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The study of basement involvement in orogeny is 
fundamental for the understanding of thrust beits. 
Basement structures in the Scandinavian Cale
donides are well documented because the low 
erosion leve! allows direct observation (cf. Gee 
1980; Ramberg 1977; Nicholsen & Rutland 1967; 
Gorbatschov 1985; Gee et al. 1985). Analysis of 
basement tectonics is largely based on the studies 
of basement-cover relations. Basement-cover 
contacts in the Scandinavian Caledonides vary 
widely in nature. Four types of contacts can be 
distinguished on the basis of 'Caledonization' 
(i.e. degree of Caledonian tectono-metamorphic 
imprint) of basement units (Bryhni & Brastad 
1980), namely: 

(i) undisturbed angular unconformities 
(ii) tilted or locally overfolded and cataclastically 

disturbed angular unconformities 
(iii) primary unconformities masked by a contact 

zone where there is a new foliation parallel 
to the overlying, often overthrust cover 
sequences. 

(iv) concordant and often plastically folded con
tact zone where there is no apparent struc
tural and metamorphic break between deeper 
levels of the basement and its immediate 
cover. 

According to these authors, Caledonian imprint 
· on the basement increases from the foreland to 
the central parts of the orogen (see also Bryhni 
& Andreasson 1985). Therefore, it is interesting 
to evaluate the possible variation in basement-

cover contacts at transverse basement-anticlines. 
The present p aper de als with such a study. It 
demonstrates basement-cover contacts at the 
Grong-Olden culmination, a basement antiform 
that transects the entire Caledonian nappe pile 
from the Norwegian coast to central Sweden (Fig. 
1). 

Geological setting and methods 

The Grong-Olden culmination (GOC) separates 
the southern from the central Scandinavian 
Caledonides. lts large-scale structure can be 
described as an interference pattern of an E-W 
and a N-S trending antiform (the Kolåsfjell and 
the Olden antiform, respectively). 

The rocks exposed in the GOC are leucocratic 
granites and porphyries that are transected by 
dolerite dykes (Foslie 1958; Johansson 1980; 
Aukes et al. 1979; Gorbatschev 1985; Andreasson 
& Johansson 1982). According to Gorbatschov 
(1985) the granitoids belong to the Trans
scandinavian granite and porphyry belt. 

Basement rocks are overlain by low-grade 
metamorphic sediments that are interpreted as 
the parautochthonous sedimentary cover (Aukes 
et al. 1979; Gee et al. 1985). The basement and its 
parautochthonous cover are overlain by a series of 
nappes that were emplaced during the Cale
donian orogeny. The structural lower nappes 
comprise gneisses and mylonites. They represent 
mobilized slabs of basement rocks. The higher 
nappes are part of the Seve-Koli and Helgeland 
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Fig. l. Basement occurrences 
(black) in the central part of 

Scandinavia. G: Geitfjellet; B: 
Børgefjellet window. · 

10 km 

Fig. 2. Geological map showing the major structures and tectono-stratigraphic units of the NE part of the Grong-Olden culmination. 
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nappe complexes, comprising metasediments and 
metavolcanics (Aukes et al. 1979; Kollung 1979; 
Andreasson & Johansson 1982; Gee et al. 1985). 

This paper presents detailed maps of areas 
located at the northern and northeastern base
ment cover contact. Correlation between these 
areas, as well as evaluation of the structure in 
the internal part of the culmination, was aided 
by aerial photographs and Landsat image. Some 
striking structural features are illustrated by ver
tical aerial photographs. The geology of the cover 
rocks is largely according to Aukes et al. (1979). 

