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Abstract: The concepts concerning the origin of the Caledonides of northern Norway have changed rapidly in the last dec-
ade thanks largely to the application of modern geological and isotopic methods. This contribution presents U–Pb data ob-
tained by ID–TIMS (isotope dilution – thermal ionization mass spectrometry) on zircon, titanite, and monazite from
plutonic and metamorphic rocks. The Gjesvær Migmatite Complex of the Kalak Nappe Complex is shown to be of Gren-
villian age, with granite and leucosome emplaced at about 970 Ma in a succession of psammites and amphibolites. It then
underwent metamorphism and partial melting at about 425 Ma during Caledonian thrusting. Dating of granitic and gab-
broic rocks that intrude the mainly turbiditic Hellefjord Group of the overlying Magerøy Nappe yields ages of 440–435
Ma, confirming that this unit is a correlative of the rocks on the island of Magerøy. A superimposed set of events at 430–
425 Ma caused metamorphism forming pegmatites and local leucosome proving that the Magerøy Nappe, and the underly-
ing Kalak Nappe Complex were juxtaposed on Baltica by that time. The age structure and other geological and paleomag-
netic constraints suggest that the nappes originated along the Laurentian and perhaps Gondwanan margins and were
brought to intersect Baltica by Cordilleran-type terrane translations along sinistral transform fault systems during the obli-
que convergence of Baltica and Laurentia.

Résumé : Les concepts concernant l’origine des Calédonides du Nord de la Norvège ont changé rapidement au cours de
la dernière décennie en grande partie grâce à l’application de méthodes géologiques et isotopiques modernes. Le présent
article présente des données U–Pb obtenues par ID–TIMS (« isotope dilution – thermal ionization mass spectrometry »)
sur des zircons, de la titanite et de la monazite provenant de roches métamorphiques et plutoniques. Il est démontré que le
complexe de migmatite Gjesvær du complexe de la nappe de Kalak est d’âge grenvillien, avec du granite et des leucoso-
mes mis en place vers 970 Ma dans une suite de psammites et d’amphibolites. Le complexe a ensuite subi un métamor-
phisme et une fusion partielle vers 425 Ma durant le chevauchement calédonien. La datation des roches granitiques et
gabbroı̈ques, qui pénètrent les roches turbidites du Groupe d’Hellefjord de la nappe sus-jacente de Magerøy, a donné des
âges de 440 à 435 Ma, confirmant que cette unité correspond aux roches sur l’ı̂le de Magerøy. Un ensemble surimposé
d’événements à 430 à 425 Ma a causé un métamorphisme formant des pegmatites et des leucosome locaux, prouvant que
la nappe de Magerøy et le complexe sous-jacent de nappe de Kalak étaient juxtaposés à Baltica à cette époque. La struc-
ture des divers âges ainsi que les autres contraintes géologiques et paléomagnétiques suggèrent que les nappes proviennent
des bordures laurentiennes et possiblement de celles du continent de Gondwana et qu’elles ont été amenées à recouper
Baltica par des translations de terranes de type cordillère le long de systèmes de failles transformantes senestres durant la
convergence oblique de Baltica et de la Laurentie.

[Traduit par la Rédaction]

Introduction

The Scandinavian Caledonides are the product of Silur-
ian–Devonian convergence and collision between Baltica–

Avalonia and Laurentia, a process that modified the margin
of Baltica and loaded it with a stack of nappes comparable
in size to the present-day Himalayas. There is evidence that
the nappes were derived both from the Baltic margin (Lower
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to Middle Allochthons) and from outboard sources (Upper
and Uppermost Allochthons), but the exact origins remain
in many cases a matter of debate (Stephens and Gee 1989).
This uncertainty is especially true in Finnmark in northern
Norway (Fig. 1a), where nappes traditionally considered to
represent the Baltic margin have more recently been shown
to be composed of rocks with little affinity to northern Bal-
tica, but they fit much better with peri-Gondwanan and (or)
Laurentian derivations (Corfu et al. 2007; Kirkland et al.
2008a, 2008b). The nappes with exotic terrane affinities in
Finnmark are, however, composed of basement cover rocks
of continental origin, and the contacts between the different
terranes are without typical suture rocks. Their status as dif-
ferent terranes with origins outboard of Baltica is, therefore,
not easily recognized and is dependent on geochronological
evidence. The Finnmark region has also been at the centre
of the debate on the timing of translation of the nappes onto
Baltica. Sturt et al. (1978) had proposed that part of the
nappes had been thrust already in the Cambrian during the
Finnmarkian phase of the Caledonian orogeny as part of a
polyphasal collision process concluded by the Scandinavian
(now referred to as the Scandian) phase in the Silurian
(Ramsay and Sturt 1976). Later the concept of the ‘‘Finn-
markian orogeny’’ was extended to include ophiolite obduc-
tion onto the Caledonian margin of Baltica along its entire
length (e.g., Sturt and Ramsay 1999).

The ramifications of these models of the Finnmarkian or-
ogeny in its type area have been discussed from several per-
spectives (Krill and Zwaan 1987; Binns 1989). Likewise, the
extent, significance, or indeed the existence, of a Finnmar-
kian orogeny as a belt-long event along the margin of Bal-
tica has been questioned (e.g., Andersen and Andresen
1994; Pedersen et al. 1992; Roberts et al. 2006). The con-
cepts relating to the origin of the Finnmarkian nappes have
now been strongly modified by more recent research, which
has found evidence for multiple phases of Neoproterozoic
orogenic activity affecting the nappes before their ultimate
emplacement on Baltica (Daly et al. 1991; Kirkland et al.
2006b, 2007a, 2007b, 2008a, 2008b, 2009; Corfu et al.
2006, 2007; Roberts et al. 2006, 2010). Nevertheless, the
question of a potential Early Ordovician thrusting event re-
mains under debate (Kirkland et al. 2008a, 2009).

In this paper, we present U–Pb ages on the uppermost Si-
lurian rocks and part of their underlying rocks of the Kalak
Nappe Complex of Finnmark. These ages provide further
constraints on the origin and timing of metamorphism of
these nappes. We discuss their potential derivation, time of
emplacement, and metamorphism.

Geological setting

General overview
The geology of the Finnmark region is dominated by

three main elements: (1) the basement of the Baltic Shield
with its generally thin autochthonous sedimentary cover, (2)

a succession of Neoproterozoic sedimentary rocks north of
the Trollfjord–Komagelv Fault Zone, and (3) a stack of
nappes covering most of the western part of the region, apart
from a few windows that expose parautochthonous basement
and cover (Figs. 1a–1c).

