schists as the oldest group
lying in the core of an anticlinal structure squeezed up as shown in fig. 43b.
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Reusch {1890) agreed with this latter interpreration but modified the profile
slightly to accommodate the Gudd conglomerate which was then thought <o
be of Silurian age (Fig. 43c).

Tornebohm's (1896) ideas on this structure are somewhar difficult ro grasp
as he did not draw a profile directly along Stjgrdalen. The impression gained
from sections sketched both to the north and south of chis area and from his
interpretation of the stratigraphical succession is that he was an advocate of
the synclinorium hypothesis,

In his lengthy treatise on the geology of the Trondheim region, C. W, Carstens
(1919} was firmly in favour of an anticlinorium with the Réros Group { = Gula
Schist Group) in its core (Fig. 43d). He applied this interpretation to the
whole of the Trondheim region. Holredahl {in Bailey and Holredahl, 1938)
alse indicated this same structure as being anciclinal.

Th Vogt (1940) on the other hand believed the central part of the Trond-
heim region o be of synclinal character. His profile in the eastern part of
Guldalen was more or less a mirror image of Bugge's (1910) conception of the
structure around Rennebu: Bugge (1910, 1912) also looked upon the regional
structure as a simple syncline but later (1954) reversed his views.

Wolff's (1964) section along Stjgrdalen is basically similar to thar drawn
by Carstens (1919), the oldest rocks occurring in the core of an anriclinal
struceure (Fig, 43e). The main differences are seen in a revision of the strati-

Fig. 43. Simplified interpretations of the central Stjgrdalen seructure. [A) Kijernlf: Ms
— mica schist and gneiss with granite veins. G — greenschist ar Meriker. 5 — siltstone
and shale. (B) Swenaminr: Ms — mica schist. Gn — gneiss, granire-gneiss, quare schists.
5t-Ph: — silstone, shale and phyllite. (C) Rewsch: R — riksgrense, (D) Cuarstens:
| — Rgros Group. 2 — Bymark Group. 3 — Hovin Group. 4 — Sparagmite forma-
tion. 5 — Eroptives. (B} Welff 1 — Reros Group. 2 — Gudi conglomerate. 3 —
Storen Group, 4 — Lower Hovin Group, 5 — Lower Hovin Group. 6 — Horg Group
with local basal conglomerate. 7 — Basement. (F) Presest paper: 1 — Gula Schist
Group, 2 — Gudd conglomerate. 3 — Stgren Group. 4 — Lower Hovin Group. § —
Upper Hovin Group, basal conglomerate in west. 6 — Horg (Slagan) Group. 7 —
Encambrian, mostly gneisses and schists, 8 — Possible slide zone.

Forenklede tolkninger av strakinren § wmidire Stiprdalen. a) Kjeralf: Mi — plimmer-
ikifer op gueis med granitidrer. G — gronuskifer ved Merdker. § — ledritein og skifer.
Bi Svenowmiss: Mi; — glimmerskifer, Gn — gnefr. granitigneis, kvartsskifer, Se-Ph-leir-
stein, skifer og fyllite. C) Rewsch: B — rikigrense, D) Cartens: 1 — Rerosgruppen,
2 — Bymarkgrappen, 3 — Hovingruppen, 4 — iparagmitiformarjonen, 5 — sraptiver.
E) Walff: 1 — Rearosgruppen, 2 — Gudd-bonglomeratet. 3 — Stdrengrappen. § —
Undre Hovingrappen. 5 — @rvre Hovingruppen, 6 — Hovingruppen nwed lokalt basal-
bonglomerat. 7 — underlaget. F) Detre arbeider; 1 — Gularkifergrappen. 2 — Gudd-
tonglomeratet, 3 — Stgrengrappen. 4 — Undre Hovingrappen. 5 — Aere Hovingraf-
pen. basalbonglomera i vest. 6 — Horg (Sligdn)-gruppen. 7 — Eokambrinm, for det
meste gueiter og ibifre. 8 — Malige glideroner.
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graphy, based largely on lichostratigraphic correlation with the Hglonda-Horg
district of the Trondheim region (Vogr 1943), but also taking into account
the structural position of the Silurian (Horg) rocks further to the east.

In his important study of the Hglonda-Horg area, Vogr (1945) referred
1o relarively high-grade schists (his Brek Series) as occurring stratigraphically
below the Stgren Group, These schists would be cquivalent to the Gula Schist
Group of the presenr area. Alchough no regional seructural implications were
suggested, Vogt's SW. Trondheim stratigraphical sequence is not consistent
with his earlier opinion (Vogr 1940) on the regional strucoure,

The above review of the literature shows that there has been considerable
disagreement as to the precise nature of the main structure present in the
central zone of both Stjgrdalen and chis part of the Trondheim region. Opini-
ons have oscillated between the syncline and anticline interpretations, mainly
it would seem because of confusion over the stratigraphical succession. As
knowledge of the region has increased, so the concensus of opinion has appeared
te favour an anticline as the dominating structure, Despite this revised view,
again based solely on stratigraphical relationships, detailed structural observa-
tions either favouring or repudiating it and determining relationships with
adjacent strucrures have been entirely lacking up to the present time.

In the present writer's opinion the major Stjgrdalen fold is a fan-shaped
anticlinal structure, the core of which is characterized by intense isoclinal
folding accompanied by shearing and stretching phenomena (Fig. 43a), such
that relics of this early folding are frequently limited to minor fold closures.
the limbs having been destroyed. Intrusive bodies of trondhjemite, trond.
njemite-pegmarite and associated acidic rock types are locally abundant in these
schists. Alchough the central and western parts of Stjgrdalen will form the basis
of a subsequent publication, some features of the tectonics and metamorphism
are discussed below in relation to the sequence of evenrs advocated for the
Kopperd-Riksgrense area.

Tectonic relationships in the Meraker - Stjerdalen region

In the previous account of the tectonics of the Kopperi-Riksgrense area.
it was stressed char the earliest deformation was of a plastic narure and was
accompanied by the development of the pervasive schistosity. While the mera-
sediments east of Kopperi were clearly affected by only a low-grade mera-
morphism, a perceptible increase in grade can be rtraced westwards moving
down in the stratigraphical succession until the more strongly metamorphosed
Gula Schist Group is encountered in the core of the major anticline, here called
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the Stjgrdalen anticline. Further west a eomplementary decrease in grade can
be observed on moving out of the zone of schists and up the succession.

Particularly instructive evidence with regard to the sequence of fold phases
and the age of the main metamorphism in this central district can be found
just to the west of Gudi within the Gula Schist Group. The schists here are
garnetiferous and sometimes contain kyanite and fibrolite. Locally the schists
conrain abundant thin quarezitic ribs thus presenting a somewhar more compe-
tenr, mixed pelice-psammite lithology in which minor folds and fold rela-
tionships are far berter preserved than elsewhere within the Group. The Gudi
conglomerate, the origin of which has provided a fair amount of controversy
(Backstrom 1890, Kausky 1947), occurs within this generally more psam-
mitic zone.