Internal structure of the 
culmination 

The oldest structural element recognized in the 
basement is a banding defined by grain-size 
variation. The layering is not penetrative on the 
scale of the outcrop or hand specimen, but 
appears on the scale of the map (Foslie 1958; see 
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also Fig. 3). On aerial photographs it can be 
observed as bands that differ in grey tones (Fig. 
4). Its origin in unknown. In the following sections 
this layering will be referred to as Sobas· Locally, 
undeformed dolerite dykes (estimated age, 1200-
900 Ma, Johansson 1980) transect Sobas· 

Sobas and dolerite dykes are folded by large
scale folds that can be traced over the entire 
culmination. Two of these folds are found in the 
area studied: the Snåsa synform and the Kolåsfjell 
antiform. Figure 4 is a vertical aerial photograph 
of the central part of the culmination. It shows 
the extension of the Snåsa synform within the 
basement domain. This fold affects the basement
cover contacts in the Snåsa region, where 
basement and cover are concordantly folded, the 
foliation in the cover being parallel to Sobas (cf. 
Roberts 1967; Andreasson & Johansson 1982). 

The fold trend at the contact zone is NE-SW. 
The folds are tight with a NW dipping axial plane. 
Into the basement the trend of the folds changes 
to E-W (Figs. 3, 4). The change in orientation is 

10 km 

Fig. 3. Form-surface map of the area shown in Fig. 2. Asterix refers to the centre of aerial photograph Fig. 4. The figure is a 
composition of aerial photograph interpretation. 
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Fig. 4. Aerial photograph of the central part of the Grong-Olden culmination showing the extension of the Snåsa synform. Asterix 
in Fig. 3 represents the centre of the photograph. Folded foliation represents S"""' locally s, • ., is developed. 

accompanied by a change in style; in the internal 
parts the folds become more open with interlimb 
angles of 90°. Locally, the folds are associated 
with an axial plane foliation, called slbas· slbas is 
defined by parallel orientation of micas. In more 
leucocractic parts of the basement this foliation 
appears as a coarsely spaced fracture cleavage 
(microlithons 25 cm). Locally, for instance in the 
Blåfjell region, this foliation is parallel to the 
trend of dolerite dykes. Towards the contact with 
a dyke, the microlithon spacing decreases. At the 
contact, mylonitic hands are found that also affect 
the rims of the dykes (cf. Aukes et al. 1979). 
Similar observations were made by Johansson 
(1980). F1bas and S1bas are refolded by an open 
large-scale N-S tren ding antifm:m. This structure, 
F2ba., is the northern extension of the Olden anti
form. F1bas and F2bas folds interfere at Lapplager, 
where a gentle dome structure is found (Figs. 
3, 5). 

Basement-cover contacts (three 
membered) 

The basement-cover contact is formed by a rela
tively small zone of intense deformation. Three 
structural elements were recognized: (a) a shear 
zone in the basement; (b) a series of low grade 
metamorphic sediments, and (c) a unit of platy 
mylonites that overlie the meta-sediments. The 
foliation in these three rock units is parallel to the 
trend of the basement-cover contact. 

The shear zone in the basement, below the 
sedimentary cover, is found along the entire bas
ement-cover contact at the NE margin of the 
GOC. The zone is constant in thickness, that is, 
approximately 500 m. It crosscuts the internal 
structure of the culmination, transecting Fl bas 
folds. This structural relation is demonstrated in 
Fig. 5, which is a form surface map of the base
ment-cover area W of the Lapplager dome. Foli-
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Fig. 5. Form-surface map of 
the basement-cover contact at 
Lapplager. The basement 
structure is overprinted by the 
contact mylonite zone. S.,u 
refers to foliations in the 
basement. 

ations in the basement are deflected towards 
parallellism with the shear zone · boundary (Fig. 
6a & b). The shear zone branches locally and 
encloses pods of relatively undeformed granitoids 
(Figs. 3, 5, 6). South of Sanddøla, a zone of 
mylonite abuts the northem limb of the Kolåsfjell 
antiforms (Figs. 2, 3). It is not clear whether this 
mylonite is a shear zone, or represents a nappe 
unit (i.e. the Granite-Mylonite Nappe). 
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Structural relations and establishment of the 
amount of displacement in the shear zone were 
studied in an area near the Blåfjell mountains. 
Figure 7 is a form surface map of this area. The 
foliation S1bas is reoriented from 330/60 in the 
basement realm to 030/30, i.e. parallel to the 
trend of the shear zone within 25 m. This reori
entation is accompanied by a gradual change in 
texture. Relatively coarse-grained gneisses and 
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granites are transformed to fine-grained platy 
mylonites. The mylonites display a gently SE 
plunging lineation defined by oriented micas and 
feldspar tails. Aukes et al. (1979) described this 
transformation from granite to mylonite in detail, 
and attributed the process to plastic deformation, 
strain induced recystallization and concurring 
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Fig. 6a. Aerial photograph of 
basement-cover contact, 
showing the deflection of the 
foliation in the basement 
(S1b,.) and reorientation into 
the zone of mylonite. 

retrogressive metamorphic reactions. The newly 
formed mineral assemblage in the mylonites 
(white mica, epidote, albite, microcline, quartz) 
points to greenschist facies conditions prevailing 
during the deformation. 