The autochthonous basement in this part of the Baltic
Shield consists mainly of Archean rocks in addition to a ser-
ies of early Paleoproterozoic (2.5–1.9 Ga) mafic intrusive
suites and incipient Paleoproterozoic arcs. Parts of this crust
underwent various degrees of orogenic reworking in the
middle Paleoproterozoic (1.9–1.7 Ga) (e.g., Lahtinen et al.
2008). The basement is covered by a generally thin succes-
sion of latest Neoproterozoic to Cambrian sedimentary
rocks. The thickest accumulation in the Tanafjord–Varan-
gerfjord region (east of the map area in Fig. 1b) consists of
Neoproterozoic to Early Ordovician sedimentary rocks, in-
cluding Ediacaran tillites (Nystuen et al. 2008). The lowest
part of the succession correlates with parts of the Barents
Sea Group to the north of the Trollfjord–Komagelv Fault
Zone, but the latter lacks tillites.

The allochthonous stack consists of four main units, start-
ing at the bottom (and in the east) with (1) the Gaissa
Nappe, composed of Neoproterozoic to Early Ordovician
sedimentary rocks, overlain by (2) the Laksefjord Nappe,
dominated by unfossiliferous clastic sedimentary rocks of
inferred Neoproterozoic age, and a small core or window
(?) of basement; (3) the heterogeneous Kalak Nappe Com-
plex, composed largely of Neoproterozoic sedimentary and
plutonic rocks and apparently an amalgamation of terranes
with different origins; and (4) the redefined (see later in the
text and Kirkland et al. 2008b) Magerøy Nappe, which con-
sists of variously metamorphosed, Early Silurian sedimen-
tary and plutonic rocks (Andersen 1981, 1984a,1984b;
Roberts 1985; Kirkland et al. 2005; Corfu et al. 2006).

The Kalak Nappe Complex has been subdivided into >10
discrete nappes (Gayer et al. 1985; Ramsay et al. 1985a,
1985b; Daly et al. 1991), but the definition of individual
nappes and their correlation within the complex remain
very much work in progress, and in general, there is little
consensus on the nomenclature and identity of the various
units. Kirkland et al. (2008b) applied a broad subdivision in
a group of Lower Nappes, which includes the Sværtholt suc-
cession of psammites deposited after about 1030–1000 Ma
and intruded by ca. 980 Ma granites, and a group of Upper
Nappes, which consists of sedimentary rocks deposited after
about 910 Ma and affected by a multistage orogenic history
between 900 and 500 Ma. There are also some minor ele-
ments, such as the Neoproterozoic (760–710 Ma) Falkenes
limestone at the top of the Kalak Nappe Complex (Slagstad
et al. 2006), and some Paleoproterozoic to Archean base-
ment units (Kirkland et al. 2008b) at its bottom, which have
generally been assigned to the Kalak Nappe Complex but
now appear to be separate tectonic slivers (Kirkland et al.
2008b). The record of repeated Neoproterozoic orogenic ac-

Fig. 1. (a) Simplified tectonic map of the Scandinavian Caledonides (after Gee et al. 1985). The Seve Nappe mentioned in the text is not
distinguished at this scale; it is a part of and follows the Allochthon for about two-thirds of the length of northern Norway before striking
out into the sea. (b) Simplified geological map of western Finnmark showing the distribution of the main geological elements. (c) Schematic
cross-sections illustrating the main relationships of the various tectonic elements of the region and context of the dated samples (modified
from Corfu et al. (2007) and references therein).
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tivity observed in the Kalak Nappe Complex (Kirkland et al.
2006a, 2006b, 2007a, 2007b, 2008a, 2008b, 2009; Roberts
et al. 2006, 2010; Corfu et al. 2007) is very unlike that of
the northern Baltic Shield, which also has a radically differ-
ent age structure from that shown by detrital zircons from
Kalak Nappe Complex psammites (Kirkland et al. 2007b,
2009). All these factors advocate a provenance of most of
these units away from northern Baltica.

The Magerøy Nappe was originally defined by the fossil-
iferous Silurian succession on the island of Magerøy (Hen-
ningsmoen 1961; Ramsay and Sturt 1976; Andersen 1984a)
that was deformed, metamorphosed, and intruded by mafic
and felsic plutons at 438–434 Ma (Corfu et al. 2006). The
work by Kirkland et al. (2005, 2006a, 2007a), Gerber
(2006), and this study shows that the rocks on the island of
Magerøy, mainly turbidite deposits, correspond to the Hel-
lefjord Schists on the islands of Hjelmsøy and Sørøy and
the Porsanger peninsula (Fig. 1b). It is also likely that this
tectonic unit continues southwestward to the Vaddas area,
as originally postulated by Binns (1989) and discussed in
Corfu et al. (2007). In this paper, we adopt a more general-
ized definition of the Magerøy Nappe to include all the Si-
lurian rocks in Finnmark that share a common origin and
history and can be correlated to those of Magerøy (cf. Kirk-
land et al. 2006a). If one accepts that the Silurian succession
at Vaddas lies unconformably on Neoproterozoic basement
(see discussion in Corfu et al. 2007) then the latter can also
be considered as a part of the Magerøy Nappe.

The Silurian deformational and metamorphic effects
caused by the Scandian collision (Stephens and Gee 1989)
are well established. One point of contention regards the
presence or absence of early Caledonian orogenic overprints,
either reflecting thrusting of lower nappes on Baltic base-
ment in the early Ordovician (Kirkland et al. 2008a) or as
transported structures reflecting deformation while still out-
side of Baltica. The latter may have occurred in the Taconic
orogen along the margins of Laurentia, or in arc systems
within the Iapetus or gir oceans.

Gjesvær Migmatite Complex in Kalak Nappe Complex
The island of Magerøy comprises the Gjesvær Migmatite

Complex (GMC), a part of the Kalak Nappe Complex to the
west, and the metasedimentary and plutonic rocks of the
Magerøy Nappe to the east (Fig. 2a; Andersen 1981), sepa-
rated by a high-strain zone, interpreted to be either a thrust
(Ramsay and Sturt 1976) or, alternatively, an extensional
shear zone (Kjærsrud 1985).

The GMC is dominated by migmatitic gneisses and
banded metapsammites (Ramsay and Sturt 1976), with local
calc-silicate gneisses and garnet amphibolites (Andersen
1979). The GMC has at least two generations of leucosome
(Fig. 3b; Andersen 1979). A ca. 300 m thick sheet of K-
feldspar porphyritic granite gneiss occurs in the eastern part
of the complex (Fig. 2a). The body is bound on both sides
by quartzite. Marginal domains reveal the presence of
quartzite-like and biotite-rich xenoliths, suggesting that the
granite postdates the adjacent metasediments. The granite
gneiss also contains sparse leucosome veins that probably
reflect a younger remobilization. Andersen et al. (1982) re-
ported a Rb–Sr whole-rock isochron of 410 ± 28 Ma with a
very high 87Sr/86Sr initial ratio (0.75472 ± 0.00015) for the

migmatites. The age and the initial ratio were taken to indi-
cate isotopic resetting of an old Precambrian complex
caused by peak metamorphism in the overlying Magerøy
Nappe, whereas migmatization was assumed to have taken
place during the Finnmarkian orogeny (ca. 500 Ma; Sturt et
al. 1975; Ramsay and Sturt 1976).