In these schists isoclinal folds, often of considerable wavelength and to which
the schistosity is axial planar, are deformed by folds which, though varying
from fairly open tw isoclinal style, are generally rather tight seructures (Fig. 44),
Puds of fibrolite-muscovite lying within the schistosity are stretched in a direc-
tion paralleling that of the axes of the earlier isoclines and are bent around
the closures of the superimposed tight folds. From these observations ir is
quite clear thar two generations of folds are present, but it is equally important
to note that both these fold types pre-date the latest fold episode. Minor
structures of this lare deformarion have not been observed in this small area
of Gula Schists west of Gudi bur they appear two or three hundred metres
further east in greenschists of the Stgren Group and become gradually more
conspicuous eastwards, Within the variable lithologies constituting the Stdren
Group both generations of seructures pre-dating the late folding are identifiable.

The minor structural sequence in this more central pare of Stjgrdalen is
therefore comparable with that found in the area east of Kopperd, although
rraceable differences in the sevle and stages of development of these structures
can be observed. More significanr are the relations of minor structures of each
phase to the major structures and from this it will be shown that the rela-
tionship of the Stjgrdalen anticline to the Teveldal syncline is not as straight-
forward as might inidally be assumed, Detailed descriptions of the minor
structures associated with each of the deformation phases are beyond the scope
of rhis paper, but it is essential to consider certain observations which are of
particular significance to the present discussion.
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@l First phare wminor stractures

The earliest recognisable minor folds are the isoclines with their associared
axial planar schistosity. These strucoures occur throughout the Gula Schist
Group although chey are often difficule to observe immediately on account of
the intense shearing and monotonous lithology, The most prominent linear
element paralleling the fold axes is that of rodded quartz. In the eastern part
of this central zone with the banding and schistosity striking constantly N.N.E.
and dips generally either steep towards the W.IN.W. or verrical, linearions
plunge rowards SW.-5.3.W. at a moderate angle, In the vicinity of the Gudi
conglomerate zone south of Stjgrdalselva (the Stjgrdal river) the trend is west
of 5%, now markedly oblique ro the general strike of schistosity and banding,

The most outstanding feature of the Gudd conglomerate is the extreme
deformation of its pebbles, the maximum elongation lying within the plane
of the schistosity and ascribed to the earliest deformarion phase. Although a
detailed examination and quantitative study has not yer been carried our,
preliminary observations show the main pebble orientation to trend almost
normal to the strike of the schistosity, plunging steeply towards a westerly
point, Locally a trend more towdrds 2407 is present, there almose paralleling
the axes of the earliest isoclinal folds: however, instances are noted within a
metre or two of westerly plunging pebbles, of similar isoclinal folds in a mixed
schist-quartzite lithology plunging towards a south-south-westerly point. Thus
the earliest lineation in this small area would appear to be quite variable.
To some extent this variation can be attributed to the superimposition of
second generation folds, bur examples of plunge wvariation associated with a
common schistosity plane can be seen in the form of ‘eyed” folds in a mixed
schist-psammite sequence on the plateau twp north of Stjgrdalselva. This
strongly suggests that some of the variation in the earliest linear trend was
synchronous with the developmene of the earliesc folds.

Further to the east in the Stgren Group between Gudi and Merdker, the
recognisable earliest isoclinal folds and lineations plunge towards a west-south-
westerly  point. The type-locality of the recently discovered Lille Fundsjg
conglomerate (Chaloupsky and Fediuk, 1967} was visited briefly by the wrirer
with a view to obraining information on possible pebble orientation, It was
found rhar severe strerching akin o thar seen in the Gudid conglomerate is
absent bur a pebble orientation is clearly discernible plunging ar 30° owards
270°—278", almost normal to the strike at this localicy.

Ar another locality 1 km along the strike the pebble lineation plunges to-
wards 282° A few pebbles were observed fractured normal to their longest
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Fig. 44.. Refolding of firse-phase isoclines by second generation strucrures. Interbanded
schist-quarzite lithology. Gula Schise Group; just west of Gudi.

MNyfolding av forstefaser soblinalfolder ved anmen gewerarionr folding. Vekiling av
skifer og Bvartiin, Gulaikifergrappen ke vent for Guds,

dimension, the segments sometimes having been pl.dler,l apart with the schis-
osity of the macrix flowing around and partly between them. The fracruring
of the pebbles could therefore not have been younger than the development
of the schistosity. This various evidence indicates that the pebble orientation
is a fearure of the earliest phase of deformartion.

Eastwards from the central area of the Gula Schist Group a gradual swing
of the earliest lineation is therefore manifest, from S5 W-5.W. through west
to a point north of west in the Meridker area; rhis is achieved withour any
notable change of strike of banding or schistosity. It will be recalled thar in
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the Kopperd area some 5 km east of Meriker, the early lineations plunge
WMN.W. down the dip of the schistosity. Further to the east, a gradual swing
back rowards a south-westerly plunge was described.

b) Secomd phase minor structures

Folds ascribed o this peneration of structures deform the schistosity and
related early linear elements. They are generally right though showing marked
variations in style within the Gula Schist Group. Although no cleavage or
schistosity attends these folds, a rucking of the pre-existing schistosity at the
fold closures is nor uncommon,

In this cencral Stjgrdalen district the area of schist with quartzite bands juse
west of Gudd provides the most prominent examples of second phase minor
folds. Further west these structures become inconspicuous, Many such folds in
this Gudi area approach isoclinal style though amplitudes are generally small.
A stream-section on the south side of the Stjgrdal valley some 500 m west of
the farm Bitnes displays many examples of refolding, first phase isoclines being
deformed by second phase scructures (Fig. d4a and b), The host lichology is here
an intensely sheared, closely banded alternation of quartzite and schist such that
first phase fold hinges are frequently divorced from the sheared and sliced limbs.
Indeed in cerrain places the lithology takes on the guise of a deformed conglo-
merate. The shearing is a firsc phase deformation phenomenon. In the present
writer’s opinion both true conglomerate and pseudo-conglomerate are present
in this small area but discussion on this subject must be postponed until a more
complete study has been undertaken,

The axes of second phase minor folds plunge fairly regularly ar 10°—30°
towards 5.-8.5.W. In the mixed schist-quartzite lichology, however, although the
trend shows litele varigrion some axes are seen to plunge rather more steeply
towards SSW whilst one or two plunge to the NNE ar moderate angles.

Folds of this generation are irregularly developed in the Stgren Group east
of Gudi. Where prominent they are of tight to close style with either one or
two sets of associared widely spaced shear planes; where two shear directions
are present these are parallel to the axial planes and long limbs of the folds.
Fold amplitudes may be in the order of several merres.

Between Meriker and Kopperd information on these folds is lacking. They
are again noticeable in the Teveldal valley area further east as structures of
varying amplitude congruous to the major Teveldal syncline, Plunges there are
gentle rowards 5W.-5.5.W.




Fig. 45. Lare (third-phase} chevron-styled fold showing en échelon arrangement.
Phyllite, Lower Hovin Group. Forestry teack north of Flornes bridge, Stjgrdalen.