Dolerite dykes found within the basement 
domain persist into the shear zone. They show a 
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Fig. 6b. Form-surface map of 
basement-cover contact W of 
Holden. Area of Fig. 6a is 
indicated. s ... refers to 
basement foliation es, .... see 
text). 

--......_ mylonite 
foliation 

/ 5bas 

similar reorientation pattern as the slbas foliation. 
Reorientation is accompanied by a complete 
change of mineralogy, dolerite being transformed 
to amphibolite. The amphibolite comprises blue
green pleochronic amphibole, actinolite, chlorite 
and quartz, also indicating greenschist facies 
conditions. 

The setting in the Blåfjell area offers an oppor
tunity for a strain estimation. Because the dolerite 
dykes can be traced continuously in to the zone of 
mylonite, it is clear that at this leve! no 
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detachment has taken place. If it is assumed that 
(a) the deformation history approximates a pro
gressive simple shear, (b) the shear plane is par
alle! to the shear zone boundaries, and (c) the 
lineation in the mylonites is approximately par
alle! to the shear direction, the amount of dis
placement can be calculated (cf. Ramsay 1980). 
From displacement of the dyke a shear strain of 
40 is deduced. Now, if it is assumed that the strain 
throughout the entire zorie was homogeneous, 
the total amount of displacement can be estimated 



142 H. Stel 

as 20 km in a SE direction. Note that while this 
displacement was achieved continuity was 
retained, hence it is not thrusting sensu stricto. 

The basement shear zone is locally overlain by 
metasediments, including marbles, quartzites and 
greenstone. The rocks of this unit are strongly 
deformed, several generations of isoclinal folds 
are found. The greenstones contain chlorite, epi
dote, calcite, pointing towards greenschist facies 
conditions of metamorphism. The unit occurs as 
lenses along the NW boundary of the GOC, prob
ably as a result of boudinage. This geometry, and 
the fact that the rocks are extremely deformed, 
suggests that the rock unit was involved in a shear 
deformation. 

The parautochthonous sediments are con
formably overlain by a unit of platy mylonites 
whose petrography and structure is similar to the 
basement mylonites described above. The status 
of this rock is not unequivocal. Gee et al. (1985) 
consider this unit as a separate nappe (the lower 
Allochthon), while Aukes et al. (1979) proposed 
correlation with the Offerdal nappe. It is the point 
of view of the present author that this rock unit 
is not a nappe senso stricto, but that it is a basal 
shear zone common to all the nappes. A major 
argument for this is that the rock unit does not 
show the geometrical features of the other nappes 
(cut-up through the stratigraphy of higher units). 
Another argument is that the unit Is exactly par
alle! to the basement shear zone along the entire 
basement-cover contact. 
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Fig. 7. Form-surface map of 
basement-cover contact at 

Blåfjellet, showing 
reorientation of dolerite 

dykes. See text for discussion. 
Basal thrust is indicated as in 

Fig. 2. 

The relative age of the basement shear zone 
with respect to the other structures can be dedu
ced from overprinting relations. The shear zone 
abuts the northern limb of the Kolåsfjell antiform 
and also the eastern extension of the Snåsa syn
form (Figs. 2, 3). The contact zone appears to be 
affected by the Olden antiform. 

The overprinting relations above indicate that 
the basement shear zone was formed inter
kinematically Flbas-F2bas· 

Structure of the nappes, nappe 
contacts 

The nappe-pile that overlies the (par)auto
chthonous units comprises the Offerdal nappe, 
the Seve nappe and the Koli nappe. Detailed 
descriptions and correlation are presented by 
Aukes et al. (1979). Some details of the inter
pretation differ from those published by Gee et 
al. (1985), but for the purpose of the present 
paper these differences in interpretations are 
immaterial. 

