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The West Troms Basement Complex in coastal North Norway comprises Neoarchaean to Palaeoproterozoic tonalitic gneisses and igneous and 
metasupracrustal rocks that are limited to the southwest by the Lofoten igneous and high-grade metamorphic suites (1.87-1.77 Ga) and to the east 
by the Palaeozoic Caledonian Orogen. The tonalites and granitoids (2.89-2.70 Ga) were deformed and metamorphosed to gneisses, locally up to 
granulite facies (2.69-2.56 Ga), prior to intrusion of the Ringvassøya mafic dyke swarm (2.4 Ga) and were followed by deposition of widespread 
supracrustal units (2.4-1.97 Ga), some of which were intruded by mafic sills at 2.22 and 1.98 Ga. Younger (< 1.97 Ga) volcano-sedimentary succes-
sions formed locally. During the Svecofennian tectonic event (1.8-1.7 Ga) a suite of bimodal plutonic rocks (1.80-1.76 Ga) intruded the gneisses. 
The tonalitic and granitic gneisses were juxtaposed in between NW-SE trending metasupracrustal belts that created an overall lens-shaped struc-
tural pattern. The supracrustal belts were affected by  Svecofennian deformation, and variably by amphibolite/granulite facies peak metamorphism 
and greenschist facies reworking. 

New structural and geochronological work provides the framework to discuss the tectono-magmatic evolution of the West Troms Basement Com-
plex. Neoarchaean deformation involved crustal contraction (c. 2.6 Ga), probably accretion and tectonic underplating, and was followed by several 
episodes of Palaeoproterozoic crustal extension/rifting and mafic dyke intrusion (2.4-1.98 Ga). The Svecofennian tectono-magmatic event (1.8-1.7 
Ga) was characterized by prolonged arc-related contraction across block-bounding metasupracrustal belts. A progressive Svecofennian tectonic 
evolution involved early crustal contraction that generated NE-directed ductile thrusts and a gently SW-dipping crustal detachment/foliation at 
medium- to high-grade metamorphic conditions. Subsequent, macroscopic NE-SW directed upright folding of the main foliation produced steep 
limbs that became reactivated by orogen-parallel (NW-SE), mostly sinistral strike-slip shear zones and subvertical folds at retrogressive (greenschist 
facies) metamorphic conditions. The more flat-lying domains of the West Troms Basement Complex, e.g. broad macro-fold hinges, on the other 
hand accommodated NW-SE directed shortening and SE-directed thrusting. A model of continued NE-SW orthogonal shortening with an increas-
ing transpressive component with time is the most likely tectonic scenario. Such a model requires  accretion from an orogenic front to the southwest 
into a less deformed and metamorphosed foreland to the northeast.
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Introduction

The Fennoscandian Shield covering most of Finland, Swe-
den and NW-Russia (Fig. 1) is an Archaean to Neopro-
terozoic crustal province with a long and complex growth 
history (e.g. Gaal & Gorbatschev 1987; Park 1991; Gor-
batschev & Bogdanova 1993; Kärki et al. 1993; Nironen 
1997; Bergman et al. 2001; Lahtinen et al. 2008; Hölttä et 
al. 2008). Similarly aged but smaller basement provinces 
occur in coastal regions west of the Scandinavian Cale-
donides, e.g. in Lofoten and western Troms (Fig. 1) (Grif-
fin et al. 1978; Sigmond et al. 1984; Zwaan et al. 1998; 
Corfu et al. 2003; Corfu 2004). These western provinces 
have received much less attention than the autochthonous 
craton farther east due to the uncertainty of correlations 
and the Caledonian reworking (Dallmeyer 1992). Struc-
tural and geochronological research carried out in recent 
years in the West Troms Basement Complex (WTBC), 
however, has sparked off new interest in these provinces. 

Recent geochronological work, combined with struc-
tural and some petrological work in the WTBC (Corfu 
et al. 2003, 2006; Armitage & Bergh 2005; Kullerud et 
al. 2006a, b; Bergh et al. 2007; Myhre & Corfu 2008) has 
revealed a much more heterogeneous rock assemblage 
than previously recognized, with ages ranging from the 
Neoarchaean (2.89-2.56 Ga) to the Mesoproterozoic 
(c. 1.57 Ga). The province has experienced rifting and 
mafic dyke intrusion (2.4-1.98 Ga), volcanic activity 
and clastic sedimentation (c. 2.85-1.97 Ga), arc magma-
tism and Svecofennian crustal deformation and rework-
ing (1.8-1.76 Ga). Our focused structural research has 
added new knowledge that advances previous tectonic 
views about the volcano-sedimentary, magmatic and 
metamorphic evolution of the WTBC. The goal of this 
paper is to establish a tectonic framework for the WTBC 
and discuss mechanisms of growth and stabilization of 
this composite midcrustal segment. Particular empha-
sis is devoted to the study of Svecofennian high-strain 
mylonitic metasupracrustal belts (termed belts in the fol-
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lowing text) and crustal-scale ductile shear zones (e.g. 
Zwaan 1992a, b, 1995; Zwaan & Bergh 1994; Armitage & 
Bergh 2005) that separate Neoarchaean gneisses, as well 
as the tectonic significance of these belts.   

Structural architecture and current status
The WTBC (Zwaan 1995) is thought to be part of the 
northern margin of the Fennoscandian Shield (Fig. 1; 
Henkel 1991; Olesen et al. 1997), and comprises Neoar-
chaean to Palaeoproterozoic tonalitic, trondhjemitic and 
granitic gneisses (TTG-gneisses), plutonic suites and 
metasupracrustal rocks. It is limited to the southwest by 

the 1.87-1.77 Ga gabbro-anorthosite-mangerite-char-
nockite-granite suite of Lofoten and Vesterålen (Griffin 
et al. 1978; Corfu 2004). To the east, the province is sepa-
rated from the Caledonian nappes by thrusts and Meso-
zoic normal faults (Andresen & Forslund 1987; Olesen et 
al. 1997; Zwaan et al. 1998). Despite its location just west 
of the Caledonides, the WTBC shows only a relatively 
weak influence of the Caledonian orogeny, which is a 
much debated topic (Tull 1977; Brueckner 1971; Dall-
meyer 1992; Motuza 1998). The weak Caledonian over-
print and excellent exposures make it a first-class labo-
ratory for the study of Neoarchaean-Palaeoproterozoic 
mid-crust continental lithosphere.  

S. G. Bergh et al. NORWEGIAN JOURNAL OF GEOLOGY 

Fig. 1: Regional geologic-tectonic map and cross-section of the West Troms Basement Complex (revised after Kullerud et 
al. 2006b and Bergh et al. 2007). The index map shows the location of the WTBC relative to the Fennoscandian Shield, 
with its broad division of provinces by age (Nordgulen & Andresen 2008). 
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The rocks of the WTBC can be broadly divided into 
four groups: 1) Neoarchaean gneisses of various com-
positions, 2) Neoarchaean and Palaeoproterozoic supra-
crustal rocks overlying the Neoarchaean gneisses 3) Early 
Palaeoproterozoic mafic dyke swarms and 4) Palaeopro-
terozoic granitic and mafic plutons. 

Neoarchaean gneisses occur all along the WTBC tran-
sect (Fig. 1), the oldest occurring in the northeast. The 
gneisses are dominantly tonalitic, but a large variety of 
other compositions are also present. They define seg-
ments or mega-blocks limited by NW-SE trending Sve-
cofennian deformed supracrustal belts accompanied by 
steep ductile shear zones (Fig. 1). The most distinctive of 
these is the c. 30 km wide, NW-SE trending Senja Shear 
Belt, which is delimited by the Svanfjellet (Zwaan 1995; 
Armitage 2004) and Torsnes belts (Nyheim et al. 1994), 
and which is presumed to be linked with the Svecofen-
nian Bothnian-Senja shear zone network in the Swedish 
part of the Fennoscandian Shield (Henkel 1991; Doré et 
al 1997; Olesen et al. 1997).

Palaeoproterozoic mafic dyke swarms occur within 
gneiss segments on all of the major islands in the prov-
ince. Although geochronological data from these dyke 
swarms are limited, the rocks apparently represent sev-
eral intrusive events separated in time. The latest major 
intrusive event in the province is represented by c. 1.80-
1.76 Ga large granitic plutons on Kvaløya and Senja and a 
noritic intrusion on Senja.

The only published detailed structural work in the WTBC 
is from the Svecofennian deformed Mjelde-Skorelvvatn 
belt (Zwaan 1992b; Armitage 1999; Armitage & Bergh 
2005) and the Vanna group (Binns et al. 1980; Bergh et 
al. 2007), but a number of reconnaissance field studies 
have been carried out in other metasupracrustal belts of 
the region (Johansen 1987; Nyheim et al. 1994; Karlsen 
1992; Pedersen 1997; Bergh & Armitage 1998; Thomas-
sen 1999; Motuza et al. 2001a, b; Henderson & Kendrick 
2003; Armitage 2004; Skoglund 2006; Knudsen 2007; Pet-
tersen 2007; Gjerløw 2008). The input from these studies 
has enabled a preliminary tectonic model for the WTBC 
to be worked out (Armitage & Bergh 2005). In the pres-
ent paper we evaluate this model further and provide a 
framework for discussion regarding the significance of 
Svecofennian deformed metasupracrustal belts and juve-
nile (igneous) components relative to the surrounding 
Neoarchaean gneisses and fabrics.