Approaching the top of the GMC, the rocks become
strongly banded and mylonitic, and quartzofeldspathic veins
are highly disrupted and stretched, whereas the overlying
Magerøy Nappe is characterized by strongly foliated but
non-migmatitic foliated grey-green calc-silicate-bearing
metasandstones (Ramsay and Sturt 1976). These authors at-
tribute this deformation to overthrusting by the Magerøy
Nappe, the alternative being that the eastward-dipping boun-
dary is a normal fault (Kjærsrud 1985), in which case the
GMC could represent an original basement complex to the
Magerøy sequence (Andersen 1979).

Magerøy Nappe

Magerøy
The Magerøy Supergroup comprises two successions do-

minated by turbidite deposits, the lowermost Kjeldvika
Group and the uppermost Juldagnes Group, which are sepa-
rated by the Nordvågen Group, consisting of finer grained
sedimentary rocks associated with limestone, orthoquartzite,
and lenses of conglomerate (Andersen 1984a). These con-
glomerates contain numerous intraformational clasts, includ-
ing fossiliferous limestone, but also pebbles of metamorphic
rocks similar to those found in the Kalak Nappe Complex,
suggesting a continental crust origin (Ramsay and Sturt
1970). A shelly fauna is present in limestones of the Nord-
vågen Group, and Aeronian (439–436 Ma) graptolites occur
near the base of the overlying Juldagnes Group. The early
Silurian flysch was intruded by the layered mafic–ultramafic
Honningsvåg intrusive suite (Robins 1998), associated gran-
itic plutons at 438–437 Ma, and the latest peraluminous
granites at 436–434 Ma (Andersen 1979, 1981; Corfu et al.
2006). The early magmatic phases coincide within error
with the age of deposition, demonstrating a very active syn-
tectonic geological evolution with high rates of sedimenta-
tion. This likely occurred in a rapidly subsiding basin close
to a plate margin associated with a magmatic arc, either in
stretched back-arc crust or coinciding with an intersecting
subducted oceanic ridge. The earliest deformation took place
during emplacement of the gabbro and was associated with
prograde regional metamorphism. The D1 structures
(Fig. 3a) evolved into large-scale recumbent folds and sub-
horizontal flattening, which also inverted magmatic layering
in the gabbros. The second-stage folds (D2) are regionally
upright, mostly open folds associated with retrograde meta-
morphism (Andersen 1981). The inter-kinematic peak re-
gional metamorphism reached the kyanite and sillimanite
zones of the amphibolite facies in the northwest, whereas
the regional metamorphism in the eastern part of the island
was limited to low greenschist-facies (biotite–stilpnomelane
zone) conditions (Andersen 1984b).

The Honningsvåg intrusive suite preserves a dual polarity
primary magnetic signature (Torsvik et al. 1992). A compar-
ison with the apparent polar wander paths for Baltica shows
that, at 438 Ma, the Magerøy Supergroup was undergoing
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initial deformation and metamorphism at an equatorial lati-
tude, a minimum latitudinal distance of 1350 km from Bal-
tica, strongly supporting an outboard origin (Corfu et al.

2006). The later stages of deformation (late D1 and D2)
were likely related to the Scandian orogeny and transport
onto Baltica.

Fig. 2. Geological maps of western Finnmark: (a) island of Magerøy, (b) Porsanger peninsula and island of Kvaløy, and (c) island of Sørøy.
From Roberts (1973, 1998) with modifications.
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Sørøy
The northeastern part of the island of Sørøy is underlain

by the Hellefjord Group, dominated by non-fossiliferous tur-
biditic metasedimentary rocks, with local granitic to mafic
intrusive (and volcanic?) rocks. The Hellefjord Group is
positioned at the top of a succession of psammites (Klubben
Group), garnetiferous mica schists (Storelv Group), lime-
stone and calc-silicates (Falkenes Group), and minor graph-
itic and locally kyanite-rich schists (Åfjord Group) (Roberts
1968a, 1968b). The contacts or transitions between these
groups are without obvious structural or stratigraphical dis-
continuities; the Hellefjord Group was, therefore, originally
considered to be Cambrian and in sequence with the under-
lying Klubben, Storelv, Falkenes, and Åfjord units (Roberts
1968b, 1985; Slagstad et al. 2006). Consequently, the intru-
sive gabbros and granites in the Hellefjord Group were re-
garded to be correlatives of the Seiland Igneous Province
(SIP, mainly 570–560 Ma, Roberts et al. 2006, 2010). Re-
cent work, however, has shown that the Hellefjord Group is
equivalent to early Silurian rocks on Magerøy (Kirkland et
al. 2005; Gerber 2006; this study). The bedding of the Hel-
lefjord Group tends to be subhorizontal over most of the
eastern part of the island of Sørøy, but it is folded in steeply
plunging synforms and antiforms with westerly dipping axial
surfaces close to the contact with the older rocks, locally de-
fining overturned folds (Roberts 1968b). The Hellefjord
Group contains sheets of granite and gabbro that have
undergone folding and metamorphism. Conglomerates
mapped near the base of the Hellefjord Group at Langstrand
(Roberts 1968a; Kirkland et al. 2005) are most likely intra-
formational and not basal conglomerates associated with a
major unconformity.

The precise boundary and extent of the Magerøy Nappe
on the island of Sørøy is still undetermined. The contact re-
lationships between the Hellefjord Group and the underlying
rocks in Sørøy must represent some kind of discontinuity,
but its exact nature — unconformity, thrust, extensional
shear zone, or possibly a basin inverted normal fault — re-
mains unknown.

Porsanger peninsula and islands of Hjelmsøy and Kvaløy
Metasedimentary rocks of the Hellefjord Group constitute

the highest tectonic level of the Porsanger peninsula
(Fig. 2b) overlying a set of older nappes (Gayer et al.
1985). The rocks are comparable to those in the Hellefjord
Group of eastern Sørøy, also in terms of the presence of mi-

Fig. 3. (a) Meta-turbidite deposits from the Magerøy Nappe (Jul-
dagnes Group) displaying D1 folds; North Cape (with the ‘‘horn’’)
is visible in the background (view to the northwest). (b) Kobbenes
syenogranitic migmatite (Gjesvær Migmatite Complex) with two
generations of leucosomes, the first parallel to the gneissosity of the
host, the second enriched along crosscutting shear zones. (c) Ros-
sefjell migmatized granitic gneiss with two generations of leuco-
some, one parallel to the main gneissic foliation (running
approximately from left to right in picture) and the other parallel to
the axis of folds that deformed the early foliation (vertical in pic-
ture). (d) Selvika garnet amphibolite in migmatitic gneiss display-
ing flanking structures formed during dextral shearing; this example
is discussed in detail by Grasemann and Stüwe (2001).
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nor sheet-like, deformed, and metamorphosed gabbroic and
granitic intrusives. The dominant secondary structure is a
set of upright open folds similar to the second-generation
large-scale folds on the island of Magerøy (Andersen 1981),
which deform earlier structures, including the north-trending
lineation assigned to orogen-parallel stretching formed dur-
ing late stages of the main thrusting (Roberts 1998; Kirkland
et al. 2006a). The Hellefjord-type flysch deposits are also
spectacularly developed on the southeastern part of the is-
land of Hjelmsøy north of the Porsanger peninsula
(Fig. 1b), where large southeast-verging overturned to re-
cumbent folds are developed in turbidites with metre thick
sandstone layers. The equivalent rocks on the southern part
of the island of Kvaløy (Fig. 2b) consist of a variety of
schists with garnetiferous amphibolites and metagreywackes
(Roberts 1973). Intrusive bodies are not known on Kvaløy
and Hjelmsøy.

