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The Archaean to Palaeoproterozoic West Troms Basement Complex comprises various tonalitic gneisses, felsic and mafic intrusive rocks and intervening narrow NW-SE-trending belts with partly mylonitised, low- to medium-grade, metavolcanic and metasedimentary rocks. The low-grade,
parautochthonous Vanna group unconformably overlies 2885 ± 20 Ma tonalitic basement on the island of Vanna. It is composed of siliciclastic sedimentary rocks and intercalated mudstones with well-preserved shallow-water sedimentary structures and internal erosional surfaces. A major diorite body intruded soon after consolidation of the sediments. The stack of sedimentary rocks is tilted and complexly folded and deformed by crustal
transpression. Previous workers considered the rocks to be either part of the Neoproterozoic to Cambrian autochthonous cover or a part of the
Middle Allochthon, and deformed during the Caledonian orogeny. New U-Pb ages for magmatic zircon and titanite of the diorite sill, however, yield
a crystallization age of 2221 ± 3 Ma. Mafic dykes of the underlying tonalitic basement that do not truncate the basement-cover contact have been
dated to 2403 ± 3 Ma, which is a maximum age for the sediments. Laser ICP-MS U-Pb analyses of detrital zircons from the Vanna group indicate
that the nearby 2885 ± 20 Ma tonalitic basement was the principal source for the sediments. The new U-Pb age determinations from Vanna indicate
that the diorite and its associated sedimentary rocks may be coeval with other Palaeoproterozoic siliciclastic successions in northern Fennoscandia.
Directly correlatable mafic dyke swarms include 2220 Ma sills throughout northern Finland, the Nipissing diabase (2219 ± 4 to 2210 ± 4 Ma) of
the Canadian Shield, and the Scourie dykes (c. 2.4-2.0 Ga) of the Lewisian Complex in Scotland. These intrusive swarms and associated sedimentary
units were all formed in the waning stages of continental rifting and sedimentation following the break-up of an Archaean supercontinent. The Svecofennian (c. 1.8-1.7 Ga) orogenic events and regional metamorphism were likely the cause of the transpressive deformation of the Vanna group.
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Introduction
The West Troms Basement Complex in Troms, northern
Norway (Fig. 1), is a collage of Archaean to Palaeoproterozoic crustal blocks made up of a wide range of plutonic and metamorphic rocks and intervening NW-SEtrending narrow belts of metasupracrustal rocks (Zwaan
1995; Zwaan et al. 1998; Corfu et al. 2003a). Recent radiometric age determinations (e.g. Corfu et al. 2003a, 2006;
Kullerud et al. 2006a, b) have revealed a much more complex architecture and a wider range of ages for the assemblage of rocks than previously thought, and there is now
a need for a review of this basement region.
Among the most critical questions that remain unsolved
are the age and causes of the deformation, the variation
in strain and metamorphic grade in the metasupracrustal
cover units, and a general lack of Caledonian reworking.
Another problem is the age, origin and possible correlation of metasupracrustal belts with comparable units
in the Fennoscandian and/or Laurentian shields (e.g.
Bergh et al. 2006). In this respect, the West Troms Base-

ment Complex tends to share many similarities to the
Fennoscandian Shield and its Svecofennian deformation
(c. 1.8-1.7. Ga) (Gaal & Gorbatchev 1987), and it may
therefore be an autochthonous component of the shield
(cf. Griffin et al. 1978; Olesen et al. 1997). However, the
lack of Caledonian reworking could imply that the west
Troms Basement Complex represents an allochthonous
fragment, as proposed for the neighbouring Lofoten –
Vesterålen igneous province in the south by some workers (e.g. Tull 1977, Motuza 1998).
Since it was first recognised by Pettersen (1887), the
low-grade Vanna group on the island of Vanna (Fig. 2;
Binns et al. 1980) has been displayed on all geological
maps as part of the autochthonous Neoproterozoic to
Cambrian succession of the Fennoscandian Shield (e.g.
Roberts 1974; Grogan & Zwaan 1997). As a result, this
well-preserved sedimentary sequence was considered
to have been deformed during the Caledonian orogeny
(Binns et al. 1980; Johansen 1987; Opheim & Andresen
1989), although the question of timing in absolute terms
remained open. This paper aims to present evidence for
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a Palaeoproterozoic depositional age and an Archaean
source for the Vanna group, and to constrain an Archaean
age for the basement on Vanna based on new U-Pb zircon age determinations. Tentative regional correlation
with other Palaeoproterozoic intrusive and sedimentary
suites in northern Fennoscandia and Laurentia will be
addressed and discussed.

Geological setting
The West Troms Basement Complex comprises Archaean
to Palaeoproterozoic rocks on the coastal islands from
Senja in the south to Vanna in the north (Fig. 1). To the
east, this basement suite is separated from the structurally
overlying Caledonian nappes by a combination of thrusts
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and Palaeozoic-Mesozoic normal faults (Andresen &
Forslund 1987; Olesen et al. 1997; Zwaan et al. 1998).
In the northeastern part on Ringvassøya and Vanna, the
complex includes various tonalitic to anorthositic and
migmatitic gabbroic gneisses older than 2.8 Ga (Zwaan
& Tucker 1996; Corfu et al. 2003a, 2006; Kullerud et al.
2006a), overlain by Archaean and Palaeoproterozoic
metasupracrustal rocks, e.g., the Ringvassøya Greenstone
Belt (Zwaan 1989; Motuza et al. 2001a, b; Kullerud et al.
2006a). The central and southwestern domains, occupying the islands of Kvaløya and Senja (Fig. 1), are dominated by felsic and mafic igneous rocks with Rb-Sr and
U-Pb crystallisation ages ranging from c. 1.8 to 1.7 Ga
(Landmark 1973; Andresen 1979; Krill & Fareth 1984;
Lindstrøm 1988; Romer et al. 1992; Dallmeyer 1992;

Fig. 1. Regional geological map of the West Troms Basement Complex showing Archaean and Palaeoproterozoic basement rocks, plutonic suites
and metasupracrustal shear belts (after Kullerud et al. 2006b).
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Fig. 2. Geological and tectonic map of the island of Vanna modified after Roberts (1974), Opheim & Andresen (1989) and Grogan & Zwaan (1997).

Corfu et al. 2003a). This suite of plutonic rocks seems to
have intruded slightly younger basement gneisses than
those in the north (2.7-2.6 Ga; Corfu et al. 2003a; Kullerud et al. 2006a).
A network of intervening, narrow and mostly NW-SEtrending metasupracrustal belts, locally with depositional contacts to the gneisses, encloses the Archaean
basement (Fig. 1), producing lens-shaped megablocks
(Zwaan & Bergh 1994; Zwaan 1995). The most extensive
of these is the Senja Shear Belt (Zwaan 1995), which is
up to 30 km wide and composed of mostly amphibolite-facies, subordinate greenschist facies metaconglom-