Sen (eredje faie) siksakfolder wmed trappeforse. Fyllin, wedre Hovin-grappen.
Skogrved nord for Flormer bra, Stigrdalen.

el Third phare minor structares

Within the Gula Schist Group minor strucrures belonging to this youngest
episode of deformation are almost entirely absent. The only cccurrence is
be found in the westernmost parc of the schist zone within a locally more
phyllitic or slaty horizon. There the deformation is represented principally by
kink-bands or kink-folds: the bounding surfaces of such bands, rarely > 15 mm
apart, are generally parallel over a distance of a metre or more though they
sometimes merge to form a single slide-plane. Such kink-bands only affect the
finer-grained phyllitic lithology and are not developed in coarser inter-
banded schists,

Westwards traversing greenschists of the Swgren Group and Lower Hovin
phyllites, a gradual development from the incipient kink-bands ro chevron-
styled folds of increasing amplitude and wavelength can be demonstrated,
until an axial planar cleavage is prominenty developed. The sense of over-
turning of these folds — frequently arranged en échelon (Fig 45) — is
down-dip towards an east-south-easterly point. Whereas the hinges of kink
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folds are sharply defined, a gradual rounding of hinges with increased fold
development is observed probably due to the coarser more psammitic inter-
calations in the Lower Hovin rocks behaving in a more isotropic manner.
Further to the west beyond the village of Flornes the cleavage becomes pene-
trative in weakly metamorphosed pelitic Lower and Upper Hovin sediments,
a situation analogous to thar existing in the Kopperd-Riksgrense area for
the late structures.

Fold axes have a relatively consistent orientation, N.N.E-5.5W, Plunges
are mostly towards N.N.E. at anything up to 20° but in several cases these
third phase axes are horizontal or else plunge to the SS.W. at some small
angle. From a detailed study of a well-exposed area in phyllite near Flornes,
any one fold axis can be shown to possess a variable plunge. The variation
appears to be wave-like and is demonstrable on all scales. Furthermore, the
trends and plunges of parasitic minor folds on the limbs of larger chevron
folds frequently do not shown a parallelism with the main fold axis.

Axial planes, and cleavage where present, dip consistently at some small
angle towards an EN.E-ESE. point. Further west cleavage dips up to N°—
35° have been noted With an interbanded phyllite (shale) and graywacke
lithology, excellent examples of cleavage refraction are encountered.

In the Flornes area a conjugate set of third phase kink-bands or minor
chevron folds is occasionally present. Such simultaneously developed paired
folds do not appear further west,

On the eastern limb of the Stjgrdalen anticline third phase structures appear
in the greenschists of the Stgren Group as microfolds, phyllitic lineation and
sporadic kink folds. A strain-slip cleavage is developed in the vicinity of
Meriker and this dips towards EN.E-E. Further to the east rthese late folds
become wery abundant with a penetrative eastward-dipping axial planar cleav-
age. as described in the notes on the Kopperi-Riksgrense area. Fold axes
throughout this district berween Gudd and the Swedish barder plunge con-
sistently ar some small angle towards N.-N.N.E. The sense of overrurning of
these late folds is again down-dip, here to the W.IN.W., but it will be seen
that the sense of movement is here opposite 1o thar which holds for the wesreen
part of Stjgrdalen (Fig. 46).

Conjugare folds and kink-bands also occur in one part of this eastern distriet
and have been described earlier. It is interesting to note firstly that the
conjugate structures tend to be restricted to the thicker horizons of the more
homogeneous dark phyllites, though they do occur sometimes in fine-grained
greenschist, A second point is that in this general region these paired folds and
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kink-bands appear to be developed preferentially in the steeper dipping or
near-vertical zones, lithology permitting, Paterson and Weiss (1966), reporting
on experimental deformation in phyllite, have shown that under compression
parallel or sub-parallel to the foliation, conjugate kink folds are readily devel-
oped whereas in cases where the phyllite is compressed at moderate 10 large
angles to the foliation, only a single set of kink folds is formed, These conclu-
sions invite speculation with regard to the ficld occurrences described above,
but without a more thorough knowledge of the third phase strucrures in this
Trondheim region it would be dangerous o acempr any correlations. Maore-
over, experimental stress-strain relationship probably differ appreciably from
those under narural condirions. It is nevertheless of interest to note the similar
geometrical properties of these experimentally and geologically induced struc-
fures.

d) Relationship of winor and major riructures

The features of extreme deformation displayed by che first phase minor
structures are particularly ubiquitous across the central part of Srjgrdalen
within the Gula Schist Group. Away from this anticlinal core the evidence
suggests a gradually diminishing intensity of deformartion, this at the same
time allied to a decreasing grade of metamorphism.

The pervasive schistosity normally parallels whatever banding may be pre-
sent, except of course at minor fold closures. In the lower part of the Stgren
Group at Gudi keratophyric and greenschist horizons have been folded,
squeezed and sheared to an extent thar it is impossible to determine the original
stratigraphy; schistosity is parallel to this banding.

The Stjgrdalen anticlinal is clearly a product of the first phase of deforma-
tion. The vertical or near-vertical disposition of banding and schistosity across
the core of the Gula Schists, associated with innumerable sheared isoclines
would appear 1o testify ro this conclusion. Second phase minor folds deform
the earlier developed schistosity but are numerically insignificant in the central
zone. It is therefore virtually impossible 1o reconcile these structures with the
development of the major fan-anticline.

Second generation minor folds on the other hand increase in magnitude
towards the east so much so that, as previously considered, the major Teveldal
syncline is ascribed o this phase of deformation. The situarion, therefore, is
that in rthis eastern Trondheim region two apparently complementary major
structures are regarded as having developed at different rimes in the protracred
deformation history. The time interval separating the evolution of the two
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structures, though impossible to evaluate, 1s considered to be relatively short
and indeed, as will be discussed, it may be preferable to consider the develop-
ment of the structures as the product of a broadly continuous deformation.

While the minor folds associared with the second phase of folding are found
o be enngruous in relation o the major scructure in Teveldalen, ic is difficult
to come to any indubitable conclusion with regard to the relationship of minor
first generation folds to cheir parent structure, This is primarily a consequence
of the very nature of the folding and excessive shearing in the central parc of
Stjprdalen which has tended to mask the acmal relationship of minor and
major siructures, In many exposures it is impossible o differentiate berween
the long and shorr limbs of isoclines. Where this is visible the sense of over-
turning may change quite frequently on traversing across the strike and wide
zones are encountered wherein the minor folds appear incongruous towards
the major anticlinal structure. It has been noted however, thar shearing is most
extensively developed along the long limbs of folds of various dimensions so
that considering any one fold, minor folds parasitic to this structure rend to be
berter preserved or indeed restricted o the shoreer limb, On this basis the main
sense of overturning of recognisable folds in such a highly sheared domain
would appear to be incongruous to the accepted major struccure, Where the
effect of shearing is diminished a more congruous relationship obtains,

The possibilicy of the occurrence of slides in this region awaits more
extensive investigations. To the west of the anticlinal core the stratigraphical
sequence is much attentuated, and near Flornes an 80 m thick band of green-
schist with some coarser greenstone occurs within a phyllitic or partly phyllo-
nitic lithology riddled with secondary quartz. Minoe structural evidence
indicares thar the greenschist band does not occur as the resulr of reperition
by folding buc it is quite conceivable that it has been derived tecronically.
A few kilometres further north-north-east in Forradal, the interrelarionship of
phyllice, Segren greenschists and greenstones and rocks of the Gula Schist
Group is exceedingly complex. Although only a reconnaissance survey has yer
been made, it is certainly quite possible that a syn-metamorphic slide or slide-
zone exists at abour this horizon.