Vaddas
Fossiliferous Silurian rocks also occur in the Vaddas area

of eastern Troms (Fig. 1b; Binns and Gayer 1980; Lindahl et
al. 2005). The Ankerlia Formation (Lindahl et al. 2005), a
thick turbidite-dominated succession overlying fossiliferous
marbles, is very similar to the Hellefjord and the Juldagnes
turbidite deposits. These sedimentary rocks are associated
with mafic volcanic rocks and intruded by layered gabbros,
such as the Vaddas metagabbro (Lindahl et al. 2005). The
Halti Igneous Complex south of Vaddas was emplaced be-
tween 438 ± 5 and 434 ± 5 Ma (Vaasjoki and Sipilä 2001;
Andréasson et al. 2003) and is described in detail by Sipilä
(1992). The Halti and Vaddas complexes bear great resem-
blance to the Honningsvåg Intrusive suite, and the Silurian
age supports the correlation of Vaddas with the Magerøy
Nappe. The nature of the country rocks of the Halti Igneous
Complex is, however, contentious. Andréasson et al. (2003)
suggest that it intruded the Kalak Nappe Complex, whereas
Vaasjoki and Sipilä (2001) indicate the presence of a thrust
between Kalak Nappe Complex and the Halti Complex.

Position of Storelv, Falkenes, and Åfjord groups
As already mentioned, the apparently conformable succes-

sion from Klubben Group psammites through Storelv
schists, Falkenes limestones, Åfjord schists, and Hellefjord
turbidites had prompted earlier workers to consider all the
units as being part of the same coherent stratigraphic assem-
blage. The more recent data quoted indicate, however, that
this is not possible because the Klubben psammites are
Grenvillian deposits that have undergone a long tectono-
metamorphic history throughout the Neoproterozoic,
whereas the Hellefjord Group is Silurian. The question then
concerns the affinity of the intervening schists and lime-
stones.

The Storelv Group has been assumed to be a transitional
facies of the Klubben Group, yet these schists are never cut
by any of the SIP or older plutonic bodies. Speedyman’s
(1983) claim that Storelv schists are enclosed in SIP rocks
has been much quoted, but it is most likely just the result
of a misidentification of biotite schists, formed from intense
shearing of syenitic rocks, as Storelv schists (Corfu, unpub-
lished data, 2005). Hence the age of the Storelv schists re-
mains unconstrained.

Based on a comparison of the Sr-isotope composition of
marble with the Neoproterozoic temporal trend of 87Sr/86Sr
in seawater, the Falkenes limestones of Sørøy have been in-
terpreted as Neoproterozoic (760–710 Ma) deposits (Slag-
stad et al. 2006). To our knowledge there are no firm
constraints on the age of the Åfjord unit other than previ-
ously described interfingering between the Falkenes marbles
and the Åfjord metapelites (Slagstad et al. 2006).

In northwestern Sørøy, all these units are infolded in
large-scale, north-trending, broad antiforms and narrow syn-
forms that gradually bend into east-trending structures, only
to bend back again sharply to the north at the contact to the
Hellefjord Group in eastern Sørøy (Fig. 2c; Roberts 1973).
The east-trending segment in the central part of the island
is structurally complex and locally contains tectonic en-
claves of SIP rocks. Although still poorly understood, the in-
volvement of the Hellefjord Group in these structural
developments suggests that this large scale z-structure is a
product of Caledonian events.

U–Pb results

Analytical procedure
The analyses were carried out by using isotope dilution –

thermal ionization mass spectrometry (ID–TIMS) at the Uni-
versity of Oslo following procedures modified from Krogh
(1973, 1982), as described for this lab in greater detail by
Corfu (2004). Blank corrections were 2 pg Pb and 0.1 pg
U. Decay constants are those of Jaffey et al. (1971). Plotting
and age calculations were done with Isoplot (Ludwig 2003).

Gjesvær Migmatite Complex, western Magerøy

Sample A — Elsejordvatn granite gneiss
Sample A represents the porphyritic granitic gneiss that

intrudes quartzites of the GMC (Fig. 2a). Zircon in this
granite displays a wide range of morphologies. One out-
standing group of crystals consist of clear, long prisms that
are partly broken into pieces and characterized by sharp to
smooth crystal edges. Other zircon types include short pris-
matic to equant, variously subrounded grains that can be
clear and transparent or sporadically brown to opaque. Dif-
ferent types of grains were analyzed to test the origin of the
different groups and isolate the true magmatic component
(Table 1). As seen in Fig. 4, the data points are spread over
a large segment of the concordia diagram. The only coherent
and reproducible set of data was obtained from the long
prismatic crystals, whereby one multigrain and four single-
grain analyses define a discordia line with a mean square of
weighted deviates (MSWD) of 0.8, an upper intercept of
967 ± 4 Ma, and a lower intercept of 449 ± 38 Ma. Six
other analyses of euhedral tips, short prismatic to equant
crystals, and one flat subhedral grain all plot to the right of
the discordia line with apparent ages of up to 1890 Ma. Fi-
nally, the analysis of a single, brown, U-rich prism yields a
Caledonian age, plotting together with four analyses of mon-
azite. This group of data exhibits identical 206Pb/238U ages
of about 427 Ma, but a significant variation in 207Pb/235U
and 207Pb/206Pb ages. The reason for this is not understood,
but the fact that the largest variation is shown by the unabr-

Corfu et al. 425

Published by NRC Research Press



426 Can. J. Earth Sci. Vol. 48, 2011

Published by NRC Research Press

Table 1. U–Pb data.