Neoarchaean gneisses (2.89-2.56 Ga): 
Components and structure 

The northeastern part of the WTBC is dominated by 
tonalites and tonalitic gneisses with some mafic interca-
lations (Fig. 2a). Farther southwest, however, the gneisses 
are much more heterogeneous and dominantly granitic, 

e.g. on Senja (Fig. 1). The boundary between these differ-
ent compositions is marked by the c. 30 km wide, NW-SE 
trending Senja Shear Belt (Zwaan 1995). The oldest 
known rocks of the complex are tonalites of the Dåfjord 
gneiss on Vanna (2885 ± 20 Ma, U-Pb zircon, Bergh et al. 
2007) and eastern Ringvassøy (2849 ± 3 Ma, U-Pb zir-
con, Zwaan & Tucker 1996). Younger U-Pb zircon ages 
have been reported from the Bakkejord diorite (2723 ± 
7 Ma, Kullerud et al. 2006a) and gneisses southwest of 
Torsnes (2689 ± 6 Ma, Corfu et al. 2003) and on Senja 
(c. 2800-2750 Ma, Kullerud et al. 2006a). The Bakkejord 
diorite is cross-cut by a mafic dyke swarm that yielded a 
U-Pb zircon age of ca. 2670 Ma (Kullerud et al. 2006a). 
A small alkaline intrusion that truncates the banded 
gneisses on the NW part of Ringvassøya yielded a U-Pb 
titanite age of 2695 ± 15 Ma (Zozulya et al. 2009). 
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Fig. 2: Outcrop features of Neoarchaean tonalitic gneis-
ses in the WTBC: (a) Foliated tonalitic gneiss with mafic 
bands and intercalations (Dåfjord gneiss in western Ring-
vassøya). View to the NW. (b) Main transposed foliation 
in Dåfjord gneiss parallel to intrafolial isoclinal folds. 
View to the NE. (c) Steep SW-dipping foliation in tonali-
tic Dåfjord gneiss with dip-slip stretching lineation. (d) 
Partly migmatized Kvalsund gneiss in southwestern Ring-
vassøya, with inclusions of mafic pods. (e) Tonalitic gneiss 
with intrafolial, asymmetric folds verging ENE and cut by 
granite intrusion (upper part of photograph) of presumed 
Svecofennian age. Locality: western Ringvassøya. View is 
to the northeast. (f) Polyphase folding in tonalitic gneiss 
from western Senja. Note the tight fold (dotted axial trace) 
overprinted by more open folds (stippled axial trace). View 
is to the north. 
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Fig. 3: Neoarchaean and Early-Svecofennian fabric orientation data plotted in lower-hemisphere Schmidt stereo net pro-
jections from the various metasupracrustal units and adjacent tonalitic gneisses. For each unit (column), the appropriate 
plots are shown along a SW to NE transect. (a) Neoarchaean gneiss foliation, contoured poles (girdle indicates major fol-
ding, pole is π-axis). (b) Neoarchaean or Svecofennian foliation that comprises a stretching lineation outlined as slip-line-
ars (see Goldstein & Marshak 1988). (c) Svecofennian mylonitic foliation, contoured poles and girdles indicating folding. 
(d) Svecofennian stretching lineations (points and slip-linears) and foliations (as girdles) with slip-linears. (e) Svecofennian 
fold axes (points).    
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Fig. 4: Late-Svecofennian fabric orientation data plotted in lower-hemisphere Schmidt stereo net projections from the vari-
ous metasupracrustal units. (a) Low-angle thrusts formed by upright macrofolding in the Ringvassøya greenstone belt 
plotted as contoured orientations (fold axes) and single girdles with slip-linears. (b) Steep ductile and semi-ductile strike-
slip shear zones plotted as single girdles and contoured poles. Girdles in contoured plots are average shear zone attitudes 
with sense of shear (half-arrows). (c) Steep folds in strike-slip shear zones (points=fold axes, contoured poles=folded mylo-
nitic foliation, girdle=πS, star=calculated β-axis). (d) Stretching-lineations plotted as single points, contoured poles and 
slip-linears. Average shear zone attitudes are shown for the Mjelde-Skorelvvatn belt. (e) Contoured poles to folded bedding 
and axial-planar cleavages in the Vanna group and adjacent tonalitic gneisses. (f) Fold axes (contoured points) and strike-
slip shear zones (contoured poles) in the Vanna group and enclosed diorite. (g) SE-directed thrusts and ductile shear zones 
with slip-linears in tonalitic gneisses in Vanna and the eastern portion of the Ringvassøya greenstone belt.     
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The main fabric of the tonalitic gneisses is a transposed 
foliation parallel to intrafolial isoclinal folds (Fig. 2b). The 
foliation strikes N-S to NNW-SSE and dips gently to steeply 
(10-70°) and variably to the WSW and ENE (Fig. 3a). The 
foliation bears a dip-slip to oblique-slip stretching lineation 
(Figs. 2c and 3b), multiple boudinaged mafic pods (Fig. 2d) 
and tight, intrafolial asymmetric folds (Fig. 2e) signifying. 
ENE-WSW to E-W contraction and thrusting. Associated 
foliation-parallel ductile shear zones and migmatite zones 
(Fig. 2d) make up an integral portion of the gneisses, and 
they locally separate compositionally different gneisses 
(Armitage 2005) such as the Dåfjord and Kvalsund gneisses 
on Ringvassøya (Fig. 1) and gneisses within the Senja Shear 
Belt. Polyphase refolding is common (Fig. 2f) and suggests 
protracted Neoarchaean deformation. 

A major migmatite zone, located at the transition 
between the Dåfjord gneiss and the Kvalsund gneiss (Fig. 
1, cross-section) in south-western Ringvassøya (Zwaan 
1992a) has preserved granulite-facies metamorphic 
assemblages, while most of the tonalitic gneisses display 
amphibolite facies assemblages. The Kvalsund gneiss 
(Zwaan 1992a) is a banded gneiss with high-strain fab-
rics and abundant migmatization zones evident from 
irregular mafic pods embedded in reworked tonalitic 
gneiss protoliths (Fig. 2d), suggesting it may represent 

portions of a high-strain ductile shear zone. 

The age of the tonalitic, banded and migmatitic gneisses 
in the area (Kvalsund gneiss) is Neoarchaean based on 
preliminary data (Kullerud et al. 2006a). This is sup-
ported by: (i) The gneiss foliation which is cut by Sve-
cofennian mylonitic fabrics (Fig. 3c) and granitic intru-
sions (Fig. 2e), (ii) a U-Pb crystallization age of 2733 ± 
1 Ma for the tonalitic precursor of the Kvalsund gneiss 
and resetting ages of 2690-2560 Ma, which may repre-
sent the time span for the metamorphic gneiss-forming 
event (Myhre, work in progress), (iii) a 2587 ± 1.5 Ma 
U-Pb zircon age for a syn-tectonic granite dyke on NW 
Ringvassøya (Kullerud et. al 2006a), (iv) truncation of 
the gneisses by 2403 ± 3 Ma mafic dykes on Ringvassøya 
and Vanna, and (v) a 2.4-2.2 Ga time span for the uncon-
formably overlying sedimentary rocks of the Vanna 
group (Kullerud et al. 2006b; Bergh et al. 2007).     

Palaeoproterozoic mafic dyke swarms 
(2.40-2.22 Ga)

Extensive doleritic dyke swarms (Figs. 1 and 5) intruded 
the tonalites on Ringvassøya and Vanna (Kullerud et al. 

S. G. Bergh et al.. NORWEGIAN JOURNAL OF GEOLOGY 

Fig. 5 

b

a

Fig. 5: Outcrop examples of the 2.4 Ga mafic dyke swarm that intrude Neoarchaean massive tonalites (Kullerud et al. 2006b) 
in the southeastern part of Ringvassøya (see Fig. 13). Note (a) irregular and varied dyke orientations and (b) numerous off-
sets of dykes (dotted lines) by steep, semi-ductile shear zones (full lines). See also Figs. 14d and 15 for comparison.    
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2006b), Senja (Zwaan 1992a; Armitage 2004) and Kvaløya 
(Landmark 1973; Binns 1983, 1984; Zwaan 1992b, 1995). 
Preliminary U-Pb zircon data suggest an age of about 
2670 Ma for a mafic dyke swarm within the Bakkejord 
diorite (Kullerud et al. 2006a). The mafic dyke swarm on 
Senja has not yet been dated. U-Pb geochronology of zir-
con and baddeleyite from a dyke swarm on Ringvassøya 
provides a crystallization age of 2403 ± 3 Ma (Kullerud 
et al. 2006b). The Ringvassøya dykes have a gabbroic to 
noritic composition, locally ultramafic. Trace element 
geochemistry classifies them as transitional between 
MORB and within-plate basalts with an affinity to conti-
nental tholeiites. In outcrop, the dykes display relict igne-
ous textures and chilled margins. Locally, the dykes show 
mylonitic fabrics near the contacts, otherwise the dykes 
are mostly undeformed (Kullerud et al. 2006b). 

The majority of the dykes strike N-S to NNW-SSE but 
some appear to divide into multiple populations with 
irregular shapes and variable dips (Figs. 5a, b). They 
range in thickness from a few dm to more than 100 m and 
can be traced along strike for several kilometers. Some of 
the steep dykes are emplaced parallel to the main gneiss 
foliation, and may be difficult to separate from older, 
mafic intercalations (Fig. 2a), while others clearly cross-
cut the foliation. Most dykes do not truncate the bound-
aries of the meta- supracrustal belts (Zwaan 1989; Bergh 
et al. 2007), with the exception of some ultramafic dykes 
that cross-cut the Ringvassøya greenstone belt (Zwaan 
1989; Bergh & Armitage 1998). A younger, 2221 ± 3 Ma, 
mafic intrusion of the WTBC is represented by a diorite 
sill intruded into the Vanna group sedimentary rocks 
(Bergh et al. 2007). Notable truncations and off-sets of 
all the mafic dyke swarms by steep, NNE-SSW and E-W 
striking Svecofennian (?) brittle-ductile shear zones (Fig. 
5b) are common on Ringvassøya.

Neoarchaean - Palaeoproterozoic 
supracrustal belts (2.85-1.97 Ga) 

The most dominant NW-SE trending metasupracrustal 
belts lie within the c. 30 km wide Senja Shear Belt, and 
include the Svanfjellet (Zwaan 1995; Armitage 2004), 
Astridal (Pedersen 1997) and Torsnes belts (Nyheim et 
al. 1994). Narrower belts farther north are the Mjelde-
Skorelvvatn belt (Armitage 1999; Armitage & Bergh 
2005), the Steinskardtind belt and a sheared quartzite unit 
on Sandøya (Gjerløw 2008). Broader metasupracrustal 
belts are represented by the Ringvassøya greenstone belt 
(Zwaan 1989) and the Vanna group (Bergh et al. 2007) in 
the north (Fig. 1). Some of these belts may be traced for 
tens of kilometers along strike while others form discon-
tinuous folded inliers or dismembered enclaves (Fig. 6). 
These belts, apart from the Ringvassøya greenstone belt, 
obliquely truncate the Neoarchaean gneissic fabric, pro-
ducing a network of intervening mega-blocks. Despite 
undergoing Svecofennian high-strain mylonitization and 

medium- to high grade metamorphism, a supracrustal 
origin is evident from relict volcanic and sedimentary 
structures (Zwaan 1989; Nyheim et al. 1994; Pedersen 
1997; Motuza et al. 2001a). Common rock types include 
meta-conglomerates, meta-psammites, mica-schists and 
mafic to intermediate meta-volcanics, and a number of 
distinct banded iron formations and massive sulphide 
ore bodies (Sandstad & Nilsson 1998). The oldest ages 
obtained are members of the Ringvassøya greenstone belt 
dated to c. 2.85-2.83 Ga (Motuza et al. 2001a, Kullerud 
et al. 2006a), while deposition of the clastic Vanna group 
has been dated to 2.40-2.22 Ga (Bergh et al. 2007). New 
U-Pb data from detrital zircon in meta-psammites of the 
Torsnes belt yielded a maximum age of 1970 ± 14 Ma 
(Myhre et al. 2009), while a coarse metavolcanic lens in 
the Mjelde-Skorelvvatn belt was dated at 1.98 Ga (Corfu 
et al. 2006; Myhre et al. 2009).