erates, metaquartzites, mica schists and mafic to intermediate metavolcanic rocks enclosed by narrow, more
highly-strained mylonitic rocks and smaller tectonic
lenses of the surrounding gneisses. The age of deposition of the supracrustals is not known but is thought to
be Late Archaean to Early Palaeoproterozoic (Motuza et
al. 2001a, b). Other well-documented supracrustal belts
include the Svanfjellet (Zwaan 1995), Astridal (Pedersen
1997), Torsnes (Nyheim et al. 1994), Mjelde-Skorelvvatn
(Armitage 1999; Armitage & Bergh 2005) and Steinskardtind units (Landmark 1973) in the central part, and
units within the Ringvassøya Greenstone Belt (Zwaan
1989) in the northeastern part.
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The island of Vanna in the northeast (Fig. 2) comprises
a basement of quartz-feldspathic tonalitic to anorthositic intrusive and metamorphic rocks (e.g. Opheim &
Andresen 1989; Grogan & Zwaan 1997). Locally, a mafic
dyke swarm dated at 2403 ± 3 Ma (Kullerud et al. 2006b)
and various low-angle and high-angle mylonitic shear
zones that appear to cross-cut the mafic dykes (work in
progress) are found within the tonalites, e.g. at Nordvannvågdalen, Torsvåg and Burøysund (Fig. 2). A supplementary, gently-dipping greenschist-facies unit of
quartzites and meta-arkoses (Kvalkjeften group) overlies mylonitic tonalitic gneisses of the Skipsfjord Nappe
in northern Vanna (Opheim & Andresen 1989). The
Kvalkjeften group (Fig. 2) has been interpreted as part of
an allochthonous thrust sheet and tentatively correlated
with members of the two lowermost Caledonian allochthons (Opheim & Andresen 1989; Andresen & Opheim
1990; Rice 1990). The Skipsfjord Nappe is separated from
the tonalites on northern Vanna by a major, ENE-WSWtrending normal fault, possibly of Mesozoic age (Opheim
& Andresen 1989; Grogan & Zwaan 1997). To the south,
the Skipsfjord Nappe is bounded by a thrust against the
basement gneisses (Fig. 2).

Fig. 4. (a) Steep basal unconformity with Tinnvatn formation sandstones (right) overlying basement tonalitic gneiss (left) at the shore
south of Vikan. (b) Close-up view of conglomerate on basal surface
of the Tinnvatn formation in (a).

Fig. 3. Geological and structural map and cross-section of the coastline
transect between Vikan and Rødbergan. For location of map, see Fig. 2.

In the southeastern part of Vanna, a veneer of low-grade
parautochthonous metasedimentary rocks, the Vanna
group (Figs. 2 and 3) rest unconformably on the tonalitic basement (Binns et al. 1980). The strata, including
the basement-cover contact, dip steeply to the southeast
and the sedimentary package is folded and imbricated
(Fig. 3) and metamorphosed up to biotite grade (Johansen 1987). The generally weak metamorphism and the
remarkable preservation of sedimentary structures led
previous workers to correlate the Vanna group with the
autochthonous Neoproterozoic to Cambrian successions
of the Scandinavian Caledonides (e.g. Landmark 1973;
Binns et al. 1980; Johansen 1987; Opheim & Andresen
1989; Grogan & Zwaan 1997). The Vanna group is at
least 180 m thick and was subdivided into two informal
formations by Binns et al. (1980): the lower Tinnvatn
formation, composed of deltaic arkosic sandstones and
siltstones, and the upper Bukkheia formation, with shallow-marine mudstones alternating with quartz- and
carbonate-rich sandstones and siltstones. Notably, the
upper Bukkheia formation mudstones are intruded by
a diorite sill with a well-preserved intrusive contact to
the metasedimentary rocks. This intrusive body is not
observed to cross-cut the sedimentary bedding or the
basement-cover contact (Binns et al. 1980; Johansen
1987).
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Fig. 5. Photos of primary sedimentary structures in the Vanna group metasedimentary rocks: (a) Well-bedded sandstone and mudstone intervals
of the Bukkheia formation at Rødbergan. (b) Channel-and-scour planar to tabular cross-stratifications in steeply E-dipping subarkosic sandstones
of the Tinnvatn formation near Vikan. Width of photograph is c. 20 m. (c) Erratic boulder of cross-bedded sandstone of the Tinnvatn formation at
Vikan. (d) Wavy ripple marks in sandstones of the Bukkheia formation at Rødbergan.

The Vanna group
A complete section through the Vanna group sedimentary rocks is nowhere recognisable due to complex folding, tilting with locally inverted beds and contacts, intensive cleavage development, and a number of bed repetitions, notably within the mudstones. The most well preserved sequence is found along coastal exposures south
of Vikan (Figs. 2 and 3), where a steep, NE-SW-striking
contact exists between the tonalitic gneisses and quartzto subarkosic sandstones of the Tinnvatn formation (Fig.
4a; Binns et al. 1980). The presence of a basal conglomerate, up to 20 cm thick, at several places along strike verifies this contact as depositional (Fig. 4b). Sedimentary
structures include rhythmic interbeds of sandstones and
mudstones (Fig. 5a), prominent large-scale channel- and
-scour planar to tabular cross-stratifications in coarse
sandstones (Fig. 5b,c), wavy ripple marks (Fig. 5d), flute
marks, slump structures, load casts, convolute laminations and desiccation cracks in the mudstones and local,
irregular wedges of intraformational conglomerates. The
structures are all indicative of a shallow-water, tidal to
shelf environment, caused by sea level fluctuations and/

or intervening periods of subaerial erosion (cf. Binns et
al. 1980). Typically, a number of channel-scoured erosion
surfaces suggest periods of subaerial exposure during
deposition of the sediments. The common occurrence
of a variable content of calcite cement in the arkosic
sandstones and a large volume of dispersed carbonate in
mudstones and siltstones are all indications of a shallowwater origin.
At localities in the western parts of Vanna, at Langneset
and Kvalvågklubben-Hamre (Fig. 2), the stratigraphy
is similar to that at Vikan, but the metamorphic grade
appears to be higher (upper greenschist-facies) and the
rocks are more strongly sheared. In all localities, the contact between quartzitic sandstones and intercalated mudstones, which may correspond to the Tinnvatn and Bukkheia formations, seems to be a tectonic discontinuity. At
Kvalvågklubben and Hamre, the metasedimentary successions are c. N-S-striking in contrast to NE-SW elsewhere on the island. Despite these differences, the dominant fold pattern and cleavages have similar orientations
in the eastern and western outcrops.
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A distinct and spatially irregular conglomerate with
angular clasts of quartzite occurs near Kvalshausen (Fig.
2) along the contact to the diorite (Fig. 6). This conglomerate was first described by Binns et al. (1980) and
considered as a possible injection or intrusion breccia
near the diorite contact. Our data show that the breccia
may be coarse-grained sediments deposited on top of an
irregular erosional surface of the diorite, with sediments
filling cracks in the underlying diorite (Fig. 6b). A similar
unconformity is recognised within a quartzite horizon at
Kvalshausen, but there its relationship to the Tinnvatn
and Bukkheia formations is uncertain. One possible
interpretation is that these conglomerates represent the
uppermost stratigraphic levels of the Bukkheia formation and were deposited after intrusion of the diorite (see
discussion).
The diorite

Fig. 6. (a) Conglomerate with angular clasts of quartzite at Kvalshausen (b) Quartz conglomerate present near the top on an irregular erosion surface in the diorite. Note that clasts fill cracks in the
underlying diorite. Locality: Kvalshausen.