Fraction analysed
Weight
(mg) U (ppm) Th/Ua

Pbc
(ppm)

Pbcom
(pg)b

206Pb
204Pb

c
207Pb
235U

d
2s (abs)d

206Pb
238U

d

A: Elsejordvatn granite gneiss, Gjesvaer Migmatite Complex, western Magerøy (RJR-02-75; N71804’48.2’’, E25826’30.0’’)
Z eu sp b [1] <1 >4885 0.15 1.92 4.1 21811 4.2086 0.0197 0.29104
Z tips [16] 25 271 0.31 0.02 2.5 43896 4.0811 0.0137 0.25468
Z eu eq flat [1] 1 92 0.95 0.6 2421 3.1196 0.0481 0.23777
Z tip [1] 12 258 0.22 0.19 4.5 9233 2.7368 0.0074 0.21562
Z eu eq flat [1] <1 >70 0.22 0.5 1680 1.8717 0.0100 0.17909
Z eu lp-fr [1] 2 190 0.20 2.0 1922 1.5803 0.0100 0.16112
Z eu-sb lp-fr [8] 10 228 0.24 0.00 1.4 15860 1.5627 0.0063 0.15931
Z eu lp-fr [1] 2 581 0.18 2.3 5095 1.5498 0.0060 0.15817
Z eu lp-fr [1] 1 313 0.24 1.1 2832 1.5488 0.0074 0.15794
Z eu eq flat [1] <1 >1565 0.13 2.6 5349 1.3841 0.0069 0.14188
Z eu lp-fr [1] 2 100 0.11 1.1 1456 1.2157 0.0069 0.12929
Z eu sp b [1] <1 >10380 0.00 1.0 43657 0.5248 0.0013 0.06853
M eu eq na [1] 1 9346 4.30 8.7 4609 0.5284 0.0015 0.06859
M eu eq na [1] 2 9621 4.89 18 3410 0.5207 0.0016 0.06846
M eu eq na [1] 2 11335 4.62 4.5 21429 0.5227 0.0013 0.06846
M eu eq na [1] 3 10180 4.32 1.82 7.5 17511 0.5214 0.0012 0.06838

B: Kobbenes syenogranitic leucosome, Gjesvaer Migmatite Complex, western Magerøy (NM04-16; N71805’51.6’’,
E25824’09.1’’)

Z lp [1] 2 71 0.31 0.4 3280 1.6274 0.0068 0.16423
Z tip [1] <1 >175 0.25 1.4 1332 1.6011 0.0109 0.16258
Z tip [1] <1 >280 0.15 2.2 1300 1.5688 0.0094 0.15988
Z tip [1] <1 >120 0.50 1.1 1099 1.5215 0.0101 0.15585

C: Granitic leucosome, Gjesvaer Migmatite Complex, western Magerøy, west of Elsejordvatnet (C04-2; N71805’13.3’’,
E25824’48")

Z sp [5] 3 302 0.20 0.6 10604 1.1168 0.0048 0.11939
Z sp [1] <1 >452 0.07 1.4 1972 0.8333 0.0039 0.09576
Z tip [1] <1 >1828 0.00 3.6 2200 0.5200 0.0020 0.06830

D: Granodioritic pegmatite, Gjesvaer Migmatite Complex, western Magerøy, east of Elsejordvatnet (RJR02-58B; N71804’40.6,
E25827’31.6")

Z tip [1] <1 >3189 0.00 0.6 22110 0.5223 0.0018 0.06843
Z tip [1] <1 >3432 0.00 1.0 14009 0.5202 0.0019 0.06828
Z tip [1] <1 >843 0.01 1.3 2875 0.5220 0.0022 0.06829

E: Sætervatn metagabbro, Hellefjord Group, eastern Sørøy (NM04-3; (N70843’33.4’’, E23818’40.7’’)
Z lp-fr [1] <1 >193 1.34 0.6 1385 0.5384 0.0032 0.07036
Z lp-fr [1] <1 >240 1.32 0.5 2075 0.5360 0.0030 0.07012
Z lp-fr [1] <1 >131 1.41 4.1 160 0.5320 0.0138 0.07002
Z lp-fr [1] <1 >126 1.18 0.4 1315 0.5361 0.0040 0.06977
T y [30] 52 22 3.78 1.25 67 91 0.5215 0.0214 0.06891
T y na [18] 22 25 3.90 1.20 28 102 0.5177 0.0173 0.06867
T y na [6] 30 18 2.95 1.60 50 65 0.4980 0.0323 0.06789

F: Blåvann augen gneiss, Hellefjord Group, eastern Sørøy (C04-16; N70841’26.3’’, E23812’17.9’’)
Z eu lp [6] <1 >524 0.45 5.4 452 0.5425 0.0046 0.07078
Z eu sp [4] <1 >863 0.42 1.3 2912 0.5412 0.0029 0.07050
Z eu tips [5] <1 >337 0.33 1.7 896 0.5403 0.0048 0.07002
Z eu tips [15] 15 200 0.45 0.10 3.5 3771 0.5338 0.0020 0.06972
Z eu lp [32] 25 311 0.33 0.03 2.7 12639 0.5344 0.0019 0.06939
T pb [33] 43 43 0.05 1.42 63 144 0.5265 0.0123 0.06922
T y [39] 63 62 0.06 1.51 97 191 0.5304 0.0092 0.06922

G: Rossefjell migmatized granitic gneiss, Hellefjord Group, eastern Sørøy (NM04-9; Linjevatnet, N70846’13.5’’, E23820’37)
Z eu tips [29] 11 182 0.33 1.39 17 535 0.5532 0.0038 0.07129
Z eu lp-fr [7] <1 >417 0.33 0.3 5473 0.5359 0.0024 0.07006
Z eu lp–sp [21] 16 231 0.27 0.06 3.0 5373 0.5337 0.0018 0.06958
Z eu tips [23] 17 304 0.27 0.11 3.9 5765 0.5286 0.0013 0.06916
Z eu lp-fr [7] 10 258 0.20 0.15 3.5 3195 0.5268 0.0022 0.06885



2s (abs)d rho
207Pb
206Pb

d
2s

206Pb
238U

d
207Pb
235U

d
207Pb
206Pb

d
2s (abs)d Disc. (%)e

0.00133 0.99 0.10488 0.00007 1646.7 1675.7 1712.2 1.2 4.3
0.00082 0.98 0.11622 0.00008 1462.5 1650.5 1898.9 1.2 25.7
0.00361 0.99 0.09516 0.00021 1375.1 1437.5 1531.2 4.2 11.3
0.00054 0.93 0.09206 0.00009 1258.7 1338.5 1468.5 1.8 15.7
0.00069 0.79 0.07580 0.00025 1062.0 1071.1 1089.7 6.6 2.8
0.00088 0.87 0.07113 0.00022 963.0 962.5 961.2 6.4 –0.2
0.00058 0.94 0.07114 0.00010 953.0 955.5 961.5 2.8 1.0
0.00058 0.91 0.07106 0.00012 946.6 950.4 959.2 3.3 1.4
0.00063 0.82 0.07112 0.00020 945.3 950.0 960.9 5.6 1.7
0.00070 0.94 0.07075 0.00012 855.3 882.2 950.3 3.5 10.7
0.00051 0.70 0.06820 0.00027 783.8 807.8 874.6 8.3 11.0
0.00016 0.94 0.05554 0.00005 427.3 428.4 434.1 1.9 1.6
0.00018 0.89 0.05588 0.00007 427.7 430.8 447.5 2.9 4.6
0.00018 0.87 0.05517 0.00009 426.9 425.6 419.0 3.5 –1.9
0.00015 0.93 0.05537 0.00005 426.9 427.0 427.2 2.0 0.1
0.00015 0.94 0.05529 0.00004 426.4 426.1 424.1 1.8 –0.6