Svecofennian deformation of supracrus-
tal belts (1.8-1.75 Ga)

Svecofennian deformation affected the tonalitic gneisses 
and supracrustal units of the WTBC by producing 
regional, NE-directed thrusts, NW-SE trending inclined 
to upright macro-folds and NW-SE striking, steep anas-
tomosing strike-slip shear zone networks (c.f. Armitage 
& Bergh 2005). These Svecofennian elements account for 
the majority of the structural features in the WTBC. Most 
pronounced is the effect of macro-folding that deformed 
the Neoarchaean gneiss foliation adjacent to the metasu-
pracrustal belts (Figs. 1, 3a, 6 and 9). One such antiform 
on Kvaløya delimits two metasupracrustal belts on its 
limbs, the Mjelde-Skorelvvatn and Steinskardtind belts 
(Figs. 1 and 7) while tighter, and more steeply plunging 
macro-folds occur within the Astridal belt and surround-
ing gneisses (Fig. 6: Pedersen 1997) suggesting that fold-
ing was synchronous with Svecofennian deformation in 
these belts (see below). A post-Neoarchaean age is indi-
cated by these folds which trend NW-SE and truncate the 
general N-S striking gneiss foliation. 

The Svecofennian deformation of the supracrustal belts 
was associated with prograde metamorphism vary-
ing from low grade (in the Vanna group) to amphibo-
lite (locally granulite) facies in the southern and central 
belts of the WTBC and ceased with retrogressive green-
schist facies reworking (Nyheim et al. 1994; Zwaan 1990, 
1992a, b, 1995; Pedersen 1997; Armitage & Bergh 2005). 
The absolute ages of these Svecofennian events are poorly 
constrained, but minimum U-Pb titanite ages of 1768 
± 4 Ma and 1751 ± 8 Ma are obtained for syn-tectonic 
granitoid pegmatite dykes in the Mjelde-Skorelvvatn belt 
(Corfu et al. 2003).

Similarly, some migmatitic shear zones in the Neoarchaean 
gneisses underwent Svecofennian granulite-facies meta-
morphism and retrogressive reworking (Nyheim et al. 
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architecture of the Astridal and Torsnes belts. Note macro-scale folds in the adjacent tonalitic gneisses where fold hinges are 
rotated into parallelism with the trace of the Astridal belt. The map is partly modified from Nyheim et al. (1994), Pedersen 
(1997), Zwaan et al. (1998) and Corfu et al. (2003).
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1994; Zwaan 1989, 1992a, b, 1995; Gjerløw 2008). A garnet 
granulite facies assemblage succeeded by a two-pyroxene 
granulite facies assemblage has been described from mafic 
lenses within a migmatitic shear zone on Sandøya (Fig. 1) 
and dated with the zircon U-Pb method to 1777 ± 12 Ma, 
the same age obtained for a granitic dike (1776.6 ± 1.1 Ma) 
cutting the lens (Gjerløw 2008). A late prograde event from 
greenschist to amphibolite facies in the same lens is shown 
by the overgrowth of hornblende on actinolite.  

Below, we describe Svecofennian structures from the indi-
vidual metasupracrustal units in a traverse from southwest 
to northeast, and suggest a local tectono-metamorphic 
history to tentatively erect a regional model (cf. Table 1).  

Senja Shear Belt

The more than 30 km wide Senja Shear Belt (Fig. 1; Zwaan 
1995) is delimited by the high-strain Svanfjellet and 
Torsnes belts and several internal, steep deformation zones 
(Zwaan 1995; Pedersen 1997; Armitage 2004). The metasu-
pracrustal inliers in the Senja Shear Belt are composed of 
amphibolite-facies, mafic meta-volcanic rocks and meta-
psammites, locally with graphite deposits (Henderson & 
Kendrick 2003). These lithologies are multiply folded and 
sheared, producing lens-shaped structural patterns (Fig. 6). 
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Fig. 7 

Fig. 7: Regional-scale upright antiform in the Gråtind 
migmatite in central Kvaløya. Note the position of the 
Mjelde-Skorelvvatn belt on the western, steep limb of the 
antiform.

Fig. 8 

a

b

Fig. 8: (a) Tight to isoclinal, gently plunging folds with NE 
vergence in mylonitc granodiorite of the Svanfjellet belt. 
Line interpretations and shear-sense (arrows) are shown. 
View is to the SE. (b) Granite pegmatite dyke formed syn-
tectonically with an asymmetric (dextral), steep-plunging 
shear fold in mylonitic granodiorite of the Svanfjellet belt. 
View is to the WNW. 
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Svanfjellet belt
The Svanfjellet belt (Cumbest 1986) defines the southwest-
ern boundary of the Senja Shear Belt (Zwaan 1995) (Fig. 
1). The tectonic significance of this boundary/belt, how-
ever, is not fully understood (cf. Henderson & Kendrick 
2003; Armitage 2004). It is a moderately SW-dipping (Fig. 
3b), partly mylonitized belt of upper amphibolite facies 
granodioritic gneisses and sheared mafic dykes, with some 
intercalations of banded meta-psammite, that separate 
intermediate granitic and mafic gneisses to the northeast 
and granitoid gneisses to the southwest. The Neoarchaean 
foliation in the coarse granodiorite gneiss is rotated into 
parallelism with a mylonitic foliation of the meta-psam-
mites and comprises a SW-plunging stretching lineation, 
thought to be Svecofennian in age (Fig. 3b). Associated 
tight to isoclinal folds in the mylonitized granodiorite (Fig. 
8a) indicate top-to-the NE directed transport (thrusting). 

This shear zone (Fig. 1: Svb) is situated on the eastern 
flank of a regional upright, NE-verging and gently south-
plunging synform (Fig. 3a). The synform is refolded by 
km-scale, steeply NW-plunging folds (Fig. 4c), and in the 
Svanfjellet belt these folds are accompanied by conjugate 
steep, sinistral and dextral strike-slip shear zones (Fig. 4b). 
Mesoscale, steeply plunging asymmetric folds within the 
belt are intruded by syn-tectonic granitoid dykes (Fig. 8b), 
suggesting the dykes formed by shear-generated anatexis. 
The relationship of the mylonitized granodiorite to the 
surrounding gneisses is important for resolving the status 
of the Svanfjellet belt. The gneisses to the southwest are 
likely older than the mylonitized granodiorites, as they 
show a polyphase Neoarchaean gneiss fabric with a more 
pronounced N-S strike and without the stretching linea-
tion that typifies rocks of the Svanfjellet belt. In addition, 
gneisses to the southwest contain undeformed mafic 
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Table 1. Summary of tectono-magmatic evolution of the west Troms basement complex
AGE (Ga) COMPONENTS & EVENTS  

2.89-2.56 Ga Archean magmatism and metamorphism: Tonalite (and anorthosite), granite and granodiorite (Dåfjord 
& Kvalsund gneiss, Bakkejord diorite and Gråtind migmatite)

2.85-2.83 Ga Initial volcanism and sedimentation: Parts of the Ringvassøya greenstone belt

2.69-2.56 Ga? Neoarchaean deformation 
-   Main gneiss foliation (initially flat-lying, now N-S striking and variable dip),  intrafolial ductile shear    

zones, tight folds and dip-slip stretching lineation (NE-SW)
-   Medium grade (locally high grade) metamorphism and migmatization
Crustal contraction and thickening by accretion and/or underplating

2.40 Ga Crustal extension and intrusion of Ringvassøya mafic dyke swarm

2.4-2.2 Ga Deposition of Vanna group and Skipsfjord nappe clastic sediments 

2.22 Ga Intrusion of Vanna diorite sill

1.98 Ga 
1.993 Ga
1.80 Ga
1.79 Ga

Deposition and magmatism of Mjelde-Skorelvvatn and Torsnes (possibly also Astridal and Steinskardtind) belts
Intrusion/volcnism in the Mjelde-Skorelvvatn belt
Intrusion of granites and Hamn Norite in Senja
Intrusion of Ersfjord Granite in Kvaløya

1.8 Ga?

Unknown

1.77 Ga

1.75 Ga?

Svecofennian deformation:
Early: -Main mylonitic foliation in metasupracrustal rocks, initially f lat-lying.

tight to isoclinal intrafolial folds with NW-SE trend and moderately plunging folds, NE-directed 
ductile shear zones (thrusts) with a dip-slip stretching lineation. Prograde medium (locally high) 
grade metamorphism.
NE-SW orthogonal shortening, NE-directed thrusting and arc-related accretion/collision 

Mid:   -Regional NW-SE trending open to tight upright folding of the mylonitic Foliation; flat hinges and 
steep limbs. Medium/low grade metamorphism.  
Continued NE-SW orthogonal crustal shortening

Late:   -Regional and meso-scale steeply N-plunging sinistral folds and conjugate NNW-SSE and NW-SE 
striking, steep ductile shear zones (strike-slip) in the Senja Shear Belt, Mjelde-Skorelvvatn belt and 
Ringvassøya greenstone belt.
Retrogressive low grade metamorphism. 
Orogen-parallel (NW-SE) strike-slip shearing and reactivation

Latest: -NE-SW trending upright folds of the Vanna group and SE-directed thrust (in Skipsfjord nappe), 
steep NE-SW and ESE-WNW striking semi-ductile strike-slip shear zones. Retrogressive low 
grade metamorphism. 
Orogen-parallel contraction (foreland fold-thrust belt development) and strike-slip shearing

1.57 Ga Intrusion of felsic pegmatites and continued retrogression of strike-slip shear zones



31

dykes, while sheared dykes occur in the mylonitized 
granodiorites. Intermediate and mafic, presumably Neo-
archaean gneisses northeast of the Svanfjellet belt contain 
graphitic intercalations within tight isoclinal fold hinges 
and refolded, steeply plunging folds and strike-slip shear 
zones (Henderson & Kendrick 2003).  

The only constraints on the age of deformation in the 
Svanfjellet belt derive from a nearby massive lens-shaped 
igneous body, the Hamn Norite, which has a crystalliza-
tion age of 1802.3 ± 0.7 Ma (Kullerud et al. 2006a). This 
competent gabbroic body may have acted as a strain bar-
rier for the polyphase Svecofennian folding of the area. 
Its arcuate and lenticular shape and the locally sheared 
contacts to the granodiorites indicate post-1802 Ma fold-
ing of the Hamn Norite. 

In summary, the Svanfjellet belt underwent Svecofen-
nian NE-directed contractional folding and thrusting 

and subsequent NW-SE strike-slip shearing on conju-
gate, steep shear zones. The Svanfjellet belt may be a 
provincial-scale boundary that separates an older, Neo-
archaean granitoid crustal block to the southwest from 
a more composite granite-gneiss block within the Senja 
Shear Belt (cf. Cumbest 1986; Zwaan 1995; Henderson & 
Kendrick 2003).