The diorite makes up a disrupted sill-like sheet, locally
up to 2 km thick, which appears to be confined to the
Bukkheia mudstones and sandstones (Figs. 2 and 3). The
body is nowhere seen to cross-cut any primary lithological contacts, nor the basement-cover contact, and
appears to be deformed in a similar manner as to the
Vanna group. A number of relict contact relationships
between the diorite and the metasedimentary rocks can
be studied at Rødbergan and Skippervika (Fig. 3). The
contact varies from sharp igneous to gradational and
locally tectonic, the latter expressed by dm-thick schistose or mylonitic diorite (Fig. 7a). Notably at Rødbergan,
sandstone-siltstones of the Bukkheia formation delimit a
c. 2 m wide contact zone of fragmental sandstone breccias enclosed in a matrix of secondary brown-weathering
Fig. 7. (a) Mylonitic sheared
contact between quartzite
and diorite at Rødbergan.
Note deflection of cleavage
into shear zone and lineation on overhanging face
of diorite. Kinematic indicators show sinistral oblique movement. View is to
the NNW. b) Contact zone
of quartzite and diorite at
Røbergan, showing sandstone fragments enclosed in a
matrix of secondary brownweathering carbonate and
white quartz. (c) Surface of
cut specimen from Fakken
area showing sharp intrusive contact between diorite
and a finer-grained mafic
dyke. Width of photograph
is c. 10 cm. (d) Diorite with
domains of dark grey biotite-rich and green spheroid
epidote-rich mineral aggregates east of Rødbergan.
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Fig. 8. (a) TiO2 versus ZrP2O5 (a) and Y/Nb (b) plots for the diorite (Johansen 1987). (c) Na2O versus CaO plot indicating albitisation/spilitisation of the diorite (Johansen 1987).

carbonate and patches of white quartz (Fig. 7b). This
breccia may have formed when fluids under high pressure in the porous sedimentary country rock were boiled
by the diorite, causing explosive brecciation (cf. Binns et
al. 1980). The diorite itself is composed of several intrusions, varying in composition and grain size, and with
sharp intrusive contacts between the different intrusions
(Fig. 7c). In many places, however, these primary contacts between intrusions have been altered or destroyed
by later deformation.
The different intrusions that constitute the diorite vary
from mafic (SiO2 ≈ 49.5 wt %) to intermediate (SiO2 ≈
59.5 wt %) in composition (Johansen 1987). The intermediate varieties are generally light and medium-grained,
while the mafic varieties are dark and fine-grained.
However, both varieties show similar primary igneous
mineral assemblages defined by plagioclase (An30) and
actinolitic amphibole (Binns et al. 1980; Johansen 1987).
Furthermore they show high contents of primary magnetite (5-10 modal %), and euhedral grains of titanite (12 mm long) are abundant in the medium-grained variety. Whole-rock compositional analyses performed by
Johansen (1987) show that the diorite has a continental
tholeiitic character as shown in the TiO2 vs. Zr/P2O5 and
Y/Nb diagrams (Figs. 8a, b).
The degree of metamorphic alteration of the igneous
mineral assemblage of the diorite and its injection dykes
varies considerably. In the least altered domains of the
rock, plagioclase is partly saussuritised, while dark green
hornblende is replaced by actinolite along the rim. In the
most extensively altered varieties, the igneous assemblage
has been fully replaced by a fine-grained aggregate of
epidote, actinolite, biotite, plagioclase, magnetite, chlorite and sericite. In some domains both dark grey and
green spheroidal mineral aggregates (1-3 cm in diameter) occur in the lighter grey diorite (Fig. 7d). The dark
grey aggregates consist of biotite (> 50 modal %), actinolite, plagioclase, epidote and magnetite, while the green
aggregates consist of epidote (> 60 modal %), actinolite

and magnetite. The high modal content of epidote in
parts of the altered diorite suggests that these domains
were enriched in Ca during epidotisation. The wholerock compositional data from Johansen (1987) suggest
that parts of the diorite have undergone some degree of
spilitisation (Fig. 8c).

Deformation of the Vanna group and diorite
The Vanna group and its enclosed diorite sill have been
complexly deformed. The absolute age of this deformation, however, is uncertain, even though previous workers considered it to be Caledonian (Binns et al. 1980;
Johansen 1987; Opheim & Andresen 1989). In this paper,
only a brief review of the deformation pattern is given as
a basis for correlation with fabrics in adjacent Precambrian and Caledonian rocks, is given.
The geological map and NW-SE trending coastline crosssection from Vikan to Rødbergan (Fig. 3) illustrate the
overall character of the deformation. The entire sedimentary succession, including the diorite and basement-cover
contact, is tilted and folded by macroscale, near-upright,
NE-SW-trending synclinal and anticlinal fold pairs (F1)
with steep limbs and dominantly SE vergence (Figs. 3, 9a
and 10). Mesoscale F1 folds vary from open asymmetric
in the more competent Tinnvatn sandstones to tight and
overturned in the Bukkheia mudstones. An axial-planar
spaced S1 cleavage dipping c. 45º NW is developed in the
sandstones of the Tinnvatn formation (Figs. 9a and 10),
whereas cleavage-related shear zones are developed in the
mudstones. Fold-generated, axial-planar thrusts (S1 shear
fabric) that locally repeat the stratigraphy are common in
the Bukkheia mudstones, along the contact between the
Tinnvatn and Bukkheia formations, and in the underlying gneisses near the contact (Johansen 1987).
A second fabric (D2) consists of steep NE-plunging, F2 similar folds (Fig. 10) that fold the sedimentdiorite contact (Figs. 9a and 10) and are superimposed
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Fig. 9. (a) Open, upright to asymmetric F1 folds with associated S1 cleavage and sinistral shear zones (S2-S3) at Skippervika (for location, see
Fig. 3).View is to northeast. (b) Moderate to steep plunging F2 folding of the diorite - sedimentary rock contact at Skippervika. Note steep S2
cleavage developed parallel to the sheared limbs and hinge zone of the folded contact. View is to the SW. (c) Map view of asymmetric F3 fold and
sinistrally offset, steep bed contact (S3) branching from a near bedding-parallel S1- S2 detachment zone.
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Fig. 10. Equal-area, lower hemisphere stereonets of dominant deformation fabrics in the Vanna group sedimentary rocks (F1-F2 folds
and S1-S3 planar fabrics). Contoured plots represent poles to bedding
with statistical best fit girdle and calculated β-axis (crosses) of major
F1 and F2 folds. Great circles reflect attitude of the planar fabrics.

on the upright F1 folds, causing a clockwise deflection
and slight attenuation of the former. The F2 folds developed a distributed S2 axial-planar cleavage with a 40-60º
dip to the NNE, slightly clockwise to S1 (Figs. 9b and 10),
and a more localised high-strain S2 shear fabric. These
fabrics seem to be confined to the hinges of strongly
attenuated F1 folds in the mudstones and along the steep
limbs of F2 folds in competent units (e.g., Fig. 9b). Internally, the shear zones include anastomosing lenses and
asymmetric, S-shaped minor folds and sigmoidal lenses
(Fig. 9c). Many of the S2 shear zones are accompanied by
asymmetric fault-related folds and localized detachment
faults (Fig. 9c). Widely associated en echelon tension veins
and fractures are oriented clockwise and as conjugate
arrays (Fig. 10). These fracture sets (termed S3) display
the character of Riedel shears and appear to be genetically related to the S2 fabrics and detachments based on
mutual cross-cutting relationships. Some of these cleavages contain hydrothermal carbonate and quartz fill that
may have been derived from the host-rock sediments.
The diorite body displays shear zones that are comparable
with those developed in the metasedimentary rocks, and
notably, the contacts have been folded and sheared (Figs.
7a and 9b). On the map scale, curvilinear and anastomosing topographic lineaments suggest that shear zones
divide and juxtapose lenses/blocks of this diorite body
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Fig. 11. Aerial photograph and interpretations of map-scale anastomosing shear zone pattern in the diorite, comprising S1 - S2 and-S3 shear zone fabrics.