Considerable bur systemartic variations in the attitude of the earliest minor
lineations present an important structural feature over this region. In the
central area the trend of first generation linear elements broadly complies with
the strike whilst further to the east a gradual swing into an orientation normal
to the strike of the merasediments is demonsctrable, Moving still further east
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this lineation gradually swings back across the Teveldal syncline into sub-
parallelism with the strike close o the Grense thrust.

Alternative explanations for this gradual swing, through some 80°—90°,
were discussed earlier, but in the writer's opinion only a combination of
mechanisms would appear to satisfy the field observations. The ‘variable linear
trend due o superimposed similar folding® hypothesis advocated principally
by Ramsay can most certainly be invoked in the eastern area since there the
major syncline post-dates the carly linear element. Further west where the
influence of large-scale second phase folding diminishes rapidly, this explana-
tion cannot hold and consequently the curving lincation must there be looked
upon as 4 contemporanecus product of the earliest deformation. To what extent
the swing of lineation across the Teveldal syncline can be atcributed to this
syn-tectonic curvature is impossible to ascertain, but it is reasonable to suggest
that it may be a product of combined mechanisms.

A curving lineation produced during one deformation phase naturally implies
a variable angular relationship with the accepted principal direction of tecto-
nic transport, This means thar the linear scructure would be regarded as a ‘b’
lineation at one locality, an ‘a’ lineation at another and an oblique lineation
in all the intermediare positions. Kvale (1948 and 1953) expressed the view
that, “linear structures may, under certain conditions, be formed ar any angle
to the principal direction of movement”, a conclusion arrived at afrer detailed
work in a region dominared by thrust tectonics, The observations in the Stjgr-
dalen region would appear to support Kvale's suggestion, though it can be
noted in addition that the curving linear element is here occurring in a region
characterized principally by fold rectonics,

Possible causes of syn-tecronic linear curvature and indeed varying strain
pacterns and fold styles may be found in a number of controlling factors.
These include the duration and magnitude of deformation, varying rates of
movement and resistance, and the variable anisotropy of the rocks themselves.
That the style of the first phase folding changes gradually across this area is
easily demonstrated and a not unexpected phenomenon considering the prob-
able operation of more than one of the above variables. A changing fold seyle
and linear trend can also be related to both tectonic level and position with
regard to marginal and central areas of the rectonic belr.

The oceurrence of isoclinal minor folds with axes paralleling the accepred
direction of tectonic transport — ie, in the main *a’ direction — is however
difficult to resolve with the hypothesis of one dominant direction of move-
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ment, 50 much so that the assumption of a uniform transport may be unjustifi-
able, Some movement along the trend of an orogen would appear likely,
perhaps a local plastic flow controlled by pressure gradients. At the present
time informartion is unforrunately lacking on the general sense of overrurning
of these minor folds in the assumed “a° direction; this will require a more
detailed study over a much wider area

The direction of extreme stretching in the Gudd conglomerate is largely
subnormal to the strike, bur it is difficult to say here to whar extent this
corresponds to the tectonic “a’ direction since other first-phase lineations in
this particular small area are irregularly orientated. In view of the nature of
the closely compacted isoclinal folds with near-vertical axial planes, it is also
plausible to regard movement during the most intensive stage of the deforma-
rion as having been directed upwards so thar in this case it is not unreasonable
to think of the pebble strecching as locally approximating to the “c’ direction.
This is a possibility to be considered. However, during the development of the
first generation structures, particularly in this zone of extreme deformarion,
many variations in both movement and stress direction were probably operative
so that a complex rather than simple relationship berween lineation and trans-
port has to be envisaged. Turning to the Lille Fundsjg conglomerare, the picture
there appears somewhar simpler as the deformarion was less intense and
pebble orientarion conforms near perfectly to the overall ‘a’ direction.

Late or third phase folds are nowhere found to ateain major proportions,
although recent work has indicated thar this generation of structures is better
developed in the western districts of Stjgrdalen. It was pointed our earlier thar,
considering the overall picture of easterly dips o the west and westerly dips
to the east of the Stjgrdalen anticline axial trace, the sense of overrurning of
the late folds in these two sub-regions is directly opposed { Fig. 46). Discounting
the local development of conjugate structures, the overturning is everywhere
down-dip or towards the core of the anricline.

In the Jamtland region of Sweden the Kéli Schists, equivalent to the meta-
sediments of the Kopperd-Riksgrense arca and representing part of a thrust
unit, are situated in a shallow depression centred on the Tinnfors area. In
these weakly metamorphosed sediments the penetrative easterly dipping late
cleavage so common in Teveldal is notably absent (Dr. Arne Strgmberg,
personal communication),

A solution both to the apparent restriction of rhis peneration of strucrures
to the so-called Trondheim-field and 1o their pattern of overturning, probably
lies in a consideration of the operative stresses. Within the Trondheim meta-
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Fig. 46, Schematic profile along Stjgrdalen to show sense of overturning of third-phase
folds with respect to the attitude of banding. H — Hovin Group: gs.g — Gula Schist
Group, ¢ — zones with conjugate folds.

Skjematick profil langs Stiprdalen for & vise bpordan folder av tredie fase velter pver §
farbald el bindingen. H — Hovingrappene, gop. Gula thifergrappen. ¢ — soner med
konjugerte folder.

sedimentary complex, if any reaction were to occur as a result of the nappe
development and thrusting, movement would rend o be opposed o thar
operating previously, Late movement can therefore be envisaged as being
towards the deeper rooted anticlinal core and a gravitational effece may con-
ceivably be regarded as an addirional factor in achieving chis end. On frictional
and resistance considerations this movement could probably be resolved as a
regional shear couple as depicted in fig. 46, Since the Kéli schists lie in a
shallow saucer-shaped depression, it would be difficult in this case to imagine
any reactionary or elasticoviscous movement or gravicy sliding taking place so
thar structures of this phase would not be developed.