0.00056 0.86 0.07187 0.00015 980.2 980.8 982.2 4.2 0.2
0.00085 0.81 0.07143 0.00029 971.1 970.7 969.6 8.2 –0.2
0.00069 0.76 0.07117 0.00028 956.1 958.0 962.3 7.9 0.7
0.00065 0.63 0.07081 0.00036 933.7 939.1 951.8 10.5 2.0

0.00047 0.93 0.06784 0.00011 727.1 761.4 863.8 3.2 16.7
0.00037 0.66 0.06312 0.00023 589.5 615.5 712.1 7.6 18.0
0.00022 0.81 0.05521 0.00012 425.9 425.1 420.9 4.9 –1.2

0.00023 0.96 0.05536 0.00005 426.7 426.7 426.8 2.1 0.0
0.00025 0.95 0.05526 0.00006 425.8 425.3 422.6 2.6 –0.8
0.00019 0.74 0.05543 0.00016 425.9 426.5 429.7 6.2 0.9

0.00026 0.59 0.05550 0.00027 438.3 437.3 432.3 10.7 –1.4
0.00029 0.73 0.05544 0.00021 436.9 435.8 430.0 8.6 –1.7
0.00027 0.38 0.05510 0.00136 436.3 433.1 416.5 54.2 –4.9
0.00034 0.59 0.05573 0.00034 434.8 435.8 441.5 13.5 1.6
0.00037 0.09 0.05488 0.00225 429.6 426.1 407.3 89.0 –5.7
0.00032 0.08 0.05468 0.00183 428.2 423.6 399.2 73.1 –7.5
0.00056 0.07 0.05321 0.00344 423.4 410.4 337.6 –26.3

0.00024 0.48 0.05559 0.00041 440.9 440.1 436.1 16.5 –1.1
0.00032 0.85 0.05568 0.00016 439.2 439.2 439.6 6.3 0.1
0.00031 0.55 0.05597 0.00042 436.3 438.6 451.0 16.5 3.4
0.00023 0.81 0.05554 0.00013 434.4 434.4 433.9 5.0 –0.1
0.00023 0.86 0.05585 0.00010 432.5 434.7 446.5 4.1 3.3
0.00026 0.12 0.05517 0.00128 431.5 429.5 418.9 51.0 –3.1
0.00021 0.16 0.05558 0.00095 431.4 432.1 435.4 37.8 1.0

0.00021 0.41 0.05628 0.00035 443.9 447.1 463.5 13.7 4.4
0.00028 0.90 0.05548 0.00011 436.5 435.7 431.6 4.4 –1.2
0.00020 0.83 0.05563 0.00011 433.6 434.3 437.8 4.2 1.0
0.00016 0.86 0.05544 0.00007 431.1 430.9 429.9 2.9 –0.3
0.00026 0.83 0.05550 0.00013 429.2 429.7 432.3 5.3 0.7
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aded monazite grains suggests that it may be related to some
surface effects.

In summary, the homogeneous subgroup of long prismatic
zircons is inferred to indicate the age of emplacement of the
granite at 967 Ma, whereas the older grains probably repre-
sent xenocrysts derived from the country rocks, or the
source of the granite. The Silurian age indicated by mona-
zite and one zircon prism likely reflects the superimposed
migmatization of the GMC.

Sample B — Kobbenes syenogranitic leucosome
The sampled migmatitic gneiss (Fig. 2a) contains a first

generation of leucosomes parallel to the gneissosity, but these

are folded along flexures, which host a second generation of
leucosomes (Fig. 3b). The latter was sampled for dating.

Zircon generally occurs as colourless variably rounded
grains, locally with complex cores and local internal recrys-
tallization features (Figs. 5a, 5b). There are also a few sim-
ple euhedral prismatic crystals. A single prism, which
initially contained a biotite inclusion that extended along
the c-axis for the entire length of the crystal, yielded a con-
cordant analysis at about 982 Ma (Fig. 4). Three other anal-
yses obtained from single prismatic tips (Fig. 5c) are
concordant to slightly discordant with slightly lower appa-
rent ages, but all four points fit on a common line with in-
tercepts at 982 ± 12 and 704 ± 180 Ma. The three tips alone

Table 1 (concluded ).

Fraction analysed
Weight
(mg) U (ppm) Th/Ua

Pbc
(ppm)

Pbcom
(pg)b

206Pb
204Pb

c
207Pb
235U

d
2s (abs)d

206Pb
238U

d

H: Moskefjell granite gneiss, Hellefjord Group, Porsanger Pensinsula, (RJR-02-88A; N70850’08.8", E24840’09.3’’)
Z eu lp fr [40] 32 318 0.28 0.11 5.5 8595 0.6416 0.0016 0.07422
Z eu lp [16] 4 316 0.38 0.08 2.4 2728 0.5593 0.0029 0.07206
Z tip HA–HT [1] 9 234 0.29 0.00 1.9 4766 0.5361 0.0025 0.06998
Z tip LA–LT [1] 13 229 0.31 0.00 2.0 6676 0.5324 0.0021 0.06962
Z eu lp [26] 14 360 0.20 0.76 13 1745 0.5314 0.0026 0.06951
Z eu lp fr [26] 33 431 0.33 2.66 90 700 0.5261 0.0028 0.06878

I: Pegmatite intruding Moskefjell granite gneiss, Hellefjord Group, Porsanger pensinsula (RJR-02-88B; N70850’08.8@,
E24840’09.3@)

Z eu lp fr b [1] 2 1906 0.01 6.8 2424 0.5249 0.0021 0.06876
Z eu lp fr b [1] <1 >7410 0.00 2.7 11903 0.5241 0.0024 0.06859
Z eu lp fr b [1] 2 7141 0.01 5.1 11979 0.5241 0.0026 0.06848
Z eu lp fr b [1] <1 >4700 0.00 0.5 41051 0.5230 0.0017 0.06847
Z eu lp fr b [1] <1 >11070 0.01 1.8 26148 0.5200 0.0021 0.06807

J: Selvika garnet-amphibolite, base of Hellefjord Group, Storbukta in SelvikaPorsanger peninsula (RJR-02-089A;
N70855’13.1@, E24837’43.6@)

T le pb na [>50]f — — 0.83 — 1525 47.63 0.541 0.029 0.06876
T eu-sb le pb [40]f 19 28 1.38 4.54 87 44.79 0.497 0.025 0.06869
T eu-sb pb [>50]f — — 1.26 — 2159 49.22 0.507 0.018 0.06851
T fr pb [15]f 73 37 1.01 4.64 337 52.77 0.519 0.016 0.06815

K: Grøtnes garnet–biotite-amphibolite, base of Hellefjord Group, Kavløya (RJR-02–24A; N70834’14.2", E23841’48.1")
T fr pb na [17]g 140 5.1 0.72 3.59 502 24.45 0.55 0.08 0.06873
T fr b [>50]g — — 0.72 — 1202 23.84 0.52 0.12 0.06872