(Fig. 11), and a number of steep shear zones have been
recognised in the field. The most prominent ones strike
NE-SW and E-W to NW-SE (Fig. 11), and can be linked
to the same planar fabrics (S1/S2 and S3) as in the sediments (Fig. 10). Internally, they show a ductile mylonitic
character (Fig. 12a), contain subhorizontal stretching
lineations, mostly sinistral shear-sense indicators, and a
number of splay faults with flower-like geometries which
branch from steep to low-angle attitudes. The shear
zones have been variously transformed to phyllonites
composed of actinolite, epidote, chlorite and minor plagioclase and opaques. Other shear zones contain large
volumes of rocks rich in hydrothermal quartz, possibly
metapsammitic xenoliths (Fig. 12b). Conceivably, these

sedimentary xenoliths may have acted as loci for shearing
in the diorite. One metapsammite unit displays an internal cleavage (Fig. 12b) which is not recognised in the
adjacent diorite; it is thought to reflect a diagenetically
inherited fabric.
The fact that the Vanna group and the diorite have been
deformed in a similar manner confirms that the diorite
was emplaced as a sill after deposition and overburden of
the sediments but prior to the deformation. Predictably,
this deformation produced an interplay of contraction
and shear-related structures implying progressive, partitioned crustal transpression as the chief mechanism (e.g.
Holdsworth et al. 2002).
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broken fragments of prisms and tips of zircon. The three
data points are from 3 to 11% discordant and define a
line with an MSWD of 3.2 and an upper intercept age
of 2885 ± 20 Ma (Table 1; Fig. 13). The lower intercept
of about 960 Ma is most likely geologically meaningless
and presumably the integrated result of multiple Pb loss
events during the Svecofennian and Caledonian events.

Fig. 12: (a) Steep mylonitic shear zone fabric in the diorite at Fakken. Note the presence of light-coloured quartz-rich rocks in the
shear zone. (b) Metasedimentary xenolith in sheared diorite with a
weak cleavage at moderate angle (dipping left) to bedding (horizontal). Note that this cleavage is not present in the diorite.

U-Pb geochronology
ID-TIMS analysis
The ID-TIMS study focused on two samples, a foliated
tonalite from Skåningen in southern Vanna, representing the basement, and the diorite sill between Jøvika and
Fakken (Fig. 2). The analyses were carried out at the University of Oslo following the procedure of Krogh (1973),
with modifications and parameters described by Corfu
(2004).
The tonalite consists of highly saussuritised plagioclase
and recrystallised lenticular quartz aggregates with only
minor biotite and epidote. The U-Pb analyses for this
rock were carried out on fractions of euhedral prisms,

The diorite was collected from the central portion of
the sill located in the Vanna group metasedimentary
rocks (Fig. 2). It is a medium-grained rock consisting
of strained and partly saussuritised plagioclase, 3-5 mm
in size, together with actinolitic amphibole, and minor
chlorite, sericite, carbonate, and euhedral titanite, the
latter partly associated with magnetite. The zircon population of the diorite is dominated by highly metamict
crystals. Two small grains isolated by abrasion from partially turbid and metamict fragments provide data points
that are 10 to 15% discordant (Table 1; Fig. 13) whereas
a much larger but still partially turbid crystal yields a c.
33% discordant analysis. Together they define a line to
about 2219 Ma but with a high MSWD of 7.4. Titanite
occurs as large euhedral crystals and two fractions of
brown and brown-yellow fragments yield analyses that
are only 1 to 2% discordant. They plot on the line defined
by the zircon analyses, together defining an upper intercept age of 2221 ± 3 Ma (MSWD = 3.2). This age remains
the same if one slightly deviating zircon analysis is omitted from the regression or if the line is calculated from
the titanite data alone. Because of this consistency shown
by the zircon and titanite data, the age can be taken with
confidence to date the time of emplacement of the sill.
The lower intercept age of 413 ±13 Ma clearly reflects the
Caledonian overprint. The preservation of the Palaeoproterozoic titanite age shows nevertheless that this event
had only a weak effect on the rock. Unlike the zircons in
the tonalite, those in the diorite did not react to the Svecofennian event, suggesting that Pb loss at that time was
probably largely controlled by the intensity of fluid activity and retrogression.
LA-ICP analyses
Detrital zircons from a well-bedded quartzite from the
Tinnvatn formation south of Vikan (Fig. 3) were analysed by LA-ICP-MS. The study was carried out at the
Geological Survey of Norway using a Finnigan MAT Element 1, single collector, high-resolution sector ICP-MS
with a Finnigan MAT 266 nm (Nd:YAG) UV-laser operated at 10 Hz. The energy was varied for each sample to
give optimum counting conditions. Zircon grains larger
than c. 90 × 70 μm were hand-picked from the least magnetic fractions and either embedded in epoxy and polished down to the centre of the grains (series 1, 2 and 3)
or mounted on double-sided tape (series 7). To minimise
elemental fractionation, the ablation was done in a raster
mode over an area of typically 80 × 60 μm. The sample
aerosol was introduced in the ICP-MS instrument as a
mixture of He and Ar gas. The data were acquired in a
time-resolved counting mode for 60 sec.
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The measured isotope ratios were corrected for elementand mass-bias effects using the Geostandard 91500 reference zircon (Wiedenbeck et al. 1995). Further details of
the procedure are given in Bingen et al. (2005). Common
lead correction used compositions calculated with the
Stacey & Kramers (1975) Pb evolution model. Diagrams
and age calculations were generated with the ISOPLOT
program (Ludwig 2001).
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Fig. 14. Concordia plot with U-Pb data by LA-ICPMS for detrital
14 Tinnvatn formation quartzite. The error ellipses correzirconsFig.
of the
spond to 2σ. The histogram shows the distribution of the model and
upper intercept ages listed in Table 2; the data are plotted using a bin
width of 40 Ma.

titanite

2000

0.36

207

2200
2100

2700

14

The majority of the grains from the sandstone are
rounded to sub-rounded, varying from equidimensional
and spherical, via ovoid to elongate, reflecting various
degrees of abrasion during erosion and transport. Many

Fig. 13. Concordia diagrams with U-Pb data by TIMS for zircon
(and titanite) in basement tonalite (above) and diorite sill (below)
in the Vanna sedimentary assemblage. The error ellipses correspond
to 2σ.

Fig. 13

Table 1: ID-TIMS U-Pb data for the basement tonalite and the diorite sill in the Vanna Group
Mineral,
featuresa

Weight

U

Th/Uc

Pbc

206

Pb/
Pbf

204

207

Pb/
Ug

2s

235

[mg]b [ppm]b
[ppm]d [pg]e
[abs]g
Tonalite in basement complex, Skåningen (C-04-22)
Z lp [30]
41
123
0.43 0.03
3.3 51467 15.397 0.040
Z tips [28] 31
125
0.41 0.03
3.2 40760 15.155 0.041
Z lp-fr [16] 27
21
0.50 0.06
3.9
4472 13.371 0.036
Diorite sill in Vanna Group metasedimentary rocks, Jøvika-Fakken
Z fr [1]
<1
>81
1.82 0.00
0.5
3983 6.862 0.031
Z fr [1]
<1
>304 0.38 0.00
0.7
9501 6.465 0.027
Z eu tu [1] 12
284
0.40 0.53
9.0
6185 4.661 0.011
T fr y-b [10] 199
27
3.56 0.11 25.4 5503 7.820 0.021
T fr b [9]
205
67
2.55 0.37 86.2 4033 7.721 0.022

206

Pb/
Ug

2s

rho

238

207

Pb/
Pbg

2s

206

[abs]g

206

Pb/
U

238

[abs]g

Pb/
U
[Ma]g
207

235

207

Pb/ 2 s
Pb [abs]

Disch

206

[%]

0.5441 0.0013 0.97 0.20525 0.00012 2800
0.5369 0.0013 0.97 0.20471 0.00013 2771
0.4877 0.0012 0.94 0.19883 0.00018 2561