The rocks from all the nappe units demonstrate 
a regional foliation that is parallel to the internal 
tectonostratigraphy. This foliation is associated 
with isoclinal folds. Locally, several generations 
of folds are found. This generation of structures, 
denoted F1nap• do not affect the nappe contacts. 
They are interpreted as pre-syn nappe-emplace-
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ment (cf. Aukes et al. 1979). Contacts between 
.tappes in some cases are formed by a zone of 
mylonite. The contact between the Offerdal and 
the Seve nappe, E of lake Holden, is formed by 
a 50 m thick platy mylonite band. Other contacts 
appear to be 'dean-cut' and no mylonites are 
found. The nappe contacts cut-up through the 
stratigraphy of the foot wall and are parallel to 
the tectonostratigraphy in the hanging wall. This 
feature is particularly evident at the Seve-Koli 
contact south of Nordli (Figs. 2, 3). 

At lake Holden (Figs. 2, 3) a large-scale iso
clinal fold of the Offerdal-Seve nappe contact 
mylonite zone is found. The axial plane of the 
fold trends approximately E-W, the axis plunges 
60° towards N. The fold closure is beautifully 
exposed E of Holden. Since it folds a nappe 
contact, it clearly post-dates nappe emplacement. 
Therefore, it is denoted F2nap· Both the limbs of 
the fold are sheared off by the sub-basal shear 
zone described above. F2nap is refolded by an open 
synform that affected all the nappe contacts and 
the sub-basal shear zone. This synform trends N
S, the axis pl unges gently N, the interlimb angle 
is 120°. The fold is denoted here as the Lierne 
synform. 

In the present fold-generation notation the 
Lierne synform is a F3nap structure. 

Ultramylonites and cataclasites 

All the structures are transected by faults, cata
clasites and ultramylonites. These structures 
occur predominantly at the basement-cover con
tact, i.e. at the rim of the culmination. They 
display typical outcrop patterns. At the northern 
rim of the culmination, the Sanddøla region, an 
E-W trending and a NE-SW trending set is found. 
These sets are possibly genetically related (con
jugate), though evidence for this is lacking. 

At the NE contact, cataclasite/ultramylonite 
zones predominantly run in a NS direction. Two 
major fault zones are found (Fig. 2): the 
Brannsfjell and Neset faults. The Brannsfjell fault 
cannot be traced further south· than the steep 
Aane fault that displays a vertical throw of ca. 
600 m. The Neset fault runs from Lake Laks joen 
to lake Lenglingen. This fault is interpreted as a 
normal fault. 

The Brannsfjell and Neset faults are connected 
by a dense set of cataclasite/ultramylonites south 
of lake Tisvattnet. Figure 8 is a vertical aerial 
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photograph of the area south of Tisvattnet. It 
demonstrates clearly the cutting-off of the limbs 
of the Lierne synform by WNW-ESE trending 
fault structures. These faults are tangent to both 
the N-S running faults. 

The Sanddøla and the Brannsfjell fault systems 
interfere at the northern extension of the 
Brannsfjell. Figure 9 is a detailed map of this 
region. Two points arise from the evaluation of 
this map: (l} the age relation of both systems 
varies from place to place; and (2) the change in 
trend of the basement-cover contact from EW in 
the Sanddøla region to N-S in the Brannsfjell 
area is not caused by a fold, but by an interfering 
fault system. However, it is likely that these faults 
obliterate an earlier (F2bas) fold. 

The deformation mechanisms in the cataclasites 
and ultramylonites were determined by micro
structural study (Ste! 1981, 1986). All the rocks 
show a cyclic operation of brittle and ductile 
deformation. During a brittle event cracks are 
formed that are subsequently filled by crystal 
growth of quartz and feldspar. These new ly grown 
crystals were deformed plastically, and eventually 
a new phase of brittle deformation and associated 
crystal growth occurred. 