Consideration of minor structures reported from
neighbouring areas

In view of the several factors controlling the development of regional fold
styles or strain parterns, a consistency of minor fold types and trends over any
sizable area is most unlikely, In addition, the Trondheim region is seriously
lacking in detailed structural studies so thar any comparison of minor strucrural
observations must lie within the realm of speculation. Nevertheless, certain
reported observations are now of renewed interest following the work in
Stjgrdalen,
. Kisch (1962}, working in the 5W. Tydal area some 30 km S5W. of
Meraker, has noted the orientation of strongly deformed quartz pebbles from
the Usmadam-Bukhammerfjell metaconglomerate which has been correlared
with the Guda conglomerate by Wolff (1964). OF the stretching direction he
remarked thar, “the lineation is abour E.W, 45°W,, roughly perpendicular
to the average strike”. Kisch also notes that the few small-scale folds measured
in this part of his map area plunge either rowards 340°—010° or towards
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200°, Mention is made too of a lineation plunging ar 25°—30° rowards
210%—220" in certain schists of this group, and of isoclinal microfolds in
part of his Amphibolite Group (= Swiren Group) although no measurements
of the larter are available.

The particularly interesting observation here is that of the deformed pebble
arientarion which is analogous to that in the Gudd conglomerate. Of the other
observations it is difficult o come to any conclusions on account of the lack
of informartion on fold styles, amplitudes, refolding, etc, but the Tinearion' in
the schists plunging to the SS.W. is possibly equivalent ro the firse phase
lingation in the Gula Schists of Stjgrdalen,

Schaar (1962} working in the Sylene-Skardgrsfiell region w the east of
Kisch, has described structures from his Stuedal Schist (correlative with the
biotite-porphyroblastic Upper Hovin rocks of Teveldalen). He refers to *small
scale folds” with axes plunging fairly gently towards either N-NMNE. or
5-55E which are slightly overturned in an easterly direction. Although no
details of style or axial planar alricude are given, these stencrures are probably
equivalent o the late folds of the Kopperd-Riksgrense area since Schaar
correlates them with the drag folds described by Bryn (1939) from similar
metasediments in the nearby Essands)d area.

The folds referred to and pictured in Bryn’s (1959) article closely resemble
those which the present writer ascribes to the third phase of deformarion.
Their axes plunge gently NNW, while the actoual folds, with quite sharp
hinges and dihedral angle ca, 907, are overturned rowards the W.SW. Thus
the sense of overturning is opposed o thar noted by Schaar. Bryn attempted to
relate these structures to the main easterly directed movements producing the
thrusting. He explains the anomalous sense of fold overturning by assuming
a friction-reducing well-lubricated band, perhaps a graphitic schist, 10 have
existed beneath the metasediments such that during the easrwards-direceed prin-
cipal movement, the lowermost layers in the sedimentary pile were transporred
to the east at a faster rate than those above Unfortunately such a graphitic
layer has not been found. Moreover, structures correlatable with firse and second
phase folds from the Kopperd area are not described from chis Essandsjd
district, so thar Bryn's explanation and relating of his drag folds to the major
eastward movements is clearly based on the observation of folds of only one
generation. In this same paper, Bryn mentions the occurrence of small folds
with axes trending N.W.-5.E. in the south of his area. No further description
is given butr he refers to these as cross folds to other uncommon N.N.E-55W.
onented strucrures,
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From the 5W. Jamdand area of Sweden, Strimberg (1961) has described
& final deformarion which is clearly subsequent to the thrusting of his Helags
nappe (= part of the Seve nappe). He suggests a correlation of structures
developed during this deformation with the drag folds reported by Bryn (1959).
It is therefore likely that the late folding recognised in SW. Jimtland is
broadly synchronous with the latest deformation observed by the presenc
writer in the Srjgrdalen area.

Structures in the Selbu area SE. of Trondheim have been discussed briefly
by Torske (1965). He noted two fold episodes, the earlier of which is repre-
sented both by minor isoclinal folds in a phyllitic horizon and by a stretching
of pebbles in a polygenous conglomerate (= basal Lower Hovin). The pebble
rientarion is E-W., here sub-parallel to the strike of banding. Early lineations
in general plunge towards N.N.E.-E. The later structures would appear to be
xink-folds or slightly larger folds with an axial planar cleavage, and plunge
st small angles to the 5-S8SE. These structures are most probably equivalent
:0 the third phase folds of Stjgrdalen whilst the carlier structures may possibly
be equated with those of the first deformation phase,

Sixty km north of Stjgrdalen the Skjekerstgrencs conglomerate, correlative
with the Gudi conglomerate (Wolff 1964), displays features of extreme de-
formation, Quartzite pebbles are stretched in a direction almost normal to the
‘ocal strike of banding and schistosity (Wolff 1960).

Quite the most consistent feature of these various minor structures is the
extreme strerching of pebbles in metaconglomerates belonging to the same
stratigraphical horizon — Usmadam, Gudd, Skjzkerstgtenes — the strerching
being normal to the local strike. This elongation, recognisable in areas some
130 km apart, would appear to correspond to the principal direction of tec-
onic MOovernent,

In the extreme north of the Trondheim region, the basement rocks of the
Temmeris anticline and their adjacent metasedimentary successions have been
described by Peacey (1964). Two episodes of folding were recognised, a so-
called regional folding and a larer folding of a more brittle mechanical nature.
Linearions, including pebble orientation in the Steinkjer conglomerate (= basal
Lower Hovin}, are the dominant structure of the earlier deformation and
display a gradual swing of trend from N.W.-SE in the south to NE-SW. in
the far north of the area. Later fold axes trend mainly E-W, their orientation
controlled by the earlier fold limbs, In the north, however, a plunge rowards a
north-easterly point is evident, Peacey also recognised the existence of a fold
generation older than the ‘regional folds’; this was apparent from a study of
Foslie's maps east of the Temmeris anticline.
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Withour detailed information on the tectonics of the broad region berween
Stjgrdalen and this Tgmmerds area, it is impossible at this stage w atempe
any overall correlation of minor fold cypes. Indeed, ic is highly unlikely thac
at any one rime and in any one lithological horizon, folds of consistent style
and trend would have been developed over such a wide arca. The possibility
that similarly styled folds may have developed at different times must not be
overlooked, moreso as this phenomenon is demonstrable in Stjgrdalen.

Proposed major structural correlations across the northern
Trondheim region

The factors which govern the variable development and style of minor folds
are equally applicable to regional structures so thar the tracing of major folds
or fold systems across large areas must be effected with caution. With the
unravelling of the structural picture in the Stjﬁrdalen-Teveldﬂlen area it 1%
nevertheless now possible to suggest extensions of the major folds northwards
into the T;gimmerﬁs-Hegsjgﬁfjell region,

In her Tgmmeris paper, Peacey (1964) delineated three tectonic units

separated by major thrusts. The Seve nappe, comprising Lower Paleozoic
Focambrian and Pre-cambrian rocks, overlies the Olden Nappe (Oftedahl,
1953) but is iself overlain by an upper nappe of allochthonous Palwmozoic
merasediments. The sitvation is best seen in Peacey’s fig, 34, the thrust plane
separating the Seve and upper nappes describing a wide arc concave o the
south-west and dipping inwards on all sides.