2840 2868.4
2825 2864.1
2706 2816.6

1.0
1.0
1.5

2.9
4.0
11.0

0.3632
0.3438
0.2599
0.4071
0.4024

2094
2041
1760
2211
2199

2.9
1.6
1.2
1.2
1.2

10.2
14.6
32.5
0.9
2.0

0.0015
0.0014
0.0006
0.0010
0.0011

0.93
0.97
0.96
0.97
0.97

0.13701
0.13637
0.13008
0.13933
0.13917

0.00023
0.00012
0.00009
0.00010
0.00010

1998
1905
1489
2201
2180

2189.7
2181.6
2099.0
2218.9
2216.9

a
Z = zircon; T = titanite; eu = euhedral; lp = long-prismatic; fr = fragments; b = brown; y = yellow; tu = turbid; [9] = number of grains in fraction; all grains
abraded before analysis (cf. Krogh 1982)											
b,d
weight and concentrations are known to better than 10% for weights over 20 µg and to about 50% for those below 1µg				
c
Th/U model ratio inferred from 208/206 ratio and age of sample									
d
initial common Pb 													
e
initial common Pb + blank												
f
raw data corrected for fractionation 											
g
corrected for fractionation, spike, blank and initial common Pb 									
h
degree of discordance 													
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Table 2: ICP-MS U-Pb data for zircon in sandstone,Tinnvatn formation, Vanna group, Jøvika
No.
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
1,10
1,11
2,1
2,2
2,3
2,4
2,5
2,7
2,8
2,9
2,10
2,11
2,12
3,1
3,2
3,3
3,6
3,7
3,8
3,10
3,11
7,1p
7,1
7,2p
7,2
7,3p
7,3
7,4p
7,4
7,5p
7,5
7,6p
7,6
7,7p
7,7
7,8p
7,8
7,9p
7,9
7,10p
7,10
7,11p
7,11
7,12p
7,12

206/204 ±%
[± 1s]
3269 ±959
18552 ±5435
10295 ±2357
12135 ±3071
15258 ±2561
23171 ±5563
9850 ±3875
164730 ±417201
10666 ±1313
6532 ±1682
5757 ±2010
7992 ±1680
9311 ±1028
10276 ±2963
9448 ±3120
8972 ±3151
9855 ±3173
17358 ±15152
9395 ±4460
677720 ±4413491
81314 ±117455
29218 ±17929
588
±25
21400 ±8811
20320 ±18513
18514 ±6971
9526 ±3221
40513 ±20696
29216 ±37766
6753 ±1328
949
±58
6735 ±707
1840 ±106
5428 ±625
1081 ±100
9699 ±1208
4792 ±429
43215 ±5852
896
±58
7460 ±675
1861 ±117
18617 ±1779
770
±34
8815 ±676
750
±46
4906 ±508
1517 ±121
5273 ±690
525
±25
5521 ±548
1840 ±122
5227 ±653
255
±6
2791 ±166

207/235 ±%
[±1s]*
16.71 ±1.6
14.97 ±1.3
14.77 ±1.4
14.03 ±1.4
13.69 ±1.5
14.39 ±1.4
15.02 ±1.5
15.61 ±1.4
13.48 ±1.5
15.16 ±1.4
16.56 ±1.5
14.27 ±1.4
14.11 ±1.4
12.94 ±1.4
19.62 ±1.5
12.61 ±1.5
14.36 ±1.4
16.84 ±1.6
14.52 ±1.5
14.31 ±1.4
14.17 ±1.4
15.31 ±1.5
12.32 ±3.2
12.88 ±1.8
26.27 ±1.8
15.91 ±1.6
12.19 ±1.6
14.96 ±1.4
14.76 ±1.5
18.76 ±1.7
7.68 ±3.3
15.87 ±1.6
7.89 ±2.3
12.46 ±1.8
13.66 ±2.4
15.83 ±1.9
13.80 ±2.0
13.98 ±1.5
5.49 ±3.8
11.51 ±1.7
8.95 ±2.2
13.64 ±1.6
5.90 ±4.2
15.42 ±1.8
5.18 ±4.2
13.01 ±2.2
7.22 ±2.6
13.82 ±1.9
6.24 ±5.6
15.20 ±2.0
6.55 ±3.5
12.30 ±2.4
2.68 ±14.3
12.39 ±2.4

206/238 ±% Err.corr. Disc. 207/206±%
[%]
[± 1s]*
[± 1s]*
0.579 ±1.4 0.87 -1.5 0.2094 ±0.8
0.548 ±1.2 0.92 -0.2 0.1982 ±0.5
0.542 ±1.3 0.93
0.6 0.1978 ±0.5
0.528 ±1.3 0.93
1.2 0.1928 ±0.5
0.519 ±1.4 0.95
2.2 0.1914 ±0.5
0.526 ±1.3 0.93
3.1 0.1983 ±0.5
0.544 ±1.3 0.91
1.0 0.2003 ±0.6
0.558 ±1.3 0.94 -0.2 0.2030 ±0.5
0.504 ±1.4 0.94
5.3 0.1941 ±0.5
0.555 ±1.3 0.91 -1.2 0.1982 ±0.6
0.562 ±1.3 0.89
2.1 0.2138 ±0.7
0.516 ±1.3 0.93
5.2 0.2006 ±0.5
0.509 ±1.3 0.93
6.5 0.2012 ±0.5
0.489 ±1.3 0.93
6.9 0.1919 ±0.5
0.612 ±1.4 0.94 -0.2 0.2326 ±0.5
0.481 ±1.4 0.93
7.8 0.1903 ±0.6
0.518 ±1.3 0.92
5.0 0.2009 ±0.5
0.570 ±1.4 0.90
0.9 0.2141 ±0.7
0.518 ±1.4 0.90
5.7 0.2032 ±0.6
0.524 ±1.3 0.94
3.5 0.1982 ±0.5
0.511 ±1.3 0.94
6.2 0.2011 ±0.5
0.559 ±1.5 0.94 -1.7 0.1986 ±0.5
0.480 ±1.6 0.49
6.7 0.1862 ±2.8
0.480 ±1.6 0.92
9.3 0.1948 ±0.7
0.659 ±1.6 0.92
4.4 0.2891 ±0.7
0.554 ±1.5 0.94
1.7 0.2083 ±0.6
0.461 ±1.5 0.93 11.3 0.1916 ±0.6
0.543 ±1.3 0.95
1.0 0.1998 ±0.4
0.540 ±1.4 0.93
1.0 0.1982 ±0.5
0.568 ±1.6 0.94
7.0 0.2396 ±0.6
0.295 ±2.2 0.69 39.1 0.1890 ±2.4
0.565 ±1.4 0.90 -1.2 0.2035 ±0.7
0.309 ±2.0 0.85 35.8 0.1854 ±1.2
0.461 ±1.6 0.91 12.4 0.1958 ±0.7
0.476 ±1.4 0.60 13.1 0.2080 ±1.9
0.543 ±1.8 0.92
4.2 0.2116 ±0.8
0.524 ±1.8 0.88
1.1 0.1909 ±1.0
0.534 ±1.4 0.93 -0.7 0.1897 ±0.5
0.226 ±2.6 0.70 49.7 0.1759 ±2.7
0.450 ±1.5 0.89 11.2 0.1853 ±0.8
0.337 ±1.7 0.80 32.3 0.1927 ±1.3
0.488 ±1.5 0.95 10.1 0.2028 ±0.5
0.233 ±2.7 0.64 49.8 0.1837 ±3.2
0.527 ±1.6 0.92
6.6 0.2122 ±0.7
0.196 ±2.6 0.63 58.0 0.1912 ±3.2
0.467 ±2.1 0.95 13.1 0.2020 ±0.7
0.266 ±2.1 0.78 45.6 0.1966 ±1.6
0.483 ±1.7 0.90 12.0 0.2075 ±0.8
0.233 ±2.8 0.51 51.5 0.1946 ±4.8
0.522 ±1.8 0.92
7.2 0.2114 ±0.8
0.261 ±3.1 0.90 43.9 0.1818 ±1.5
0.462 ±2.2 0.93 11.5 0.1930 ±0.9
0.117 ±3.4 0.23 71.6 0.1656 ±13.9
0.452 ±2.1 0.89 14.7 0.1990 ±1.1