Astridal belt

The NW-SE trending Astridal belt in Senja is 2-4 km 
wide and exposed for nearly 20 km along strike (Figs. 6 
and 9). It consists of greenschist- to amphibolite-facies 
volcanic and siliciclastic rocks, relic pillow lava, tuffa-
ceous rocks, conglomerates, marbles, calcareous mica-
schists (garnet-rich in the north) and a km-thick pile of 
well-preserved, partly cross-bedded psammite (Fig. 10a) 
in the south (Fareth 1983; Pedersen 1997). Distinct hori-
zons with rusty weathered, banded Fe-sulfide rocks and 
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Fig. 9: (a) Aerial photograph with line interpretation of the Astridal belt (see location in Fig. 6) showing traces of the Sveco-
fennian mylonitic foliation inside the belt (stippled lines) and of the major tight, steep-plunging antiform in adjacent gneisses, 
which is rotated into parallelism with the sheared belt margin (Pedersen 1997). Note also the regional-scale sinistral duplex 
in the gneisses in the central portion of the Astridal belt. (b) Detailed geologic and tectonic map of the northern part of the 
Astridal belt at Baltsfjord (location frame shown in a). The most prominent feature in this area is a steeply-plunging macro-
fold (S-shaped bend in map view) of the entire belt and adjacent gneisses. Note also the intricate disharmonic and refolded 
fold styles in the hinge area, which is cut by steep, rectilinear (to the south) and fan-shaped (to the north) axial-planar strike-
slip shear zones (Pedersen 1997).
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ultramafic pods and sheets occur in foliation-parallel Fe-
rich calcareous units and in the adjacent gneisses. Field 
observations have been unable to clarify whether the 
supracrustal rocks were deposited on top of the granitoid 
gneisses, as the contacts are always tectonically modi-
fied and the gneisses either thrust over them or laterally 
transposed into parallelism with the supracrustal rocks 
(Zwaan & Bergh 1994). The adjacent Neoarchaean gneiss 
foliation is discordant on the regional scale but on a local 
scale is conformable with the mylonitic fabric of the 
Astridal belt (Figs. 3b-c, 6 and 9).

In map view, the Astridal belt is characterized by lens-
shaped, anastomosing shear zones that are internally 
parallel to lithologic boundaries, but also merge into the 
adjacent rocks (Fig. 6). The main fabric is a steep NE-
dipping mylonitic foliation with a uniform, oblique to 
down-dip stretching lineation (Figs. 3d and 10b). The 

foliation is axial-planar to gently NW-plunging isocli-
nal folds (Fig 3e) with down-NE vergence (Fig. 10c). 
Mylonitic mineral assemblages in the north include 
garnet, hornblende and oligoclase in mafic rocks, i.e. 
amphibolite-facies conditions, while the rocks to the 
south suffered middle to lower greenschist-facies meta-
morphic conditions. 

The southern part of the Astridal belt is characterized 
by low-strain and one antiformal macro-fold affecting 
the mylonitic foliation (Fig. 6). This fold has steep limbs 
and a moderately north-plunging axis (Fig. 3c) and may 
be correlated with a similar fold system in the adjacent 
gneisses near Astridtind, which is warped sinistrally 
into parallelism with the metasupracrustal belt (Figs. 6 
and 9a). In the north, near Baltsfjord, the belt thins to 
less than 1 km due to increased strain and a steeper, c. 
70-80º NE-dip of the foliation (Fig. 3c). Adjacent gran-
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Fig. 10: Outcrop characteristics of the Astridal belt: (a) Cross-bedding in meta-psammites from Skårlineset (see Fig. 6 for 
location). View is toward NW. (b) Metavolcanic rock with steep, SW-dipping proto-mylonitic foliation containing a dip-slip 
lineation outlined by stretched felsic and mafic lapilli and bomb-size clasts, from Bjørklund, Baltsfjord (see Fig. 9 for loca-
tion). View is toward NW. (c) Moderately north-dipping (to the left) high-strain contact between mylonitic metavolcanic/
amphibolitic rocks (below) and tonalitic gneiss (above, light colour) from Kvalvik (see Fig. 9 for location). Note intricate 
isoclinal folding and transposed main foliation in the amphibolite.View is to the east. (d) Late-stage steep semi-ductile, con-
jugate sinistral and dextral strike-slip shear zones that developed along axial surface of macrofolded mylonitic metavolcanic 
rocks at Baltsfjord. View is on horizontal surface toward north. 
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itoid gneisses define mega-lenses involved in a map-
scale sinistral strike-slip duplex (Fig. 9a) (Pedersen 
1997). Major steep north-plunging sinistral folding of 
the mylonitic fabric and of the contacts to the surround-
ing gneisses (Fig. 4c) can be seen at Baltsfjord (Fig. 9b). 
In this macro-fold hinge, complex vertical refolding 
of the older upright folds caused space problems and 
accommo dation faults developed (Fig. 9b). The sub-
vertical folds have steep and diverging mylonitic shear 
zones parallel to the axial surfaces; one shear zone set 
strikes NNW-SSE and displays sinistral shear sense and 
a minor set strikes NE-SW and shows dextral shear sense 
(Figs. 4b-c, and 10d). Gently plunging stretching linea-
tions (Fig. 4d) together with asymmetric shear bands, 
S-C-structures and steep-plunging kink folds all support 
a strike-slip displacement pattern (Pedersen 1997). 

In summary, the Svecofennian deformation of the Astri-
dal belt was characterized by (i) gently, NW-plunging 
and NE-vergent isoclinal folds and probable thrusts, 
(ii) tight, moderately north-plunging macro-folds that 
refolded the earlier folds and (iii) late stage subvertical 
folds accompanied by steep, mostly sinistral strike-slip 
shear zones. The late-stage deformation was responsible 
for the overall anastomosing geometries of the belt.

Torsnes belt 

The Torsnes belt is NW-SE trending, anastomosing 
and up to two km wide (Fig. 11). A maximum deposi-
tional age of 1970 Ma was obtained from detrital zircons 
(Myhre et al. 2009). The supracrustal rocks were initially 
mapped by Landmark (1973) who correlated them with 
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Fig. 11: (a) Digital elevation image of the Torsnes belt and surrounding Neoarchaean gneisses viewed to the north. (b) Aerial 
photograph of the Torsnes belt. (c) Geological map and sketch interpretation of fabric elements in the Torsnes belt (after 
Landmark 1973, Zwaan 1992b, Nyheim et al. 1994). 
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the Caledonian nappes in Troms on the basis of dis-
tinct conglomerate horizons. Binns (1983, 1984) con-
sidered the belt as part of a Precambrian supracrustal 
series deposited on a gneissic substratum, while Zwaan 
(1992b), Zwaan & Bergh (1994) and Nyheim et al. (1994) 
argued for local high-strain shearing and mylonitization 
along the contacts, and amphibolite-facies metamor-
phism in the belt (cf. Skelton 1997). 

A primary depositional contact is well displayed in the 
northwest (Fig. 11: Stokkvikneset), where a c. 5 m thick 
conglomerate horizon with granitoid clasts (cf. Binns 
1984) rests on a folded granitoid gneiss substratum (Fig. 
12a) and is succeeded by cross-bedded meta-psammites 
and several hundred meters of various amphibolitic 
schists. The eastern boundary is defined by a c. 30 m wide 
ductile shear zone of mylonitic granites and conglomer-

ates (Fig. 12b). The mylonite foliation reveals stretching 
lineation (Fig. 3c-d) and asymmetric clasts consistent 
with top-to-the east, thrust displacement. The entire 
Torsnes belt is folded into a large syncline, and presumed 
parasitic folds are inclined to the SW with shallow, NW- 
and SE-plunging axes (Figs. 12c and 3e). Well preserved 
cross-bedding within steeply dipping bedding-planes in 
the meta-psammites show a consistent younging towards 
the centre of the Torsnes belt, proving that the macro-
structure is a syncline. The fold limbs are parallel to 
the mylonitic foliation which is axial-planar to isoclinal 
folds that fold the primary unconformity (Fig. 12a). The 
mylonitic foliation dips steeply SW (Fig. 3c) and is asso-
ciated with a NW-plunging stretching lineation (Fig. 3d) 
expressed as elongate conglomerate clasts. This fabric is 
oblique to the N-S trending foliation of the surrounding 
gneisses to the northeast (Figs. 3a, b). A medium-grade 

S. G. Bergh et al. NORWEGIAN JOURNAL OF GEOLOGY 

Fig. 12

d

ba

c

Fig. 12: Outcrop features of the Torsnes belt and surrounding gneisses: (a) Steep depositional contact between granitic gneiss 
(in front) and meta-conglomerate. Note penetrative cleavage which is parallel to the main mylonitic foliation of the belt, but 
perpendicular to bedding. Locality: Stokkvikneset (Fig. 11c). View is toward NW. (b) Eastern tectonic contact between gra-
nitic gneisses (right) and meta-conglomerates of the Torsnes belt outlined by subvertical high-strain mylonites. Locality: NW 
of Bergneset. View is toward NW. (c) Upright ptygmatic folding in amphibolite near the eastern contact to the Torsnes belt, 
south of Molvika (Fig. 11c), indicating horizontal NE-SW contraction. View is toward north. (d) Steeply-plunging fold in a 
granite pegmatite vein in amphibolitic gneiss from the same locality as in c, indicating axial-planar sinistral strike-slip shea-
ring. View is toward north. 
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metamorphic (annealed) assemblage with garnet, biotite 
and amphibole characterises this main structural fabric 
of the Torsnes belt.  

A younger set of ductile structures affected the mylonitic 
foliation in the Torsnes belt and adjacent gneisses. 
They include S-shaped subvertical folds (Fig. 12d) and 
oblique, strike-slip dominated shear bands and cleavages 
striking mostly NW-SE (sinistral) and with subordinate 
ones striking NNE-SSW (dextral) (Figs. 4b-c). Strike-
slip reworking of the entire Torsnes belt is supported by 
macro-scale sinistral warping of the N-S striking Neo-
archaean gneiss fabric of the surrounding gneisses into 
parallelism with the NW-SE trend of the belt (Fig. 11c). 
This event was characterized by a fine-grained green-
schist facies mineralogy superimposed on the older 
annealed fabric.  

In summary, the Torsnes belt suffered Svecofennian 
deformation at medium-grade metamorphic conditions, 
with the formation of early-stage, east-verging isoclinal 
folds and a related, SW-dipping, mainly mylonitic folia-
tion. The entire belt was then folded into a macro-syn-
cline bounded by east-directed thrusts along the base-
ment-cover contact and steep limbs of the macro-fold. 
Later on, subvertical folds and mostly NW-SE striking 
sinistral strike-slip shear zones and oblique cleavages, 
reshaped the belt into a lens-shaped map pattern. 