This same map together with her fig. 31. reproduced here as fig. 47, depicts
the Verdal synform which affects the upper nappe and dies our northwards
owards and possibly across the basal thrust plane. The Hegsjgfjell area,
forming parr of 5. Foslie's map sheet “Jaevsjg” published by NGU, exhibits
a remarkable large-scale example of refolding. Wich the Hegsjefiell conglo-
merate as a marker horizon, ic can be seen that a right or isoclinal strucoure
is deformed by the Verdal synform (Fig. 47, Plate 111}, Since the latcer is one
of Peacey’s ‘regional folds' the refolded fold is therefore representative of an
even earlier deformation. The axial trace of the early fold on the western limb
of the Verdal synform is drawn within the northward extension of the Gula
Schist Group. In this area, Peacey interpreted the early structure as a fold
closing easrwards, seemingly on the basis of the Hegsjgfjell closure indicating
an antiform plunging to the SW. (Fig, 48A).

In his section across the Verdal map-sheer Wolff (19607 indicated the
presence of an anticlinal fold containing the Skjmkerdals schist (= Gula
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Schist Group) in its core. In this Verdal area dips within these same schists
have steepened, and in the south of Wolff's map-area the eastern limb of the
anticlinal structure dips W.IN.W. having turned owver through the wvertical
Further to the south along the strike, this links up directly with che major
anriclinal structure in Stjgrdalen.

With regard to Peacey's representation of the early structure, the Hegsjg-
fjell closure is most cerrainly antiformal (or anticlinal since the stratigraphy
is now better known), the axis plunging to the south-west. In the present
writer's interpretation the whole structure is seen as an anriclinal fold plunging
towards a north-casterly point: as a consequence of the subsequent folding
of this structure by the Verdal synform, that part of the early fold on the
eastern limb of the Verdal synform now plunges south-westwards (Fig. 48B).
The Stjgrdalen anticline can then be correlated with the early Hegsjgfjell fold
despite changes of style and possibly of plunge along the axial direction.

In this northern region the Verdal synform develops as a recognisable fold
in the vicinity of the basal thrust of the upper nappe. Followed south-west-
wards along its axial trace, a remarkable change of style is manifest within a
disrance of some 20-—25 km. The axial plane first dips steeply to the S.E;
it then becomes vertical and, further south, dips towards a north-westerly
point. At the same time the fold changes from an open to near-isoclinal style
(Fig. 49). Further to the south-west on the Verdal map-sheet Wolff's (1960)
inirial interpretation of the structure was of a provisional nature and based on
tentative stratigraphical correlations. His current view (personal communica-
tion) is that a synclinal fold is present in this eastern Verdal region involving
Hovin Group rocks.

In the earlier parc of this article the Teveldal syncline was described and
traced in a north-north-easterly direction to beyond the Kjglhaugene moun-
tains. It is the writer's opinion that this fold is the southward continuation of
the Verdal synform. One of the main conclusions from the work in the Stjge-
dalen-Teveldalen region concerned the fact that the Teveldal syncline is
younger than the Stjgrdalen anticline, The tracing of these structures into
the Hegsjgfiell area thus corroborates this conclusion, since there the Verdal
synform actually deforms the major carly fold on a grand scale (Plate III).

The thrust plane at the base of the upper nappe is almost certainly equi-
valent to the Grense thrust. Tr will he recalled that the Grense thrust was
considered by Tirnebohm and subsequent workers as a thrust subjacent o a
‘sub-nappe’ of the underlying major Seve nappe. Thus Peacey's upper nappe
is most probably equivalent to this Seve sub-nappe. While the position of the
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thrust plane is known both from Peacey's investigations in the north and
from the present work in the south of the region, its precise positioning in rhe
intervening areas is uncertain, Wolff’s (1964) map depicts a definite rectonic
break between these two areas whereas the thrust plane should have been
drawn as an inferred feature (Wolff, personal communication).

The actual trace of the thrust plane over this intervening aréa is probably
to be found mostly on the Swedish side of the border perhaps approximating
to Tarnebohm's boundary between his Are schist and Rgros Schist Group, the
former Eocambrian and the latter now known to be equivalent to part of the
Upper Hovin Group (Upper Ordovician). Moreover, the Koli Schists of the
Tiannfors area are also floored by this same thruse plane and are part of the
upper nappe or Seve sub-nappe.

As to the age of this thrusting, studies in the Kopperd-Riksgrense arca
have indicated thar it can be related to the concluding stages of the second
fold phase, that is, the deformation producing the Teveldal-Verdal fold,
Peacey (1964) was of the opinion that the thrusting preceded the generation
of the Verdal synform, since the thrust plane appears to be folded across the
synformal axis. It can at least be stared with cerminty that the thrusting
post-dated the first folding — part of the major early strucrure is truncated
by the thrus: plane,

From an cxamination of strike symbols and lithological boundaries on
Peacey’s and Foslie’s maps, only a very gentle swing of strike is perceptible
across the axial trace (the trace of the Verdal synform axis as drawn by
Peacey) at or below the horizon of the thrust plane. North of the thrust the
drawing of an axial trace of a definite major structure would indeed seem
o be rather conjectural despite the slight bend in the stratification of the
leprites and quartz porphyries underlying the upper nappe. South of the thrust
plane a pronounced strike swing becomes increasingly apparent such that the
axial trace of a major synform can be drawn witch litele difficuley,

The suggestion is, therefore, that the Verdal synform as an obvious major
structure can be largely, though not wholly, restricted o the upper nappe.
It is quite feasible that the degree to which the Paleozoic metasediments were
folded differed markedly from that of the basement leptites and porphyries,
possibly because of differences either of rectonic level or lithology, or both.
During deformation such a difference in lithology may conceivably have
assisted in promoting the thrusting: the regional arcuate form of the basal
thrust can thus be seen partly as mimicking the second phase synformal seruc-
ture although to some extent being controlled by the pre-tectonic disposition
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of the basement. Prior to the onset of the Caledonian orogeny the Tgmmeris

massif, for example, was considered to have been a submarine ridge (Peacey

1964, p. 63) which influenced the siting of subsequently developed strucrures.

On the other hand, accepting Oftedahl’s (1955} view of the upheaval of the

Grong culmination as being a relatively late phenomenon, this can also be

envisaged as influencing the present disposition of the thrust since such a

transverse ridge of positive movement would clearly result in a south-westward

tiling of structural elements in the Temmeris-Hegsjefjell region,

Further to the north-west the Tgmmerds anticline and Snisa syncline are
clearly of a later age than the earliest folding and have been regarded as
complementary structures to the Verdal synform. The writer’s investigations
in the Sndsa area confirmed thar the Snisa syncline deforms the earlier devel-
oped schistosity and therefore the Seve mappe and basal thrust plane; this is
best seen on Peacey’s fig. 34. Perhaps the ultimate answer to the quesrion
of the age of the thrusting of the upper nappe lies in the recorded fact that
nappe emplacement and thrusting has not taken place in one single episode
of movement. This is known from various parts of the Caledonian mounrain
chain, Strimberg (1961), for example, has demonstrated thar in Jimtland the
Helags nappe, a higher sub-nappe of the Grear Seve nappe, has been thruse ac
a later stage than the underlying Sirv nappe, the basal division of the Grear
Seve nappe.