207/235-age
[Ma ± 1s]*
2919 ±16
2813 ±13
2800 ±13
2751 ±13
2728 ±14
2776 ±13
2817 ±14
2853 ±13
2714 ±14
2825 ±14
2910 ±14
2768 ±13
2757 ±14
2676 ±13
3073 ±14
2651 ±14
2774 ±13
2926 ±15
2784 ±14
2770 ±13
2761 ±14
2835 ±15
2629 ±30
2671 ±17
3357 ±17
2872 ±15
2619 ±15
2812 ±13
2800 ±14
3029 ±16
2195 ±29
2869 ±15
2219 ±21
2639 ±17
2727 ±23
2867 ±19
2736 ±19
2748 ±14
1898 ±32
2565 ±16
2333 ±20
2725 ±15
1961 ±36
2842 ±17
1849 ±35
2680 ±21
2139 ±24
2738 ±18
2011 ±49
2828 ±19
2053 ±31
2628 ±23
1322 ±106
2634 ±23

206/238-age
[Ma ± 1s]*
2944 ±33
2816 ±28
2790 ±29
2732 ±29
2694 ±31
2726 ±29
2800 ±30
2856 ±29
2631 ±30
2844 ±30
2874 ±30
2683 ±28
2650 ±29
2567 ±28
3077 ±33
2530 ±29
2691 ±28
2910 ±33
2691 ±30
2714 ±29
2661 ±29
2862 ±34
2527 ±33
2525 ±34
3264 ±42
2842 ±34
2445 ±30
2796 ±29
2784 ±31
2898 ±37
1666 ±33
2889 ±33
1735 ±30
2446 ±33
2512 ±30
2795 ±40
2718 ±40
2759 ±31
1315 ±31
2397 ±30
1872 ±28
2562 ±32
1349 ±32
2729 ±36
1155 ±27
2471 ±43
1522 ±28
2541 ±35
1349 ±35
2706 ±40
1496 ±42
2450 ±45
715 ±23
2403 ±43

208/232-age
[Ma ± 1s]*
3034 ±70
2838 ±41
2790 ±40
2702 ±38
2244 ±37
2703 ±37
2814 ±40
2823 ±37
2554 ±37
2772 ±39
2798 ±66
2612 ±42
2744 ±35
2657 ±36
3053 ±44
2570 ±37
2624 ±39
2844 ±44
2673 ±53
2693 ±35
2561 ±34
2853 ±41
24 ±426
2584 ±61
3168 ±46
2720 ±39
2347 ±38
2730 ±36
2765 ±38
2856 ±49
2102 ±115
3071 ±44
1832 ±64
2447 ±45
702 ±122
2736 ±50
2856 ±54
2791 ±36
1585 ±68
2543 ±38
1789 ±154
2815 ±51
945 ±168
2888 ±45
749 ±238
2520 ±77
734 ±182
2228 ±89
1489 ±200
2628 ±59
1036 ±130
2676 ±60
1366 ±162
2663 ±45

207/206-age
[Ma ± 1s]*
2901 ±13
2811 ±9
2808 ±8
2766 ±9
2754 ±8
2813 ±8
2828 ±10
2851 ±7
2777 ±8
2811 ±10
2935 ±11
2831 ±8
2836 ±9
2758 ±9
3070 ±8
2744 ±9
2834 ±8
2937 ±11
2852 ±10
2811 ±8
2835 ±8
2815 ±9
2708 ±47
2783 ±11
3413 ±11
2892 ±9
2756 ±9
2825 ±7
2812 ±9
3117 ±9
2734 ±39
2855 ±11
2702 ±20
2791 ±12
2890 ±31
2918 ±12
2750 ±16
2740 ±9
2614 ±45
2701 ±13
2765 ±21
2849 ±8
2687 ±53
2923 ±11
2753 ±53
2843 ±11
2798 ±27
2886 ±13
2781 ±79
2916 ±13
2669 ±25
2768 ±15
2513 ±236
2818 ±18

Model- /UI-age
[Ma ± 2s]**
2899 ±27
2811 ±18
2809 ±18
2768 ±18
2757 ±17
2817 ±17
2830 ±21
2850 ±15
2785 ±18
2810 ±20
2937 ±22
2839 ±18
2846 ±18
2769 ±18
3070 ±17
2757 ±20
2841 ±18
2938 ±23
2861 ±22
2817 ±16
2845 ±17
2813 ±18
2719 ±96
2797 ±24
3418 ±23
2895 ±19
2775 ±20
2826 ±15
2813 ±19
3127 ±19
2853

±23

2819

±36

2929

±47

2744

±16

2713

±32

2872

±25

2938

±26

2853

±28

2902

±33

2925

±31

2785

±38

2835

±46

Notes: Analyses for series 1, 2 and 3 were performed on grains mounted in epoxy and polished half-way down before ablation; the grains for series 7 were mounted
instead on double-sided tape and ablated in two stages: p indicates the first pre-ablation stage at low energy followed by the normal ablation stage deep into the
grain (NGU-catalogue number 050413). *) isotopic ratios corrected for initial common Pb calculated from the Stacey & Kramers (1975) model using the apparent
(207/206) age of each grain. **) The model age used for grains of series 1-3 is the upper intercept of a line projected through the data point from a lower intercept of
286 ± 55 Ma. For series 7 grains the column indicates the upper intercept calculated through the pre-ablation and main-ablation analyses of each grain.

of the equidimensional grains are fragments of considerably larger grains. A few well-preserved prismatic grains
can be found in the smaller size fractions. Most grains
analysed are lilac to pale lilac, but yellowish to brownish
colours are present as well. Internal oscillatory zoning,
locally in combination with sector zoning (cf. Corfu et
al. 2003b) are common. Some grains also show evidence
of multistage growth and locally display thin (< 1 μm),
highly luminescent rims. Inclusions of what appears to

be quartz are common. When mounting the grains for
analysis, grains were selected to include a variety of forms
and colours, but with the more abundant types constituting the majority.
Table 2 reports the analyses of forty-two grains, twelve
of which (series 7) are accompanied by the results of a
surface-ablation stage, sampling the outer envelope of
the grains. The main data set (Fig. 14) ranges from con-
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cordant to about 10% discordant, whereas most surfaceablation analyses tend to be more than 10% discordant
and predictably also have higher contents of common
Pb. The latter are nevertheless useful as they provide
some information on the pattern of Pb loss. The twelve
pairs yield lines giving lower intercept ages that range
from about 150 to 500 Ma, with a weighted average of
286 ± 55 Ma. This reflects mainly the Caledonian overprint, presumably with additional, recent, surface-related
Pb loss and/or ICP-MS-induced fractionation. The upper
intercept ages of these lines are listed in Table 2 and represent our best estimate for the age of these grains. We
also list model ages, obtained by projecting the data from
the average lower intercept age of 286 ± 55 Ma. They are
either identical to the 207Pb/206Pb age or up to 20 Ma older
for analyses that are 10% discordant. The age distribution in the histogram of Fig. 14 shows a dominant group
between 2900 and 2700 Ma, with a major peak at 2900 to
2800 Ma. Two grains give older dates of 3070 and 3127
Ma and one is much older at 3418 Ma. The main group
of ages from 2900 to 2700 Ma reflects a source from the
Archaean crustal component in the region (Zwaan &
Tucker 1996; Motuza et al. 2001a, b; Corfu et al. 2003a;
Kullerud et al. 2006a, b). The three detrital zircon ages
older than 3000 Ma have no known counterparts yet in
the basement of the region, implying either a derivation
from more distant parts of the craton or the occurrence
of, as yet unidentified, older local enclaves. The latter
view is supported by new data (work in progress) indicating a more varied composition of the basement in
eastern Vanna. Furthermore, zircons from the c. 2400 Ma
old mafic dykes that intruded the tonalitic gneisses on
Vanna and Ringvassøya (Kullerud et al. 2006b) have not
been identified among the detrital zircons from the sandstone. The probable reason is that these mafic dykes have
very small amounts of zircon, the crystals of which tend
to be very small and metamict.