Mjelde-Skorelvvatn belt 

The Mjelde-Skorelvvatn belt (Fig. 1) is a narrow, NNW-
SSE trending belt of steeply SW-dipping metasupra-
crustal rocks (Binns 1983; Zwaan 1992a) sandwiched in 
between anorthositic gneisses of the Gråtind migmatite 
and the Bakkejord diorite on the steep western limb of a 
gently south-plunging antiform in the tonalitic gneisses 
(Figs. 3a-b and 7). The constituents are predominantly 
amphibolites with smaller units of quartz-garnet-mica 
gneiss, marble and calc-silicate schist, titano-magne-
tite-rich horizons and minor meta-psammites. Highly 
deformed remnants of mafic and ultramafic rocks occur 
along the contact with the Bakkejord diorite (Armitage 
1999). A coarse-grained metavolcanic lens, preserved 
in the amphibolites, yields a zircon age of 1.98 Ga Ma 
(Corfu et al. 2006; Myhre et al. 2009). 

The main internal fabric is a steep WSW-dipping 
mylonitic foliation (Fig. 3c) with a WNW-plunging, 
down-dip stretching lineation (Fig. 3d). The foliation 
formed axial-planar to isoclinal folds of variable plunge 
(Fig. 3e) under amphibolite facies metamorphic condi-
tions (Armitage & Bergh 2005). East-directed thrust-
ing is demonstrated by a consistent asymmetry of east-
verging isoclinal folds, and this thrusting is thought to 
have partly emplaced the Bakkejord diorite on top of the 
Mjelde-Skorelvvatn belt (Armitage 1999). Subsequent 
macroscopic folding produced the steep tilt of the belt on 
the western limb of a regional antiform in the adjacent 

gneisses (Fig. 3a-b). Superimposed structures (Fig. 4b-d) 
are steeply plunging, sinistral macro-folds with axial-
planar cleavages and related anastomosing networks of 
laterally reactivated foliation planes and two sets of tem-
porally related steep oblique strike-slip shear zones, i.e. 
NW-SE striking sinistral and subordinate NNE-SSW 
striking dextral shear zones. 

Minimum ages for the time of deformation are given by a 
U-Pb titanite age of 1768 ± 4 Ma for granitoid pegmatite 
dykes that intruded syn-tectonically with the steep sinis-
tral folds, while a 1751 ± 8 Ma age is recorded in felsic 
dykes associated with the strike-slip fabrics (Corfu et al. 
2003).

Steinskardtind belt

The Steinskardtind belt (Binns 1983; Zwaan 1992b) lies 
on the eastern, gently-dipping  limb of the same mac-
roscopic antiform whose steep western limb hosts the 
Mjelde-Skorelvvatn belt (Figs. 1 and 6), and separates the 
Gråtind migmatite below from tonalitic gneisses above. 
It consists of a c. 500 m thick pile of siliciclastic, calcar-
eous schists and mafic meta-volcanics (Zwaan 1992b). 
Our data indicate that the gently east-dipping mylonitic 
contact (Fig. 3d) may represent a rotated thrust relative 
to the underlying Gråtind migmatite, because it con-
tains stretching lineations and isoclinal folds indicating 
top-down-to the east displacement (Fig. 3d, e). A sec-
ond stretching lineation within the mylonitic foliation 
(thrust) plunges gently to the north and is accompanied 
by tight N-verging folds, assuming successive thrusting 
and oblique sinistral strike-slip reactivation. Thus, the 
Steinskardtind belt deviates from other metasupracrustal 
belts in the WTBC by showing foliation-parallel thrusts 
and low-angle oblique-slip shear zones. 

The Steinskardtind and Mjelde-Skorelvatn belts and 
the underlying Gråtind migmatite are macroscopically 
folded, and the main mylonitic fabric in both belts is par-
allel to the contacts to the Gråtind migmatite. Therefore, 
it seems that the Gråtind migmatite is the basement for 
both these supracrustal belts which may be relics of the 
same cover sequence. Metamorphic signatures are simi-
lar, and lithological differences between the zones may 
be due to primary facies variations.  

Ringvassøya greenstone belt

This wide greenstone belt is sandwiched between seg-
ments of the tonalitic Dåfjord gneiss (Fig. 13) and con-
sists of mafic and intermediate felsic meta-volcanics 
with tholeiitic to calc-alkaline affinities (Motuza et al. 
2001a) and meta-sedimentary rocks. Zwaan (1989) sub-
divided the greenstone belt into a lower unit containing 
greenschist-facies meta-volcanics, and an upper unit 
with amphibolite-facies meta-psammites, i.e. quartz-
feldspathic gneisses (Fareth & Lindahl 1981; Binns 
1983, 1984; Zwaan 1989; Motuza et al. 2001a, b). Rusty 
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sulphide-rich mica schists and magnetite-quartzite or 
banded iron formations (Fig. 14a), some of which have 
high concentrations of sulphidic-ore minerals and gold 
(Sandstad & Nilsson 1998), make up a significant portion 
of these units. The age of the belt is not well constrained, 
but felsic meta-volcanic rocks in the lower unit yield 
U-Pb crystallization ages of 2848.5 ± 4 Ma and 2835 ± 14 
Ma (Motuza et al. 2001a). Further, preliminary data from 
Kullerud et al. (2006a) suggest a minimum age of 2832 
Ma for a quartz-keratophyre north of Skogsfjordvatn and 
an age of ca. 2830 Ma for a thin granitoid dyke east of 
Skogsfjordvatn. The age of the upper meta-psammitic 
unit of the belt, is not known. 

The gneiss-greenstone contact in the north (Fig. 13) was 
interpreted as a thrust by Zwaan (1989) and Motuza et al. 
(2001b), with the Dåfjord gneiss partly emplaced south-
ward over flat-lying metasupracrustal rocks. The south-
eastern contact defines a km-thick zone of imbricate 
thrust slices of meta-tonalite and meta-volcanics (Fig. 

14b) partly embedded in retrogressive phyllonites. The 
northwestern contact (Fig. 13) was considered by Zwaan 
(1989) to be a tectonic unconformity, and the contact to 
the overlying upper meta-volcanic unit was thought to 
be a thrust of uncertain age. Thus the greenstone belt was 
portrayed as two allochthons (Binns 1983). Our observa-
tions show that the gneiss-greenstone contact in western 
Ringvassøya (Fig. 13: at Skarsfjord) is steep, regionally 
folded and affected by both thrusting and lateral (dex-
tral) shearing (Bergh & Armitage 1998; Armitage 2001). 
The internal contact between the two metasupracrustal 
units farther east represents a low-angle, retrogressed 
(greenschist-facies) mylonitic shear zone (Skoglund 
2006), with the upper unit obliquely truncating the lower 
unit. A gradual eastward decrease in metamorphic grade, 
from amphibolite facies to greenschist facies, is appar-
ent in the entire greenstone belt (Zwaan 1989). Locally, 
a prograde evolution from greenschist to amphibolite 
facies is seen as overgrowths of hornblende on actinolite 
(Karlsen 1992, Thomassen 1999). 

Fig. 13: Regional geological-structural map of the Ringvassøya greenstone belt and the surrounding Dåfjord gneiss, 
modified after Zwaan (1989). The trend of the Neoarchaean gneiss fabric and main mylonitic foliation in the greens-
tone belt rocks is shown as stippled lines. Also shown are thrust and laterally sheared greenstone belt contacts, the tra-
ces of synform-antiformal folds, internal oblique thrust in the northwestern part of the greenstone belt, and late-stage, 
steep semi-ductile shear zones that offset and/or truncate the gneiss-greenstone contact and adjacent Neoarchaean 
gneiss foliation and mafic dyke swarm. 
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The metasupracrustal rocks have a pervasive foliation 
which is largely conformable with lithological contacts 
and the adjacent Neoarchaean gneiss fabric (Figs. 3a, c). 
The foliation is transposed and axial-planar to isoclinal 
folds formed in localized ductile shear zones at amphibo-

lite facies metamorphic conditions. ENE-WSW trending, 
slightly oblique dip-slip stretching lineations occur on 
the foliation surfaces (Fig. 3d) and combined asymmetry 
of the isoclinal folds suggests top-to the ENE thrusting 
(Bergh & Armitage 1998). The foliation is subvertical in 

Fig. 14: Outcrop features of the Ringvassøya greenstone belt and nearby gneisses: (a) Highly silicic schist with rusty 
oxidized sulphides and leached yellow sulphates in the northwestern part of the greenstone belt. (b) Southeastward 
emplaced imbricate thrust slice of mylonitic meta-volcanic rocks at the southeastern contact between the greenstone 
belt and the Dåfjord gneiss (near Hessfjord: Fig. 13). (c) Meso-scale, east-verging kink fold in metavolcanic schists and 
axial-planar related, quartz-filled, minor thrust. The locality is close to an oblique-thrust in the western part of the 
greenstone belt. (d) Steep, oblique-sinistral shear zones that cross-cut mafic dykes and massive tonalite in the eastern 
part of Ringvassøya (southwest of Kopparelv, Fig. 13). View is toward north. (e) Meter-thick ultramylonitic schist along 
strike-slip shear zone in tonalite, near Kopparelv. The shear zone contacts to undeformed tonalite are shown by stippled 
traces. View is toward NE. (f) Steep, semi-ductile strike-slip shear zone that truncates and sinistrally bends the flanking 
foliation of the gneiss. Similar shear zones are also common in the greenstone belt. Locality: north shore of Svartevatn, 
Fig. 13). View is toward east. 
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the west, but swings gradually towards a moderate north-
erly dip in the middle part and to a westerly dip in the 
northeast (Fig. 3c). This pattern reflects upright synfor-
mal folding of the entire greenstone belt and also of the 
southern gneiss-greenstone contact around a NW-SE 
axial trace (Fig. 13), a feature also recognized in the 
underlying gneisses (Fig. 3a). Synchronously with fold-
ing, the rocks were cut by low-angle retrogressed phyl-
lonitic shear zones and folded by east-verging asym-
metric chevron folds (Figs. 4a and 14c) supporting east-
directed oblique thrusting in the hinge of the macro-fold. 
Oblique-dextral strike-slip faults formed on the steep 
western fold limb due to folding and flexural shearing. 
A thrust origin is also inferred for the gneiss-greenstone 
contact in the north and east (see Zwaan 1989), but 
this thrusting (Fig. 14b) was SE-directed and certainly 
younger. During this later shortening event, the major 
synform of the belt, in the eastern portion, was refolded 
to a more E-W axial trace, thus producing the arcuate 
shape of the belt (Fig. 13).  