L: Garnet–mica schist, Storelv Group, northwestern Sørøy, road near Einstabben (RJR-02-38; N70836’11.1", E22803’31.1")
Z eu lp [1] <1 >32 0.96 1.3 302 2.0562 0.0364 0.18774
Z eu lp [1] <1 >39 0.32 0.7 559 1.6944 0.0184 0.16332
M sb sp g-in na [1] <1 >1106 10.16 4.8 1043 0.5323 0.0033 0.07026
M sb-an le g-in [1] <1 >826 11.40 11 336 0.5363 0.0058 0.06964
M sb sp g-in na [1] <1 >1190 9.17 2.1 2437 0.5276 0.0029 0.06956
M sb-an le g-in [1] <1 >777 8.35 4.6 738 0.5224 0.0045 0.06835

M: Calc-silicate, Falkenes Group, northwestern Sørøy, Breidvik tunnel (RJR-02-39D; N70836’03.5’’, E22807’43.6")
T fr b [10] 255 77 0.41 2.55 652 147.1 0.524 0.012 0.06840
T fr b [>50] — — 0.44 — 776 124.1 0.490 0.020 0.06733

Note: Grains: Z, zircon; M, monazite; T, titanite. Characteristics: an, anhedral; b, brown; eq, equant; eu, euhedral; fr, fragment; g-in, graphite inclusions;
aModel value calculated from 208Pb/206Pb ratio and the age of the sample.
bTotal common lead, including analytical blank and initial common lead in the sample.
cCorrected for spike contribution and fractionation.
dCorrected for spike contribution, fractionation, blank (lab average: 6/4 = 18.3 (2%), 7/4 = 15.555 (1%), 8/4 = 2.056 (2%)) and initial common lead (as

include the uncertainty of the spike estimated of <0.2% based on calibration with various refernce solutions).
eDegree of discordance.
fPbc (common Pb) in sample RJR-02-89A corrected with initial isotopic composition of hornblende: 206Pb/204Pb = 18.786 (0.26%), 207Pb/204Pb = 15.648
gCommon Pb in sample RJR-02-24A corrected with initial isotopic composition of hornblende: 206Pb/204Pb = 18.305 (0.13%), 207Pb/204Pb = 15.615
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2s (abs)d rho
207Pb
206Pb

d
2s

206Pb
238U

d
207Pb
235U

d
207Pb
206Pb

d
2s (abs)d Disc. (%)e

0.00017 0.92 0.06269 0.00006 461.6 503.3 697.7 2.1 35.1
0.00031 0.83 0.05629 0.00016 448.6 451.1 463.8 6.4 3.4
0.00030 0.80 0.05556 0.00016 436.1 435.8 434.7 6.3 –0.3
0.00024 0.89 0.05547 0.00010 433.8 433.4 431.1 4.0 –0.6
0.00021 0.76 0.05544 0.00018 433.2 432.7 430.1 7.3 –0.7
0.00019 0.54 0.05548 0.00025 428.8 429.2 431.7 9.9 0.7

0.00023 0.73 0.05536 0.00016 428.7 428.4 427.0 6.2 –0.4
0.00030 0.98 0.05542 0.00005 427.7 427.9 429.1 2.1 0.3
0.00033 0.99 0.05551 0.00004 427.0 427.9 432.7 1.7 1.4
0.00021 0.97 0.05539 0.00004 426.9 427.1 428.1 1.7 0.3
0.00026 0.98 0.05541 0.00004 424.5 425.2 428.8 1.5 1.0

0.00047 0.57 0.0570 0.0029 428.7 439 13.5
0.00032 0.62 0.0525 0.0025 428.2 410 –41.0
0.00023 0.57 0.0537 0.0018 427.2 417 359 74 –19.5
0.00026 0.48 0.0553 0.0016 425.0 425 423 64 –0.5

0.00063 0.79 0.0583 0.0085 428.5 447 21.4
0.00092 0.95 0.055 0.012 428.4 428 7.2

0.00101 0.48 0.07944 0.00126 1109.1 1134.4 1183.0 30.9 6.8
0.00080 0.56 0.07524 0.00068 975.2 1006.4 1075.0 18.1 10.0
0.00025 0.72 0.05495 0.00024 437.7 433.4 410.2 9.8 –6.9
0.00027 0.42 0.05585 0.00055 434.0 436.0 446.4 21.8 2.9
0.00027 0.78 0.05500 0.00019 433.5 430.2 412.3 7.7 –5.3
0.00036 0.54 0.05543 0.00040 426.2 426.8 429.8 16.1 0.9

0.00028 0.14 0.0556 0.0013 426.5 428.1 437 50 2.4
0.00085 0.31 0.0528 0.0021 420.1 404.8 318 86 –33.0

lp, long prismatic; na, non-abraded; pb, pale brown; sb, subhedral; sp, short prismatic; y, yellow.

calculated from Stacey and Kramers (1975), using uncertainties of 2% for 6/4 and 8/4 and 1% for 7/4), errors reported at 2s (do not

(0.19%) (0.4 ppm U and 6.19 ppm initial Pb).
(0.19%)(0.011 ppm U and 2.72 ppm initial Pb).

can be fitted on a line to 425 Ma, the age of the superim-
posed Silurian migmatization, yielding 966 ± 8 Ma, which
is identical to the age of the granite gneiss (sample A).
Thus, the older age of 982 Ma of the single prisms may in-
dicate an origin during the initial migmatization event,
whereas the tips represent zircon grown in the second leuco-
somes. Apart from these secondary questions, the data
strongly support a Grenvillian age of the leucosome at this
location.

Sample C — granitic leucosome
Sample C represents a discrete leucosome vein, 1–5 cm

wide, with a geometry controlled by the steep, westward-

striking gneissosity of the host migmatite. Tight centimetre-
scale isoclinal folds affect both the leucosome and the host
gneiss. Zircon occurs mainly as colourless, euhedral, short
prismatic crystals, generally containing euhedrally zoned
cores bordered by rims with broader growth zoning
(Figs. 5d–5f). There are also some simpler prisms (Fig. 5g).
The analysis of a single prismatic tip gives a concordant age
of 425.5 ± 1.3 Ma, whereas those of stocky prisms plot dis-
cordantly and can be projected towards upper intercept ages
of about 958 and 1009 Ma, indicating inheritance from the
Grenvillian granite–migmatite complex (Fig. 4). The con-
cordant age of the tip at 425.5 Ma is taken as the age of the
leucosome crystallization.
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Fig. 4. Concordia diagrams with the U–Pb data for zircon and monazite for samples of the Gjesvær Migmatite Complex. Data are given in
Table 1 and discussed in the text. Uncertainties represent 2s. MSWD, mean square of weighted deviates.
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Sample D — pegmatite
Sample D from the *4 m wide pegmatite has a grano-

dioritic composition and intrudes psammites at a shallow an-
gle relative to the relict sedimentary bedding. Zircon occurs
dominantly as prisms characterized by brown terminations
surrounding clear cores. Three analyses were performed on
single brown prismatic overgrowths, which are rich in U
(>840–3430 ppm) but yield concordant data defining a con-
cordia age of 425.9 ± 0.7 Ma (MSWD = 0.47; Fig. 4).