Discussion
Timing of sedimentation versus intrusion of the diorite
The 2221 ± 3 Ma U-Pb age obtained for the diorite
sill in conjunction with an Archaean age (3.4-2.8 Ga)
for detrital zircons in the sedimentary rocks, calls for a
full reinterpretation of the Vanna group and its geological significance. First of all, the new radiometric data
constrain the deposition of the sediments to the 2.4-2.2
Ga interval. This is based implicitly on the occurrence
of a common 2403 ± 3 Ma dyke swarm (Kullerud et al.
2006b) in the underlying tonalitic basement which does
not truncate the basement-cover contact (Johansen
1987), e.g. in critical localities west of Tinnvatn (Fig. 2).
Furthermore, possible diagenetic fabrics observed in sedimentary xenoliths of the diorite (Fig. 12b), suggest that
intrusion of the diorite was synchronous with or slightly
after consolidation of the sediments. On the other hand,
the presence of local erosional surfaces, laterally extensive
conglomerates in contact with diorite at different locali-

ties, and conglomerates filling cracks in the diorite surface, at Kvalshausen also indicates that these conglomerates may have accumulated during erosional events that
followed the intrusion of the diorite, thus extending the
later stages of deposition but confining the main period
of Vanna group deposition to the 2.4 - 2.2 Ga interval.
Provenance of the Vanna group sediments
The possible source rocks of the Vanna group can be
inferred from the systematic 2.9 to 2.7 Ga ages revealed
from detrital zircons (Fig. 14). The 2885 ± 20 Ma U-Pb
age for the tonalitic basement that dominates the northernmost part of the West Troms Basement Complex and
similar ages obtained for granitic igneous rocks both on
Ringvassøya (2830 Ma) and Kvaløya (2692 Ma), support
a local Archaean source for the sediments (Corfu et al.
2003a, 2006; Kullerud et al. 2006a, b). A derivation from
other basement provinces of comparable age in northern
Fennoscandia (and Laurentia) is also possible, but the
relationship between these complexes is now obscured by
the Caledonian nappes.
Regional correlation
The problem concerning regional correlation of the
Vanna group metasedimentary rocks and whether they
represent an allochthonous Caledonian or Precambrian
basement-cover sequence can now be partly resolved.
The previously proposed correlation of the Vanna group
with the autochthonous Neoproterozoic to Cambrian
successions in northern Fennoscandia (e.g. Roberts 1974;
Binns et al. 1980; Grogan & Zwaan 1997), or the Ordovician-Silurian Balsfjord Group of the Caledonian Lyngsfjell Nappe (cf. Andresen et al. 1985; Zwaan et al. 1998) as
suggested by Roberts (1974), is now fully rejected. Binns
et al. (1980) argued for the succession and its tonalitic
basement to be part of a basement-cover system involved
in a Caledonian thrust sheet. This argument, however, is
in conflict with new findings and age constraints in the
West Troms Basement Complex (Corfu et al. 2003a, 2006;
Kullerud et al. 2006a, b). In our view, the 2885 ± 3 Ma
tonalitic basement on Vanna and its sedimentary cover
(Vanna group) make up an integral part of the West
Troms Basement Complex. This interpretation is based
on: (1) the similarity of the Vanna group metasedimentary rocks with other Palaeoproterozoic siliciclastic-dominated metasupracrustal successions in the West Troms
Basement Complex, such as the Astridal and Torsnes
units (cf. Landmark 1973; Nyheim et al. 1994; Zwaan
1995; Pedersen 1997), and (2) the closeness of these units
to Palaeoproterozoic thrust sheets and block-bounding
shear zones that experienced contractional deformation and lateral shearing as on Vanna (Armitage & Bergh
2005; work in progress). In this respect, and if the Vanna
group is correlated with quartzites and meta-arkoses of
the Skipsfjord Nappe in northern Vanna (Fig. 2) as proposed by Opheim & Andresen (1989), the age of movement on the thrust at the base of the Skipsfjord Nappe
may also be Svecofennian. Opheim & Andresen (1989),
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dian Shield (e.g. Torske 1977; Bergh & Torske 1986) or
a foreland basin (Siedlecka et al. 1985; Torske & Bergh
2004).
Tectonic setting and crustal affinity
An important temporal constraint on the depositional
and tectonic setting of the Vanna group is the underlying 2403 ± 3 Ma Ringvassøya mafic dykes (Kullerud et
al. 2006b). These dykes were coeval with a global magmatic event that formed extensive intrusive and extrusive suites in the Archaean terrains of Kola, Karelia and
northern Sweden (e.g., Mertanen et al. 1999; Bergman et
al. 2001), as well as in the Superior Province of Canada
(Buchan et al. 1998; Corfu & Easton 2001) and the Lewisian of Scotland (Chapman 1979; Tarney & Weaver 1987;
Park 1991, 1994, 2005). In all these cratons the 2.5-2.4 Ga
interval is known as a period when an Archaean supercontinent broke up into smaller continental blocks and
was intruded by mafic dykes and overlain by widespread
platform sediments, i.e., deltaic and shallow- to deepmarine clastic sediments on passive continental margins
(e.g., Strachan & Holdsworth 2000).

Fig. 15: Regional map of northern Fennoscandia showing distribution of Palaeoproterozoic metasupracrustal formations used as a basis
for correlation of the metasedimentary rocks of the Vanna group.
For details of the individual locations and references, see Hanski et
al. (2001). The map is modified from Gaal & Gorbatchev (1987),
Gorbatchev & Bogdanova (1993) and Hanski et al. (2001). Abbreviations: SS=Skoadduvarri Sandstone, CS=Caravarri Sandstone.

however, regarded the Skipsfjord Nappe as a Caledonian
thrust nappe, equivalent to the Lower/Middle Allochthons in Finnmark (see discussion in Rice 1990).
Accepting that the Vanna group is truly a constituent
unit of the West Troms Basement Complex, a correlation
with other Palaeoproterozoic, clastic sedimentary units
in northern Norway (Fig. 15) is feasible. Potential candidates are the alluvial and shallow-marine deltaic Skoadduvarri and Caravarri sandstones of the Alta-Kautokeino
Greenstone Belt in Finnmark (Holmsen et al. 1957;
Zwaan & Gautier 1980; Siedlecka et al. 1985; Krill et al.
1985; Bergh & Torske 1986; Torske & Bergh 2004). A correlation is supported by the similarity of tectonic setting,
i.e., either a rift at the northern margin of the Fennoscan-

This phase of intense magmatism and rifting was succeeded by a protracted period of almost 200 million
years that was magmatically quiescent, with only very
minor local emplacement of mafic dykes and perhaps
volcanism (Hanski et al. 2001). This inactivity was interrupted at about 2220 Ma by a more important burst of
mafic magmatism represented by differentiated mafic to
ultramafic sills throughout northern Finland (see review
and references in Hanski et al. 2001). The characteristics
of these intrusions as differentiated sills with a common
albite diabase (spilite) composition, their occurrence in
clastic metasedimentary rocks, and even the nature of
their zircon and titanite, are also features of the diorite
sill on Vanna. The occurrence of numerous 2.2 Ga mafic
sills in the Kivalo, Sodankylä, Laino and Kumpu Group
quartzites of the Kittilä district (Hanski et al. 2001; Perttunen & Vaasjoki 2001; Rastas et al. 2001; Räsanen &
Huhma 2001) supports a link between these metasedimentary successions and the Vanna group (Fig. 15).
The same event is recorded in Laurentia where it corresponds to the intrusion of the Nipissing diabase (2219
± 4 to 2210 ± 4 Ma) into sedimentary rocks of the
Huronian Supergroup (Corfu & Andrews 1986; Buchan
et al. 1998; Bleeker 2004), and is possibly an expression
of the Ungava dyke swarm (Buchan et al., 1998). Age correlative dykes have also been documented in Greenland
(e.g. Nutman et al. 1995).
The subsequent period was punctuated by more frequent
but less intense local mafic magmatism and another
major event at c. 2.0 Ga throughout Laurentia and Fennoscandia producing, for example, the uppermost basalts
of the Pechenga Province and the younger Scourie dykes
of the Lewisian (e.g. Chapman 1979; Cohen et al. 1988:
Heaman & Tarney 1989) and the Cape Smith Ophiolite
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Fig. 16. Structural map illustrating the block-tectonic architecture
of the West Troms Basement Complex. Also shown are the main
structural fabrics, block-bounding
shear zones, regional folds, trace of
the main foliation and tentative
reconstruction of regional strain
patterns and shearing directions
during the main Svecofennian tectonic events.