A coherent set of steep, conjugate NNE-SSW (locally 
E-W) and NNW-SSE striking, steep semi-ductile shear 
zones truncates all other fabrics in the greenstone belt, 
including the gneiss-greenstone contact, the tonalitic 
gneisses and the 2.4 Ga mafic dyke swarm just south of 
the greenstone belt (Figs. 5b and 15). The dominant set 
strikes NNE-SSW and displays oblique-sinistral strike-slip 
(down-to-the SW) senses of shear (Fig. 14d) and formed 
under greenschist facies conditions. Minor ENE-WSW 
striking, dextral strike-slip shear zones with oblique-
reverse (up-to-the NE) motions (Fig. 4b-e) are also pres-
ent (Zwaan 1989; Karlsen 1992; Thomassen 1999). These 
presumably Late-Svecofennian shear zones are locally 
tens of meters thick, but mostly a meter thick or so and 
comprise ultramylonitic schists as fault rocks (Fig. 14e). 
Others define narrow semi-brittle faults that affected the 
Neoarchaean gneiss foliation by local drag folding (Fig. 
14f). The mylonitic shear zones are associated with steeply 
north-plunging shear folds (Fig. 4c), oblique-slip crenula-
tion cleavages, sigmoidal clasts and multiple shear bands, 
all supportive of strike-slip displacements. 

In summary (Fig. 16), the Ringvassøya greenstone belt 
underwent initial ENE-directed thrusting, isoclinal fold-
ing (Fig. 16a) and amphibolite facies metamorphism in 
the west, and later was macro-folded into a NW-SE trend-
ing syncline-anticline pair accompanied by eastward 
directed oblique thrusting  and dextral shearing of the 
gneiss-greenstone contact (Fig. 16b) at greenschist facies 
metamorphic conditions. During a later kinematic event, 
the entire belt was cut by steep, conjugate strike-slip faults 
indicating NW-SE contraction and possible SE-directed 
refolding and thrusting of the Dåfjord Gneiss on top of 
the greenstone belt rocks (Fig. 16c) thus producing the 
overall arcuate shape of the greenstone belt. 

Vanna group

The Vanna group farthest north in the WTBC (Fig. 1) 
is a c. 500 m thick pile of low-grade, parautochthonous 
sedimentary rocks unconformably overlying the 2885 ± 
20 Ma tonalitic basement (Binns et al. 1980; Johansen 
1987; Bergh et al. 2007). It consists of well-bedded silici-
clastic rocks and is intruded by a diorite sill dated at 2221 
± 3 Ma (Bergh et al. 2007). Since 2.4 Ga old mafic dykes 
(Kullerud et al. 2006b) in the underlying tonalitic base-
ment do not truncate the basement-cover contact, the 
timing of deposition of the Vanna Group is constrained 
to the 2.40-2.22 Ga interval. The sediments were pre-
dominantly derived from the nearby 2885 ± 20 Ma tonal-
itic basement as shown by laser ablation ICP-MS U-Pb 
dating of detrital zircons (Bergh et al. 2007). The Vanna 
group is the best preserved and least metamorphosed 
example of a Palaeoproterozoic metasupracrustal unit 
in the WTBC. The mafic sill shows a prograde meta-
morphic evolution from greenschist to amphibolite 
facies as evidenced by neoblasts of hornblende and epi-
tactic hornblende overgrowing actinolite porphyroclasts 
(Knudsen 2007).

Fig. 15
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Fig. 15: (a) View from satellite image (digital elevation 
model) of the southern part of Ringvassøya showing 
Late-Svecofennian strike-slip shear zones that truncate 
and offset the tonalitic gneisses and a mafic dolerite dyke 
(2.4 Ga) both sinistrally (to the right) and dextrally (left). 
Note rectilinear traces and through-going character of the 
shear zones. View is toward north. (b) View of the same 
semi-ductile, sinistral and dextral shear zone system that 
off-sets mafic dykes as in (a), but traced c. 5 km further 
north and viewed in the opposite (southward) direction. 
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The deformation of the Vanna group differs from the 
other metasupracrustal belts both in orientation and 
metamorphic grade (Pettersen 2007; Bergh et al. 2007). 
The major structures are SE-verging horizontal folds 
with axial planar cleavage and thrusts dipping moder-
ately NW (Fig. 4e). Steeply NE-plunging sinistral shear 
folds, high-strain detachments, splay faults and mutually 
related semi-brittle fractures (Riedel shears) are all super-
imposed on the inclined folds and oriented obliquely 
clockwise to the main cleavage (Fig. 4f) in the attenuated 
limbs of the folds. A diorite sill is similarly truncated by 
sets of steep NE-SW and ESE-WNW striking retrogres-
sive (greenschist-facies) mylonitic shear zones with sub-
horizontal stretching lineations and asymmetric porphy-
roclasts indicating oblique-reverse (dextral) and sinistral 

strike-slip shear senses, respectively (Fig. 4f-g).

In the northern part of Vanna, the Skipsfjord nappe (Fig. 
1) is a gently NW-dipping unit composed of amphibo-
lite-facies meta-arkoses sandwiched between sheets of 
mylonitic tonalite gneisses (Opheim & Andresen 1989). 
It was previously interpreted as a down-faulted Cale-
donian nappe separated from the gneisses by a Meso-
zoic normal fault in the north and a Caledonian thrust 
in the south, and thought to be a possible correlative to 
the Vanna group despite the difference in metamorphic 
grade (Opheim & Andresen 1989; Andresen & Opheim 
1990; Rice 1990). This spatial correlation still seems 
valid, but we consider the Skipsfjord nappe to be a Pal-
aeoproterozoic thrust sheet (cf. Bergh et al. 2007). 

Fig. 16: Local Svecofennian tectonic model for the Ringvassøya greenstone belt and adjacent tonalitic gneisses (after 
Bergh & Armitage 1998). Left column shows a schematic interpretation of the local structures and the right column 
outlines the resulting map pattern.  See text for further explanation: (a) NE-SW bulk crustal shortening that produced 
tight to isoclinal folds, localized high-strain ductile shear zones and a pervasive foliation in the metasupracrustal rocks. 
(b) NE-SW regional-scale asymmetric inclined folding of the previously formed main foliation creating low-angle, east-
directed thrusts in the macrofold hinge and gently-dipping eastern limb, while oblique dextral strike-slip shearing is 
present on the steep western limb of the macrofold and along the gneiss-greenstone contact. (c) Late-stage, steep con-
jugate strike-slip shear zones truncating all other structures. These shear zones may have formed in the footwall due to 
tectonic wedging and SE-directed thrusting of the Dåfjord gneiss on top of the Ringvassøya greenstone belt. 
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In summary, the Vanna group represents the least deformed 
and metamorphosed supracrustal unit in the WTBC. Sve-
cofennian deformation involved NW-SE directed folding-
thrusting and cleavage formation as well as subsequent 
vertical folding and generation of steep, conjugate, oblique 
NE-SW and WNW-ESE striking Riedel shear zones.

Svecofennian igneous suites 

(1.80-1.76 Ga) 

The Neoarchaean gneisses of the WTBC are intruded 
by a suite of felsic and mafic plutonic rocks, e.g. the Ers-
fjord Granite on Kvaløya (Andresen 1979) and similar 
granitoid and mafic plutonic rocks on Senja (Fig. 1). The 
Ersfjord Granite has a U-Pb zircon crystallization age of 
1792 ± 5 Ma (Corfu et al. 2003). The largely undeformed 
Hamn Norite in Senja is dated with zircon at 1802.3 ± 
0.7 Ma (Kullerud et al. 2006a) and 1800 ± 3 Ma (unpubl. 
age quoted in  Zwaan et al. 1998) whereas a sample of 
the large granitic mass farther south gives a zircon and 
titanite age of c. 1805 Ma (Myhre & Corfu 2008). Meta-
morphic overprints of the Ersfjord Granite are recorded 
by U-Pb titanite ages of 1769 ± 3 Ma and 1756 ± 3 Ma 
(Corfu et al. 2003). Granite pegmatite dykes, probably 
genetically related to the intrusive activity, formed syn-
kinematically with strike-slip shear zones in the meta-
supracrustal belts (1768 ± 4 Ma) and gneisses at 1774 ± 

5 Ma (Corfu et al. 2003). Whole-rock Rb-Sr ages for the 
Ersfjord Granite and some moderately deformed gran-
itoids on Senja conform broadly to the U-Pb ages, but 
some have been slightly rejuvenated (Andresen 1979; 
Romer et al. 1992; Lindstrøm 1988; Krill & Fareth 1984).

The Ersfjord Granite (Andresen 1979) is mostly homog-
enous and coarse-grained with a well-preserved igneous 
fabric. The intrusive contacts to adjacent gneisses are 
mostly steep and reworked by mylonitic shear zones (Fig. 
1). Inside the pluton, ductile shear zones may be up to 
tens of meters thick and typically have a gentle dip both 
to the SSE and NNW (Fig. 17a). They merge into steeper 
orientations and increased frequency when approach-
ing the contacts of the pluton. The shear zone fabric is 
accompanied by magmatic (high-T) migmatite bands 
modified by sigmoidal textures (Fig. 17b) and asym-
metric folds yielding consistent top-to-the-NW sense of 
shear (Fig. 17c). The passage into steep shear zones with 
vertical folds and oblique stretching lineations suggests 
additional strike-slip displacement. The age and sig-
nificance of these shear zones are not yet resolved, but 
they clearly formed after intrusion of the main granite 
body. Emplacement of the granite may, however, have 
occurred in pulses synchronously with the main con-
traction and amphibolite facies metamorphism in the 
metasupracrustal belts. The waning stages of intrusion 
are represented by the extensive granite pegmatite dykes 
in the adjacent gneisses and metasupracrustal belts (Figs. 
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Fig. 17: (a) Panorama view of 
the Ersfjord Granite that makes 
up the chain of mountains nor-
theast of Ersfjorden (Fig. 1). 
Note the weak, gently dipping 
synformal planar fabric repre-
senting narrow ductile shear 
zones (thrusts). View is towards 
north. (b) Moderately NW-dip-
ping, meter-thick ductile shear 
zone in the Ersfjord Granite 
composed of migmatitic shear 
bands and sigmoidal mafic len-
ses. The shear zone is exposed in 
the slope to the right in Fig. 17a. 
View is toward north. (c) Gently 
NW-dipping, ductile shear zone 
in the Ersfjord Granite (to the 
south of Ersfjorden) made up of 
a foliation that is asymmetri-
cally folded. View is toward west. 
(d) Ersfjord Granite pegmatite 
veins cutting dioritic gneisses 
near the western boundary of 
the granite. (e) Magmatic lay-
ering in a coarse-grained variety 
of the Hamn Norite in Senja (see 
Fig. 1 for location).   
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assuming, for example, crustal growth involving mix-
ing of differentiated crustal fragments. An explanation 
for the local granulite-facies metamorphism is tectonic 
accretion and crustal thickening caused by plate conver-
gence (Fig. 18A). Accretion may then explain the com-
mon intercalations of mafic/ ultramafic and sedimentary 
units, e.g. the lower unit of the Ringvassøya greenstone 
belt, as amalgamated ocean floor and/or continental 
basalts (cf. Park & Tarney 1987). Since partial melting of 
a mafic source under hydrous high-pressure conditions 
is common in active subduction zones (e.g. Tarney & 
Weaver 1987), tectonic accretion and magmatic under-
plating of the gneisses are feasible processes. 