It is nor unreasonable therefore, o suggest a similar sequential thrusting in
the northern Trondheim region, the basal thrust of the upper nappe being
slightly younger than the main Seve thrust. The upper nappe thrust could
then be conceived as developing during the later stages of the second folding
as suggested earlier, and locally the folding may indeed have continued for a
shore time afrer the thrust plane had been generated, thus helping to explain
some of the anomalies. The proposed sequence of events in the general Heg-
sjgfiell area can now be summarized as follows:

I. Firsc folding, syn-tectonic metamorphism and nappe development. Gene-
ration of the early Hegsjéfjell fold. Seve nappe developed during this
period.

2. Second episode of folding. Though essentially one episode, this can be
sub-divided into: —

a) Main deformation, producing the Verdal synform: folding less readily
impressed on basement lithologies.
b} Thrusting — basal thrust plane of Peacey’s upper nappe.

¢) Continuation of folding (now weakening) subsequent to the actoal

thrusting.
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3. Upheaval of the Grong culmination — possibly initiated late in the second
deformation episode. (The late folds recognized in the Tgmmerds area
{(Peacey, 1964) and the third phase folds of the Stjgrdalen-Teveldalen
region clearly deform structures of the first rwo episodes bur their precise
time relationship to the Grong culminarion is not known.)

In an instructive article on the nappe tectonics in the Grong region Ofte-
dahl (1955) described two movement episodes, the major thrusting being
related to the older episode whilst folding and further thrusting were ascribed
to a younger deformation. With reference to the younger episode, Oftedahl
described the thrust plane of a nappe (thrust plane D2 on his map, Plate 1)
which curs the Gjersvik nappe. This younger nappe was thoughe to be pare of
either the Gijersvik nappe or a more strongly metamorphosed western nappe
— the western nappe of Strand (1953), The upper nappe was not then recog-
nized as a separate tectonic unit but it is possible that the thrust plane of
this upper nappe is of approximarely the same age as Oftedahl’s (1955) thrust
plane 12 associated with the Gjersvik nappe,

However, such speculative correlations would involve a more comprehen-
sive discussion on much wider topics and problems within the mounrain
chain as whole, a subject which is beyond the scope of this paper. It would
for instance, necessitate discussion of the Redingfiell nappe of Nordland and
its possible extension into the Trondheim region (Oftedahl 1966), as well as
a review of the movemenr and metamorphic episodes over a large rract of the
Scandinavian Caledonides. In this regard it is interesting ro note thar the
detailed work in Nordland over the past decade has demonstrated the presence
of three episodes of folding (see, e.g, Rutland and Nicholson, 1965). While
this invites comparison with the polyphase movements demonstrable in the
Trondheim region, major differences particularly with regard o thrusting
and the acme of the main metamorphism in relarion o movement phases
are thought to exist. In order to resolve such differences, furure inrer-regional
tectono-metamorphic correlation may necessarily involve a concepr of non-
synchronism of particular events. Indeed there is no rule requiring that par-
ticular tectonic or metamorphic events occur simultaneously in different pares
of an crogen.

Discussion of suggested major structural correlations across the northern
Trondheim region has at this stage purposely been restricted to the easternmost
parc of the region simply because large areas south and south-west of the
Temmeris anticline require either detailed mapping or remapping. It is more
than likely that one or two early isoclines are present along rthe flanks of
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the Temmerds massif which can be rraced in a south-westerly direction. Sliding
or thrusting is also thought to be of no mean significance in explaining the
present disposition and rapidly varying thicknesses of cerrain lithologies.

Concluding discussion

Strucrural investigarions in the Stjgrdalen-Merdker-Riksgrense region of
Trendelag have demonstrated the presence of folds and  associated minor
structures belonging ro three distiner episodes. Two folds of major proportions
are present, The Stjprdalen anricline, a fan-shaped strucrure displaying fearures
of extreme shearing and isoclinal folding, was developed during the oldest
phase of deformation. The Teveldal syncline further to the east is shown w
have been generated during the second movement phase, A penetrative cleav-
age axial planar to fairly open minor folds is the most conspicuous feature of
the third and latest deformation.

Minor folds axes and linestions of the first phase reveal a wide bur sys-
teratic variation of trend, generally berween S5W. and N.W., the gradual
swing being explained by a combination of mechanisms, namely syn-tectoni-
cally generated curvature and superimposed similar folding.

The Teveldal synclinal axis plunges gently o the 5 W —55W., while its
axial plane dips ar 35—40° rowards a west-north-westerly point. Fold axes
of the latest deformation phase plunge consistently ar some small angle towards
N—MNNE They are normally overturned down-dip, axial plane cleavage
being inclined eastwards, though conjugate structures occur in phyllite where
the foliarion is disposed steeply or near o verrical,

There 15 evidence to suggest thar, while the main regional metamorphism
is largely coeval with the first isoclinal folding as indicated by the common
schistosity axial planar to these folds, some mineral growth continued afrer the
movements had ceased. This appears to be true of garner and muscovite in
schists from the Gula Schist Group, bue litcle petrographical work has so far
been carried out. Biotite porphyroblastesis in the east of the region would
appear o be dated to the larter parc of the second fold phase, prior to the
actual thrusting,

Although time did not permir their closer investigation, observations of
the irregular bodies, dykes, veins and pods of trondhjemite in the Gula Schist
Group furnish valuable evidence regarding the relationship of emplacement
to movement phases. It would seem thar such bodies were emplaced both
during and subsequent to the first folding but prior o F.; some may be pre-F,,
Both injection and replacement fearures are present and many veins of trond-
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hjemite are of a non-dilational nature. The relative abundance of trondhjemire
in the core of the Sygrdalen anticline strongly suggests a close relanionship
of emplacement, main metamorphism and first folding. Thus, during the
isoclinal folding and intense shearing representative of the oldest deformation
phase granitic marerial can be visualized as moving upwards in the fold core,
this being more or less coeval with the acme of metamorphism.

Correlations of the Stjgrdalen and Teveldal folds with major structures
occurring further north in the Temmerds-Hegsjgfjell area have been pro-
posed. In this latcer arep the murual relacionship of these folds is depicred
in a large-scale example of refolding. {Plare [11).

It is noteworthy thar the initial major folding is concentrated in the central
zone of the *depression’ containing the Trondheim eugeosynclinal sediments,
To the east the Teveldal syncline has been shown to be younger than the
Stjgrdalen fold. Relatively lirtle has been published on the deformation sequ-
ences in the western parts of the Trondheim Cambro-Silurian. Ir is reasonable
to suppose thar the Hglonda-Horg syncline (Voge 1945) SSW. of Trond-
heim may be a second generation struture: this needs w be re-investigared,

Structurally the Trondheim-field has constantly been referred o as a syn-
clinorium despite the variable interpretation of the structure in the central
parts of the region. Previous writers have rarely explained their reasons for
adhering to the synclinorivm concepr and it seems that opinions have been
influenced firstly by Kjerulf's original interpretation and secondly, and per-
haps more significantly, by the fact that one is dealing with a supposed sedi-
mentary trough-shaped depression or segment of an original geosyncline. Thus
the ‘syncline’ part of ‘geosyncline’ has dominared structural thought to the
extent thar the synclinorium or syncline idea has rarely been questioned.