(Scott et al. 1992). The latter magmatic event is also present in the West Troms Basement Complex as metagabbro of the Mjelde-Skorelvvatn zone (Corfu et al. 2006).
The major part of the Lewisian Scourie dyke swarm was
emplaced at c. 2.4 Ga but certain members of the swarm
intruded later (2.0-1.992 Ga) into a cooler upper crust
(Tarney & Weaver 1987; Park 2002). By analogy, the diorite on Vanna may be remnants of a similar, late, intrusive dyke swarm. Such a correlation also potentially links
parts of the West Troms Basement Complex to the Lewisian (Bergh et al. 2007).
Timing and significance of deformation
The timing and significance of deformation of the Vanna
group and the diorite intrusion remain enigmatic. An
assumed Neoproterozoic age for the Vanna group led
previous workers to conclude that it was deformed during the Caledonian orogeny (Binns et al. 1980; Johansen 1987; Opheim & Andresen 1989). We can assess this
assumption by briefly comparing our structural data with
Svecofennian (1.8-1.7 Ga) deformation belts elsewhere
in the West Troms Basement Complex (Fig. 16). The
most intensive deformation and metamorphism (mostly
amphibolite-facies) were assigned to metasupracrustal
cover units (Fig. 16) displaying mylonitic and metamorphic fabrics (see Zwaan 1995). The Mjelde-Skorelvvatn
Zone (Armitage & Bergh 2005) is used as a framework
for the tectonic comparison (Fig. 16). This zone is char-

acterised by a steep, NNW-SSE-striking mylonitic foliation (S1) folded by macroscopic upright folds (F2) about
NW-SE-trending axes, and superimposed subvertical Sshaped folds (F3) and a network of steep NNW-SSE-striking, mostly sinistral S3 strike-slip shear zones. A model of
progressive and partitioned Svecofennian transpression
is proposed for this block-bounding zone (Armitage &
Bergh 2005).
We propose a correlation of the F2 and F3 folding in the
Mjelde-Skorelvvatn Zone and the F1-F2 folding of the
Vanna group metasedimentary rocks, despite the difference in metamorphic grade. The main reason is that
macroscopic folding appears to have caused the steep tilt
of the strata/foliation in both domains. The mylonitic
fabric (S1) of the Mjelde-Skorelvvatn Zone may have
developed at an earlier stage or in a spatially separate
contractional domain deeper in the crust. The steep S2-S3
shear fabrics in the Vanna group and the diorite are geometrically similar to the S3 strike-slip zones recorded in
the Mjelde-Skorelvvatn Zone. A crucial argument for this
correlation is that the steep shear zones in the diorite are
composed of mylonitic fabrics (Fig. 12a) with a consistent sinistral strike-slip displacement. By comparison, on
a plate-tectonic scale, the Svecofennian tectonic events in
northern Fennoscandia are characteristically represented
by steep, strike-slip shear zones (e.g. Berthelsen & Marker
1986; Kärki et al. 1993).

316 S. G. Bergh et al.

The most striking features of the sedimentary rocks of
the Vanna group are their lower metamorphic grade and
less intensive deformational strain compared to other
metasupracrustal belts of the West Troms Basement
Complex. Furthermore, the regional F1-F2 folds and most
shear zones on Vanna, including the thrust below the
Skipsfjord Nappe, have a more NNE-SSW trend, which is
oblique to that of the Svecofennian pattern farther south
and more in accord with the Caledonian trend of Central
Troms (Figs. 1 and 16). It is, notable, however that local
deformation features and trends in the nearest Caledonian strata on Ringvassøya (Fig. 1) differ considerably
from those on Vanna. There is also a gradual change in
the orientation of Svecofennian contractional strain
axes northeastwards in the West Troms Basement Complex (Fig. 16), and a similar decrease in the amount of
strain, features which seem unlikely to have been caused
by Caledonian thrusting. Alternative explanations for
these variations may be: (i) different orientations of the
Palaeoproterozoic metasupracrustal belts relative to the
principal stress axes of the regional contraction, (ii) the
deformation farther south occurred at a deeper crustal
level and was spatially separated from the Vanna domain,
and (iii) the Vanna group was located in the foreland
with more open regional F2 folds near a Svecofennian
thrust front to the southwest (cf. Opheim & Andresen
1989). These differences and the question of absolute
timing and correlation of the deformation awaits future
studies (work in progress).

Conclusions   
1) New evidence for a Palaeoproterozoic depositional
age for the low-grade sedimentary rocks of the Vanna
group is based on a U-Pb zircon age of 2221 ± 3 Ma of
a diorite sill in the sediments. Our data constrain the
deposition of the sediments to the 2.4-2.2 Ga interval,
since a 2403 ± 3 Ma mafic dyke swarm present in the
underlying tonalitic basement does not penetrate the
basement-cover contact. A new U-Pb analysis of zircons in the tonalitic basement on Vanna yields a 2885
± 20 Ma age, which further supports an Archaean age
for the northernmost part of the West Troms Basement Complex.
2) The main source and provenance area for the Vanna
group is considered to be the nearby Archaean tonalite gneisses of Ringvassøya, Kvaløya and Senja. This is
inferred from laser ICP-MS U-Pb analyses of detrital
zircons, which yield dominant and consistent 2.9-2.7
Ga upper intercept ages. Instead of a previous correlation of the Vanna group with the autochthonous
Neoproterozoic to Cambrian succession, the Vanna
group is now considered to be an integral part of
the Archaean-Palaeoproterozoic West Troms Basement Complex. Thus, the Vanna group may have its
correlative counterparts in other Palaeoproterozoic
metasupracrustal belts in Finnmark (i.e. the Skoadduvarri and Caravarri sandstones) and elsewhere in
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northern Fennoscandia where quartz-rich sandstones
and arkoses are deposited on granitoid basements in
continental or rift-associated settings.
3) The Vanna group was deposited as platform-deltaic
to shallow-marine sediments in a continental margin setting during break-up (2.4 Ga) of an Archaean
supercontinent and intruded by mafic dykes, possibly
in the waning stages of rifting (2.2 Ga) with emplacement into a cooler upper crust. This is implicit from
the analogous occurrence of intrusions of similar age
in clastic metasedimentary rocks in northern Finland,
Laurentia and the Lewisian of Scotland.
4) The deformation of the Vanna group sediments and
diorite sill is characterised by macroscale upright and
subvertical folding (F1-F2), and the formation of axialplanar cleavage and related thrusts (S1-S2) with associated oblique, steep, semi-ductile, sinistral strike-slip
shear zones (S3). This transpressional deformation is
most likely caused by partitioned Svecofennian contractional and strike-slip shear deformation (c. 1768
Ma), as seen elsewhere in the West Troms Basement
Complex and northern Fennoscandia. A Caledonian
deformation age, however, cannot be ruled out.
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