A model of W-E crustal thickening by convergence and 
underplating (Fig. 18A) is consistent with the widespread, 
syn-transposed metamorphic and ductile gneissic fabric 
and stretching lineation in the tonalitic gneisses of the 
WTBC. This further supports  E-W directed shortening 
in a tectonically thickened portion of the crust. The relict 
high-grade metamorphism within localized high-strain 
migmatized zones, as in the Kvalsund gneiss (Zwaan 
1989), could then be explained as deep-seated portions of 
crustal-scale shear zones (sutures). In such a scenario, the 
granulite facies assemblages could either be transported 
from a different crustal block/terrain and then juxtaposed 
with the Då fjord gneiss, or be a result of in situ variable 
fluid content in an intracrustal shear zone. One problem 
in the WTBC is that the Neoarchaean (and older) shear 
zones may be masked by the superimposed amphibolite 
facies resetting and Svecofennian tectonism. The slightly 
younger U-Pb ages and compositional variation of the 
heterogeneous gneisses on Senja and Kvaløya (< 2.6 Ga) 
relative to the gneiss-cover suite on Ringvassøya (< 2.9 
Ga), could indicate the presence of different Neoarchaean 
terrains and crustal-scale shear zones (cf. Friend & Kinny 
2001; Park 2005; Kinny et al. 2005). The problem of Neo-
archaean versus, for example,  Svecofennian terrain amal-
gamation in the WTBC, however, must await further 
compositional and metamorphic characterization of the 
various Neoarchaean gneisses (work in progress). 

Evolution of Palaeoproterozoic dyke swarms and 
supracrustal belts

A valid time-indicator for the deposition and tectonic 
setting of the metasupracrustal units is the extensive 
2.4 Ga Ringvassøya mafic dyke swarm and 2.2 Ga dio-
rite sill on Vanna (Kullerud et al. 2006b; Bergh et al. 
2007). These remarkable dyke swarms were coeval with 
a postulated global magmatic and crustal rifting event 
that operated when an assumed Neoarchaean continent 
broke up into smaller blocks (e.g. Chapman 1979; Park 
1991; Buchan et al. 1998; Mertanen et al. 1999; Strachan 
& Holdsworth 2000; Corfu & Easton 2001) and was cov-
ered by intracratonic rift-basin deposits and/or platform 
sediments (e.g. Lahtinen et al 2008). The transitional 
MORB to continental tholeiitic composition of the mafic 
dykes in Ringvassøya and typical REE-enriched patterns 

8b and 17d). The gneisses in northeastern Kvaløya are 
locally highly veined and metasomatized by these late-
pulse intrusive granite pegmatites (cf. dyke dated at 1774 
Ma). Notably, along the granite-gneiss contact pegmatite 
dykes were intruded along NW-SE striking, steep, sinis-
tral strike-slip shear zones and continued to be sheared 
into parallelism with the latter, confirming a Svecofen-
nian emplacement age. A still younger age of 1.57 Ga was 
obtained for pegmatites that cross-cut similar strike-slip 
shear zones in the Astridal belt (Corfu et al. 2006). 

The Hamn Norite is massive with well-preserved mag-
matic layering (Fig. 17e). This intrusion is less affected 
by the later deformation, but has a macro-scale arc-shape 
which is produced by a steep-plunging, sinistral fold 
hinge adjacent to the Svanfjellet shear zone, inferring 
emplacement prior to the vertical folding and strike-slip 
shearing that characterized the later stages of Svecofen-
nian deformation. Small xenoliths of foliated granodio-
rite and a number of basaltic dykes of variable thickness 
and orientation are common in the norite. An apparent 
early set of dykes exhibits diffuse contacts to the host 
pluton indicating intrusion when the norite was still 
“warm” but below the solidus, while a later set of dykes 
has chilled margins and cuts the other dykes, strongly 
suggesting intrusion after consolidation and cooling of 
the Hamn Norite (Armitage 2004). A nearby mafic dol-
erite dyke swarm in western and southern Senja may be 
genetically related to the Hamn Norite (Zwaan 1995).  

Discussion
Despite its proximity to the Caledonian nappes, the 
WTBC has preserved a wealth of Archaean to Palaeo-
proterozoic (2.89-1.57 Ga) fabric elements. The absolute 
timing of events is now constrained to some degree by 
U-Pb zircon ages (Corfu et al. 2003, 2006; Kullerud et al. 
2006a, b; Bergh et al. 2007; Myhre & Corfu 2008) of base-
ment gneisses (2.89-2.56 Ga), individual mafic dykes and 
sills (2.67-2.22 Ga), granitoid and gabbroic plutons (1.80-
1.75 Ga) and critical syn- and post-tectonic granite peg-
matite dykes in the Svecofennian high-strain metasupra-
crustal belts (1.8-1.57 Ga). In the following, we propose 
a tectonic framework for the features presented in order 
to discuss the evolution and mechanisms of growth and 
stabilization of this composite, mid-crustal segment (see 
Table 1, Figs. 18 and 19). 

 Neoarchaean evolution 

U-Pb geochronological data (Corfu et al. 2003, 2006; Kul-
lerud et al. 2006a, Myhre & Corfu 2008) clearly indicate 
a Neoarchaean crystallization age and reset ages (2.89-
2.56 Ga) for the tonalites and tonalitic gneisses in the 
WTBC. The heterogeneous composition of the gneisses 
and nature of the fabric, which, at least locally, involved 
high-grade (granulite facies) metamorphism and mig-
matization, is not yet resolved, but may be explained by, 
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(1.98 Ga) in the Mjelde-Skorelvvatn belt (Myhre et al. 
2009). This suggests that basaltic and sedimentary rocks 
here were formed by rifting in the early stages of the Sve-
cofennian event (cf. Park et al. 2001). The other supra-
crustal sequences on Senja may be correlatives of the 1.98 
Ga suite or may represent cover strata deposited on the 
thinned Neoarchaean tonalitic gneiss substratum in the 
2.4-2.2 Ga time interval. The local occurrence of possible 
banded iron formations and sulphide-rich quartz-schist 
horizons supports an oceanic floor origin, in a rift or con-
tinental margin-like tectonic setting. 

Evolution of Svecofennian deformation fabrics and igne-
ous features

The intrusion of felsic and mafic plutons at 1.80 and 1.79 
Ga marked the onset of a particularly active magmatic 
event in the WTBC. This falls in a period characterized 

(Kullerud et al. 2006b) suggest  formation during exten-
sion and a high rate of lower-crustal thinning (Fig. 18B) 
allowing rapid emplacement of primitive tholeiitic dykes 
(cf. Park & Tarney 1987). This continental split-up was 
accompanied by upper-crustal rifting and terrestrial and 
marine basin formation, as evidenced in a number of 
supracrustal units (Fig. 17b). 

The time span of deposition of the supracrustal belts in the 
WTBC is still uncertain. A Neoarchaean age is obtained 
for felsic volcanism in the lower part of the Ringvassøya 
greenstone belt. The upper meta-sedimentary unit of this 
belt may, however, be younger judging by similarities to 
the Skipsfjord nappe and Vanna group rocks, for example 
(Fig. 18A-B). The deposition of the clastic Vanna group is 
better constrained to the 2.4-2.2 Ga period (Bergh et al. 
2007). Much younger ages are inferred for meta-psam-
mites of the Torsnes belt (c. 1.97 Ga) and volcanic rocks 

Fig. 18: SW-NE oriented cartoon sections illustrating the Neoarchaean to Palaeoproterozoic tectonic evolution of the 
West Troms Basement Complex: (A) Tentative Neoarchaean (2.9-2.6 Ga) tonalitic gneiss generating event which may 
have involved crustal accretion and thickening due to underplating. Note position of possible precursory volcanic basin 
deposits as early units of the Ringvassøya greenstone belt. (B) Early Palaeoproterozoic (2.4-2.2 Ga) crustal extension, 
basin formation and mafic dyke swarm injection, followed by (C) Svecofennian (1.8-1.75 Ga) continental contraction 
and probable magmatic arc accretion in the southwest (including the Lofoten igneous province). (D) Section illustra-
ting the compiled result of Svecofennian crustal contraction, accretion and continent-continent collision with increasing 
transpressive deformation through time. Abbreviations used are those shown in Fig. 1.  
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Fig. 19: Schematic (not to scale) geometric/kinematic model for the development of Svecofennian structures observed in 
the WTBC within a framework of NE-SW directed orthogonal shortening and an increasing transpressive component 
with time (cf. Tavarnelli et al. 2004). The spatial domains (with actual location names from Fig. 1) and their kinematic 
characters are also illustrated. (A) Early-stage formation of NE-directed thrusts and a low-angle main mylonitic folia-
tion in the metasupracrustal belts. (B) Continued orthogonal NE-SW contraction produced upright macro-folds with 
steep limbs. Note that the main foliation and early thrusts were folded. (C) Late-stage Svecofennian tectonism involved 
NE-SW orthogonal and/or oblique to orogen-parallel contraction (NW-SE) and mostly sinistral strike-slip reactivation 
of steep macro-fold limbs, e.g. in the Senja Shear Belt. The eastern, more flat-lying macro-fold hinges (e.g. Ringvassøya 
greenstone belt) accommodated NW-SE shortening and SE-directed thrusting.    
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The framework for this scenario may have been estab-
lished during the Early Palaeo-proterozoic split-up of 
the Neoarchaean craton with volcanism and deposi-
tion of sediments in intra-block rift basins (Fig. 18B-C). 
This heterogeneous craton was then subjected to NE-SW 
accretion (Fig. 18C) and tentatively, continent-conti-
nent collision (Fig. 18D). The coaxial nature of the early 
thrusting and superimposed regional folding (Fig. 19A-
B) support a progressive orogen-normal crustal accre-
tion/collision.