Taking into account present-day stratigraphical and tectonic knowledge this
old concept would appear to be misleading, It would be hard to disagree with
Strand’s (1961) statement that there is, “no reason to consider the sediments
of the Trondheim region to be in an autochthonous or parautochthonous po-
sition”, Peacey (1964) has demonstrated the presence of two tectonic units of
Pakeozoic rocks in the extreme north of this region. The present writer’s
investigations across Stjgrdalen lend support to the idea of a southward con-
tinuation of the upper nappe or sub-nappe of the Great Seve nappe. More-
over, from a compilation of maps and field data reported by several geologists,
Wolff (see accompanying paper in this NGU volume) has traced the thrust
plane of this upper nappe into the extreme southern part of the Trondheim
region. It is therefore highly probable thar a large part of the Trondheim-
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field sequence is allochthonous and Wolff has tentatively adopred the term
“Trondheim nappe’. The major structure, despite is complexities, would how-
ever, appear to be an anriclinorium with recumbent folds overturned north-
westwards in the west (Peacey 1963) and towards the E-SE in the east, and
with the oldest and generally more strongly metamorphosed rocks in its core.

Ramberg (1966) has published results of experiments involving the centri-
fuging of models of unstable geosynclinal belts. Parts of some of his illusera-
tions of structures produced in these experiments show a remarkable resem-
blance to the general structure advocated by the present writer in Stjgrdalen.
It would be unsafe to assume thar graviry has played a predominant part in
the development of the Stjgrdalen structure however, although its possible
influence in generating the movements cannot be ignored. Aubouin’s (1965)
subdivision of complex geosynclines into ‘divergent’ and ‘convergent’ on a
symmetry basis is interesting in this respect as the Caledonian geosyncline in
its entirety has all the attribures of his divergent or centrifugal type.

Evidence regarding the age of the deformation in this pare of the Caledo-
nides is insufficient for more than general comment, bur it is important o
remember that Horg Group rocks of Lower Llandoverian age are affecred by
the First phase of folding, From evidence on the island of Hitra west of
Trondheimsfjord, Strand (1961) has noted thar “the main Caledonian orogeny
in the central parts of the mountain chain was ended before the beginning of
Devonian time”, In Jimtland, Thorslund (1960} has reported the Ekeberg
Graywacke of the Follinge nappe as being of Wenlock age: therefore the
thrusting of that nappe must be post-Wenlock. In Swedish Lappland the
youngest rocks in the Seve-Kali nappe are dated by graprolites to upper Middle
Llandovery (Kulling, 1960).

It is thus reasonable to regard the main Caledonian deformarion and meta-
morphism in Trpndelag as having occurred sometime between the Upper
Llandoverian and Lower Ludlovian of the Silurian. A more precise dating is
not possible just now. Ordovician crustal movements in the Trondheim region
have been well documented (Holtedahl 1930, Vogr 1945) and are manifested
in conglomeratic horizons which tend to be thicker and more extensive in
western and north-western districts. Holredahl has noted the increasing im-
portance of these crustal disturbances towards the more western (and central)
parts of the Caledonian zone. A particularly important break occurs above the
voleanic sequence of the Stgren Group (the “Trondheim disturbance” of
Holtedahl) in the west and it is not improbable that folds may have been
produced still further west in the central parts of the geosyncline during lare
Tremadocian or early-Arenigian times.
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Tremadocian or early-Arenigian times. Another significant point is thar che
Lille Fundsjs Conglomerate and other basal Lower Hovin conglomerates con-
trin pebbles of Stgren Group (and older) greenschists and intrusives. This
would appear o suggest that the pre-Hovin sediments and wvolcanics were
partially metamorphosed prior o the deposition of the conglomerates, as
hinted ar by Vogt (1945).

Sammendrag

I den fgrste delen av artikkelen beskrives tektoniske smdstrukturer i svake
metamorfoserce sedimenter rilhgrende Hovin- og Horg-gruppene langs Tevel-
dalen st for Merdker. Det er pivist tre foldeperioder som alle viser forskjell
i stil og aksererning. Fgrste fase av smifoldeakser og lineasjoner fremkaller
en stor, men systematisk variasjon i retning vanligvis mellom sydvest og
nordvest. Den ene hovedstrukturen, Teveldalsynklinalen, viser seg 4 wveere
dannet under den andre bevegelsesperioden. En viktig struktur som rtilhgrer
rredje foldefase er en gjennomtrengende akseplanklgv | de hyppige smifoldene
med akseretning mellom nord og nordgst. Forskyvning av sedimentpakken
i retning ¢sc til sydgst henger sammen med det siste stadium av andre fol-
dingsgenerasjon.

Hererrer fglger en beskrivelse av tektonikken i Stjgrdalen vest for Merdker,
og der vises spesielt til hovedstrukturen i omridet i en vifteformet antiklinal,
kalt Stjgrdalsantiklinalen, Denne antiklinalen, som er en fdrstegenerasjons-
struktur, dominerer det tektoniske bilder i den nordlige del av Trondhjems-
felter. Erter all sannsynlighet kan denne strukturen spores videre sydover i
den sentrale del av Trondhjems-‘depresjonen’. Det foretas en sammenligning
av foldeepisoden i Teveldal- og Stjgrdalsomrider, og smistrukrurer kjent fra
tilstgtende omrider blir studert i forhold til de forskjellige foreliggende fol-
debevegelser.

Den andre delen av arrikkelen beskjefriger seg med sammenligning av
foresliree hovedstrukturer cvers pd den nordlige del av Trondhjemsfelter, Heg-
sjpfjell-omridet, som er kartlagt av 5. Foslie og kort beskrever av J. 5. Peacey
(1964), fremviser et cksempel pd gjentate folding i stor skala, Ved nyvurde-
ring av karakteren til den ridligere isoklinal og videre underspkelse av Ver-
dalssynformens skifrende stilling (Peacey 1964) og strukrurene tvers over
Verdalsomrader (Wolff 1960), synes en sammenligning av (a} Stjgrdalsanti-
klinalen med den tidlige Hegsjafiell-folden og (b) Teveldalsynklinalen med
Verdalssynformen, 4 veere meger akseprabel,

Til slucc synes betraktninger av skyvoinger i Te¢mmerds-Hegsigfjell og
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sentrale  Trgndelag-Jimtlandomridene & stgete Strand’s (1961) antakelse
om at metasedimentene i der urstrakte Trondheimsfelter er alloktone. Eever
disse berrakeninger er det meget mulig ar Peacey’s (1964) gvre dekke kan
spores ned il den sydlige del av Trondheimsfelrer (se Wolff £.£.).
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