Establishment of the displacements along the 
faults and associated cataclasites is often prob
lematic due to lack of markers. However, it is 
clear from the map pattern that the Neset and 
Aane faults have a vertical component of slip. 
In fact, the Brannsfjell, Aane and Neset faults 
enclose a small-scale graben structure: the Neset 
Gra ben. In this graben, the basement is ca. 800 m 
deeper than in the surrounding basement highs. 

Whereas the brittle structures seem to be 
associated with vertical movements, the mylonites 
that formed by plastic deformation of the cata
clasites, however, in most cases have a horizontal 
lineation that probably represents an extension 
direction. This would indicate that horizontal dis
placement also took place. 

The younger mylonites and cataclasites are the 
latest structures recognized in the area. The 
deformation mechanisms that were operative 
suggest that their formation occurred at lower 
metamorphic conditions than the platy mylonites 
at the basement-cover contacts. It cannot be 
excluded that the structures are part of the late 
Caledonian framework of Iineaments and faults 
that are found throughout the entire orogen (cf. 
Ziegler 1985). There are, however, reasons for 
suggesting that in this area development of the 
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Fig. 8. Aerial photograph of area S of Tisvattnet (Fig. 2). Note that the F3••• fold is cross-cut by younger faults and cataclasite 

zones: ENE-WNW trending lineaments S of T ( = Tisvattnet) . 

faults has a more local cause. These matters are 
discussed below. 

Structural correlations 

On the basis of the structural relations presented 
above, it is suggested that the following sequence 
of events has taken place. 

During an early p hase of orogeny, nappes 
emplacement occurred. The generation of struc
tures developed pre-syn nappe emplacement are 
the F1nap folds. It is not clear whether at this 
stage the basement underwent penetrative de
forrnation. Subsequently to Ftnap• nappes and 
basement were folded, leading to the forrnation 
of the Snåsa synforrn and the Kolåsfjell antiform. 
This folding probably initiated the basement 
culmination. It is interpreted that the Holden fold 
belongs to the same generation as the Snåsa and 
Kolåsfjell structures; an argument for this inter
pretation that the folds have similar overprinting 
relations with older as well as with younger 

structures. The correlation of basement and 
nappe structures in this view is that F2nap is coevel 
with Flbas· 

Subsequent to this regional scale folding, at the 
northern and NW edge of the Grong culmination 
ongoing displacement of the entire nappe pile 
took place. This caused the formation of deep 
shear zones in the culmination, and displacement 
of the nappe pile of ca. 20 km. This phase of 
displacement occurred while large-scale folds in 
nappes and basement had already been formed. 
Thus it can be envisaged that a tightly folded 
nappe pile as a whole was sheared off during 
this period. In a recent paper, Dallmann (1987) 
proposes that a similar sequence of events has 
taken place at the Børgefjellet window (Fig. 1). 

A distinctly later phase of deformation caused 
folding of the basal shear zone in large NS 
trending folds; the Holden antiforrn in the 
basement domain and the Lierne synform in the 
nappe realm. These folds refold the extensions of 
the Snåsa and Kolåsfjell structures and also the 
Holden fold. As a consequence, F2bas is correlated 
with F3nap· 
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Fig. 9. Form-surface map of northern 

Brannsfjell. lnterference of E-W and N-S 

trending mylonites and cataclasites. 

=- mylonitic 
::::;;-- foliation 

� cataclasite 

Finally, a series of cataclasites and ultra
mylonites was formed. The cataclasites are associ
ated with vertical displacements of the basement. 
These structures accentuated the shape of the 
culmination. Ultramylonites that were formed by 
ductile deformation of the cataclastic products 
possibly were formed by relative horizontal dis
placements, i.e. by ongoing late-stage nappe 
movement (see below). 