The third major event involved dominantly sinistral, 
minor dextral, strike-slip shearing at lower metamorphic 
grades (low amphibolite/greenschist-facies), and was 
confined to the NW-SE trending boundaries of metasu-
pracrustal belts. The corresponding steep attitude of the 
Neoarchaean gneiss foliation and Svecofennian shear 
zones along the regional upright fold limbs and narrow 
metasupracrustal belts in the southwest became the con-
trolling factor for localized, superimposed orogen-par-
allel shearing (Fig. 19B-C). By contrast, the broad fold 
hinge domains in the northeast (Ringvassøya and Vanna) 
remained gently dipping and therefore less deformed. 
The strike-slip shear zones in the Senja Shear Belt were 
accomplished by lateral duplexing and subvertical, sinis-
tral folding (Fig. 19C, left). The reason for the tighter fold 
shape and steeper plunge of the folds here than in the 
northeast, may be enhanced strike-slip reworking and 
attenuation of the earlier upright fold shape parallel to 
the belt boundaries. During the strike-slip shearing mafic 
dykes in the surrounding gneisses were aligned into par-
allelism with, for example, the Svanfjellet belt (Armitage 
2004), and also affected the margins of the Ersfjord Gran-
ite. The overall result was to produce the lens-shaped 
shear zone network of low-strain lozenge-shaped blocks 
embedded in anastomosing steep strike-slip shear zones 
in the WTBC (Fig. 6). This late-stage strike-slip event is 
tentatively interpreted to mark a change in the conver-
gence direction that caused orogen-parallel reactivation, 
i.e. an increasing transpressive component, along the 
Palaeoproterozoic crustal margin (cf. Kärki et al. 1993; 
Armitage & Bergh 2005), a feature common in oblique-
convergent, transpressive plate settings (e.g. Vauchez & 
Nicolas 1991; Bergh & Karlstrom 1992; Cowan et al. 1997; 
Bergh 2002; Garde et al. 2002; Holdsworth et al. 2002; 
McCaffrey et al. 2004). Late-stage oblique convergence 
(Fig. 18D) may also explain the continued rise of granit-
oid diapirs and pegmatite dykes (cf. Kärki et al. 1993). 

The latest Svecofennian event is interpreted as NW-SE 
crustal contraction with SE-directed basement-involved 
folding and thrusting (in the Vanna group), and pos-
sibly thrusting of the Skipsfjord nappe and emplace-
ment of the Dåfjord gneiss on top of the greenstone belt 
in northern Ringvassøya (Fig. 18D: right). This event 
may have produced steep, semi-ductile shear zones in 
the thrust front on Ringvassøya and Vanna by a pro-
cess of tectonic wedging (Fig. 16C; Bergh & Armitage 
1998). It could also be responsible for low-angle ductile 

by contractional tectonism and regional amphibolite to 
granulite facies metamorphism (Fig. 18C-D), known in 
Fennoscandia as the Svecofennian (1.9-1.7 Ga) orogeny 
(Gaal & Gorbatchev 1987; Kärki et al. 1993; Nironen 
1997). Although there are only a few radiometric ages 
for Svecofennian high-strain deformation in the WTBC, 
some critical data have appeared, e.g. metamorphic over-
prints of Ersfjord Granite pegmatite dykes at c. 1.77-1.76 
Ga (Corfu et al. 2003), a 1768 ± 4 Ma age for a pegmatite 
dyke formed syn-kinematically with late-stage strike-
slip shear zones (Corfu et al. 2003), and a metamorphic 
age of 1777 ± 12 Ma from a Svecofennian shear zone on 
Sandøya (Gjerløw 2008).

The structural and metamorphic characteristics of the 
various metasupracrustal belts and associated shear 
zones in the WTBC presented above (Table 1) can be 
used to unravel the Svecofennian tectonism (Figs. 18 and 
19). The most important Svecofennian structures are: 
(i) NW-SE striking, gently to moderately SW-dipping 
thrusts and mylonitic fabrics in the metasupracrustal 
belts that obliquely truncate the c. N-S trending and vari-
ably dipping Neoarchaean gneiss foliation, (ii) regional-
scale NW-SE trending upright, tight to open antiformal-
synformal folds in the metasupracrustal belts, (iii) steep 
NW-SE striking ductile shear zones that formed due to 
vertical folding and dominantly sinistral, with minor 
dextral strike-slip motions and (iv) SE-directed low-
angle thrusts and steep, semi-ductile shear zones, i.e. in 
Ringvassøya and Vanna. The most reasonable interpreta-
tion is that these structures formed by multiple Svecofen-
nian tectonic events and/or in a succession of events. 

The earliest event was characterized by intrafolial fold-
ing and shearing on a variety of scales, producing a gently 
SW-dipping penetrative, locally mylonitic fabric, under 
amphibolite to granulite facies conditions. It is suggested 
that these early-stage Svecofennian fabrics were caused 
by NE-SW orthogonal contraction and dominantly NE-
directed thrusting (Figs. 18C and 19A) at mid-crustal 
level (>15 km). Following this event, macroscopic NW-SE 
trending upright folds tilted and refolded the foliation 
in the basement and metasupracrustal belts in a similar 
strain field (Fig. 19B) and at amphibolite-facies metamor-
phic conditions. In a plate context, these two early events 
may have been accommodated by convergent tectonism 
(Fig. 18C-D) with accretion/amalgamation of arc-related 
systems onto an older, stable continental crust to the 
northeast (cf. Kärki et al. 1993; Motuza et al. 2001a, b). 
The entire Senja Shear Belt and the Mjelde-Skorelvvatn 
belt are thought to delimit such a broad province-bound-
ing shear zone system (Zwaan & Bergh, 1994; Zwaan 
1995; Pedersen 1997; Armitage 2004) or a mid-crustal 
detachment (cf. Coward & Park 1987). Associated arc-
related magmatism is inferred for the nearby 1.8 Ga mafic 
and granitoid plutonic rocks, most likely emplaced dur-
ing or at a late stage of these contractional events. Syn-
tectonic magmatism, however, may have prevailed later as 
shown by granitoid pegmatite dykes. 
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Conclusions
1) The West Troms Basement Complex is characterized 
by Neoarchaean TTG-gneisses with a range of protoliths, 
Neoarchaean to Palaeoproterozoic supracrustal units, 
Neoarchaean to Palaeoproterozoic mafic dyke swarms, 
Svecofennian bimodal plutonic intrusions and variably 
metamorphosed high-strain Svecofennian deformation 
belts. The evolution of this composite crustal segment 
started with Neoarchaean crustal contraction, thicken-
ing and/or underplating reaching local granulite facies 
crustal metamorphic conditions (cf. Lopian event), fol-
lowed by Palaeoproterozoic rifting, dyke injection and 
deposition of volcano-sedimentary units (2.40-2.22 
Ga <1.97 Ga). The Svecofennian event (1.80-1.75 Ga) 
involved orthogonal crustal shortening at mid-crust 
metamorphic conditions and subsequent orogen-paral-
lel strike-slip shearing at higher crustal levels. The latest 
Svecofennian events included crustal denudation and 
retrogressive (greenschist facies) resetting (c. 1.74-1.57 
Ga) of the entire region. The WTBC suffered only local, 
weak Caledonian reworking.

2) The Svecofennian tectono-magmatic evolution (1.80-
1.75 Ga) was characterized by prolonged arc-related 
contraction across block-bounding metasupracrustal 
belts. Early-stage NE-SW orthogonal crustal shorten-
ing produced NE-directed thrusts and a gently SW-
dipping foliation (detachment) in the metasupracrustal 
belts (e.g. Senja Shear Belt) at prograde medium- to 
high-grade metamorphic conditions. Subsequent, mac-
roscopic NE-SW directed tight upright folding of the 
main foliation created narrow, steep fold limbs and duc-
tile thrusts that became reactivated by orogen-parallel 
(NW-SE) strike-slip shearing and subvertical folding 
(e.g. Senja Shear Belt) during a late stage of differential 
uplift and retrogressive crustal conditions. The more 
flat-lying macro-fold hinge domains of the WTBC (e.g. 
on Ringvassøya and Vanna) accommodated NW-SE 
directed shortening and SE-directed thrusting. A model 
of continued NE-SW orthogonal crustal shortening 
with an increasing transpressive component with time, 
alternatively oblique-convergence, is proposed. The 
decrease in metamorphic grade in the metasupracrustal 
belts from southwest to northeast may be explained by 
northeastward accretion of supracrustal units and pre-
sumed Neoarchaean basement blocks that were closer 
to the orogenic front in the southwest relative to the less 
deformed and metamorphosed foreland in the northeast. 
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thrusts in the Ersfjord  Granite, regional-scale bend-
ing of the Ringvassøya greenstone belt (Figs. 13, 16c 
and 19C) (Thomassen 1999) and reactivation of steep, 
semi-ductile strike-slip faults at a higher crustal level 
with retrogressive greenschist facies reworking. Thus, 
the final event is interpreted either as an episode of con-
tinued oblique-contraction, or contraction in a totally 
new (NW-SE directed) strain field. The absolute timing 
of the fold-thrust structures on Vanna is still a matter of 
concern, and could be Late-Svecofennian as proposed 
in this work or alternatively, Caledonian (cf. Bergh et al. 
2007). It should be noted, however, that the dominant 
structures in the nearby Caledonian nappes are low-
angle thrusts that dip to the WNW, while steep strike-
slip shear zones similar to those found in Ringvassøya 
and Vanna, are notably absent in the Caledonides. The 
close kinematic relationship between the SE-directed 
thrusts and the steep strike-slip shear zones (Fig. 19C) 
would rather favour a spatially separated linkage with 
the Late-Svecofennian event (Fig. 18D). This late-stage 
event may, alternatively, represent partitioned defor-
mation (cf. Dewey et al. 1998) in which the contrac-
tional and strike-slip displacements, e.g. recognized in 
the Ringvassøya greenstone belt and the Vanna Group 
(Fig. 18D) reflect increments of a short-term transpres-
sive event (c. 1.7 Ga). Such a model is supported by the 
southeastward direction of thrusting, which is largely 
parallel with the strike-slip shear sense of the deforma-
tion belts (Fig. 19C), and  is a necessary requisite for par-
titioned transpression (cf. Teyssier & Tikoff 1998; Garde 
et al. 2002; Holdsworth et al. 2002; Tavarnelli et al. 2004; 
Armitage & Bergh 2005). 

In a plate tectonic context, a more detailed understanding 
of the Neoarchaean record is required for a meaningful 
discussion of terrain amalgamation during the Svecofen-
nian. The Neoarchaean of the WTBC spans the period 
from 2.89 to 2.56 Ga, and different ages for plutonism and 
migmatization are represented. An argument for a large 
Palaeoproterozoic WTBC terrain would be that all the 
metasupracrustal belts were correlative and underwent 
similar Svecofennian deformation. On the other hand, the 
slightly younger U-Pb ages and compositional variation in 
the southwest (2.80-2.69 Ga) compared to further north-
east (2.89-2.70 Ga), could favor northeastward accre-
tion of separate basement blocks or terrains during the 
Svecofennian (Fig. 18C). This is partly supported by the 
contrast in metamorphic grades in the metasupracrustal 
belts from southwest to northeast, inferring that the south-
western portion was closer to the orogenic front (Svan-
fjellet belt and Mjelde-Skorelvvatn belt). In this scenario 
the hinterland may have included the arc-derived, partly 
granulite facies metamorphic assemblages of the Lofoten 
igneous province (1.87-1.76 Ga; Griffin et al. 1978; Corfu 
2004, 2007). On the other hand, the changes in contem-
poraneous metamorphism and/or deformation intensity 
observed in the WTBC may reflect different exhumation 
levels of crustal sections (Fig. 18D), e.g. as discussed by 
Park (2005) from the Lewisian. 
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