Variation of basement-cover 
contacts: discussion 

Basement-cover contacts at the Grong-Olden cul
mination vary in nature and in relative age. From 
W to E three types of contacts can be distin-
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guished: the Geitfjellet (location, Fig. 1), Snåsa 
and the Lierne type. The basement-cover contacts 
at Geitfjellet were described by Andreasson & 
Johansson as type iv in the terminology of Bryhni 
& Brastad (1980): there is no metamorphic or 
structural break between basement and cover and 
the contacts are ductilely folded. In the Lierne 
domain, the contacts qualify as type iii: an uncon
formity masked by a shear zone on top of the 
basement. The Snåsa contacts are somewhat 
problematic to classify. Andreasson & Johansson 
(op. cit.) classified it as type iii. However, the 
contacts have characteristics of both type iii and 
type iv. Basement and cover are conformable, the 
contact is ductilely folded (type iv characteristics), 
but a con forma ble shear zone is found that causes 
a tectono-metamorphic break (type iii character). 
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It is suggested here that the Snåna contacts are 
intermediate between types iii and iv and can be 
classified as pseudo type iv. 

Because the Snåsa synform and the Kolåsfjell 
antiform can be traced over the entire culmi
nation, the age of thrusting can be measured 
relative to these folds. Because in the Snåsa region 
nappes and basement are conformably folded, it 
is clear that nappe emplacement pre-dated 
folding. In the Lierne area, deep basement shear 
zones affect the eastern extension of this fold. 
This indicates that after folding, substantial trans
lation of the nappe pile has taken place in this 
region. Thus, it can be concluded that the base
ment-cover contacts at the NE rim are younger 
than in the Snåsa area. In fact, because the NE 
contacts transect the internat structure of the 
Grong culmination, it can be concluded that the 
nappe pile was translated over and along an 
existing Grong culmination! 

The GOC demonstrates the relative age of 
pseudo type iv and type iii contacts: the latter 
being younger than the former. 

It is possible that type iii contacts overprint a 
type iv one in the Lierne area. This would be the 
case if the Holden fold is the extension of the 
Snåsa synform. 

Comparing the contacts from W to E, an inter
esting point arises, i.e. that the basement-cover 
contacts become younger with respect to 
basement structures. At Geitfjellet, the contact 
is probably coeval with the basement foliation. In 
the Snåsa region, the contact affected the foliation 
in the basement, but it pre-dated ductile folding 
of the F1bas generation. In the Lierne area the 
contact post-dated this generation of folds. 

It should be kept in mind that possibly type iii 
contacts overprint type iv and pseudo-type iv 
contacts. If this is true, then the structural suc
cession is strongly reminiscent of a metamorphic 
core complex such as found along the W coast 
of the North American continent (Coney 1980; 
Armstrong 1982). 

In this respect it is interesting to evaluate the 
rote of the late stage mylonites. These structures 
can possibly be the result of late stage thrusting. 
As argued above, part of the nappe movement 
has taken place over and along an existing 
culmination. The Neset basin is located at a point 
where the culmination changes its trend from 
E-W to N-S, hence it is assumed by the author 

· to have acted as a stress collector. In this view the 
horizontal plastic movement direction can also be 
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explained as simply due to nappe movement along 
enscarpments formed by vertical faulting in the 
basement. 

Conclusions 

From the overprinting relations of folds, mylon
ites and nappes the following structural history of 
the Grong culmination is proposed: 

Stage l: Caledonian nappe emplacement on to a 
granitic Precambrian basement. 
Stage 2: Folding of nappes and basement, devel
opment of Snåsa Synform, Kolåsfjell Antiform 
that mark the initial stages of the culmination. 
The Holden Fold in the Lierne area is probably 
of the same age as these structures. 
Stage 3: Ongoing displacement of ( folded) nappes 
at the N and NE boundary of the Grong 
culmination. Formation of a deep shear zone in 
the basement. This shear zone causes dis
placement of the nappes of the central Scandi
navian Caledonides of ca. 20 km. 
Stage 4: Refolding of the earlier structures by the 
NS trending open Olden Antiform and Lierne 
Synform. Establishment of the elbow shape of 
the Grong-Olden culmination. 
Stage 5: development of ultramylonites and 
cataclasites. These structures accentuate the 
shape of the culmination. 

• The basement-cover contacts at the northern 
margin of the GOC differ in nature from those 
in the south. The former can be classified as 
type iii contacts while the latter are inter
mediate between type iii and iv contacts in the 
terminology of Bryhni & Brastad (1980). 

• The northern type iii contacts are younger than 
the type iv contacts in the south and west. 
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