Magerøy Nappe, eastern Sørøy

Sample E — Sætervatn metagabbro
The Sætervatn metagabbro occurs as a lens in the metase-

dimentary host (Fig. 2c). It has retained most of its igneous
texture, although hornblende clusters (after pyroxene) are
partially aligned and elongated creating a north–south folia-
tion dipping 108W. The sampled body is one of several
metagabbros present in the Hellefjord Group that were orig-
inally regarded as sheared and tectonically emplaced equiv-
alents of the Storelv gabbro of the SIP (Roberts 1968b).

Zircon occurs as euhedral prisms, mostly of poor quality
with surface pitting and fractures. Four single-crystal analy-
ses yielded overlapping concordant data defining a concor-
dia age of 436.7 ± 0.8 Ma (MSWD = 1.8; Fig. 6). The
slight spread of the data suggests that there could be a slight
amount of Pb loss, but omission of the lowermost point
from the calculation does not change the age in any consid-
erable way.

Titanite is associated with hornblende and occurs as elon-
gate aggregates of subhedral crystals parallel to the foliation.
Three fractions of inclusion-free titanite indicate low U con-

tents (18–25 ppm) and very high-Th/U ratios (2.95–3.90).
The three data points define a concordia age of 427.8 ± 2.7
Ma (MSWD = 1.7; Fig. 6), which is taken to indicate the
age of formation of the fabric in the gabbro.

Sample F — Blåvann augen gneiss
Sample F represents a folded and metamorphosed body of

garnetiferous hornblende syenogranite augen gneiss display-
ing sharp contacts against metasedimentary rocks of the Hel-
lefjord Group. Zircon occurs as colourless simple euhedral
prisms. They display predominantly regular growth zoning
when viewed in cathodoluminescence (CL) with only rare
evidence of cores, but commonly with recrystallized tex-
tures, which partially obliterate oscillatory growth zones
(Figs. 5h–5i). Titanite occurs both as euhedral and anhedral
crystals, light yellow to pale brown in colour. Euhedral ti-
tanite found as inclusions in biotite may be primary mag-
matic in origin, whereas subhedral and anhedral titanite
crystals occurring as inclusions in or in lenticular aggregates
along the edges of hornblende appear to be metamorphic
(Corfu and Stone 1998).

Five U–Pb analyses were performed on fractions of euhe-
dral zircon tips, and on both short and long prismatic zircon
crystals. Four of the analyses are concordant within error,
but they are spread along the concordia curve between
*442 and 433 Ma (Fig. 6). The fifth point is slightly dis-
cordant with an older 207Pb/206Pb age of 447 ± 4 Ma. There
is no apparent correlation between crystal morphology and
discordancy or age. The spread of the data could be caused
by a combination of inheritance of older zircon and disper-
sion through Pb loss and (or) the growth of metamorphic
zircon. The possibility of having inheritance is probably mi-

Fig. 5. Cathodoluminescence images for zircon in samples B, C, F, and G. The specific features are discussed in the text during the data
presentation. White scale bars = 20 mm.
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nor because zircon cores are very subordinate in this popula-
tion and the analyses were done on crystals with the least
potential of having cores. The observation of local recrystal-
lization (Fig. 5i) favours instead partial resetting. The oldest
concordant data point at 440.9 ± 1.5 Ma is, therefore, con-
sidered to most closely approach the age of intrusion.

Two analyses of light yellow and pale brown anhedral ti-
tanite fractions overlap, indicating a concordia age of
431.4 ± 1.1 Ma, which likely dates a post-intrusion meta-
morphic event.

Sample G – Rossefjell granitic gneiss
Sample G is from coarse-grained (2–12 mm), migmatized

garnet–biotite granite gneiss. The degree of deformation
varies throughout the body, some parts showing a strong
gneissic foliation and medium grain size, whereas others are
only weakly deformed and coarse grained. Isoclinal folding
is present on a centimetre scale. Where the rock is strongly
gneissic, coarsely crystalline leucosomes (3–20 cm long) run
both parallel and oblique to the foliation, the latter pooling
in the fold axes (Fig. 3c). By contrast, in the less well-foli-
ated rocks, the leucosomes are short (2–4 cm) and poorly
defined. Adjacent to the gneiss, the Hellefjord sedimentary
rocks have undergone partial melting, a feature that is not
seen farther away from the gneiss.

Zircon in both the gneiss and leucosomes occurs domi-
nantly as colourless euhedral simple prisms with simple
growth zoning (Figs. 5j–5l). Cores, some retaining primary
regular zoning bordered by a CL-bright rim (Fig. 5m), are
seen by CL in short prismatic, but not in long prismatic, eu-
hedral prisms. Local recrystallization textures partially or
wholly replace regular growth zoning (Figs. 5n, 5o).

Five analyses were performed on zircon fractions of tips,
broken prisms, and whole prisms. Four of them plot con-
cordantly but spread along the concordia curve between 436
and 429 Ma (Fig. 6). The fifth point is discordant with an
older 207Pb/206Pb age of 464 ± 14 Ma, indicating the pres-
ence of some inheritance. A line through this analysis and
the uppermost concordant data point projects toward 1390
Ma, indicating a Mesoproterozoic age of the xenocrysts.
The pattern defined by the four concordant analyses is very
similar to that shown by zircon from the augen gneiss and,
given their further similarity in the CL patterns, we follow
the same reasoning, suggesting that the age of 437.9 ±
2.2 Ma of the uppermost analysis best approximates the
time of emplacement of the granitic protolith, whereas the
spread of the data indicates the superimposed anatexis and
new growth, the lowermost data point giving about 430 Ma.

Magerøy Nappe, Porsanger peninsula, and island of
Kvaløy

Sample H — Moskefjell granite gneiss
The Moskefjell granite gneiss forms a thin (10–20 m),

gently bowl-shaped sheet that outcrops as a continuous ring
around the hills (Fig. 2b; Roberts 1998). It lies at a higher
structural level than the Bakfjord granite investigated by
Kirkland et al. (2005), but it has similar features, such as a
strong lineation (locally an L-tectonite), a biotite-rich ma-
trix, and stretched, centimetre-sized feldspar megacrysts.

The zircon population from sample H consists of euhedral

Fig. 6. Concordia diagrams with the U–Pb data for zircon and tita-
nite for samples E, F, and G of eastern Sørøy. Uncertainties repre-
sent 2s.
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crystals ranging in shape from short prismatic to long pris-
matic. Cores are evident in the short prismatic grains both
under a binocular microscope and by CL. Analyses were
carried out on long prismatic crystals and tips to avoid the
inheritance, but two fractions of long prisms contained
nevertheless some old components. The other four analyses
are concordant but show a spread in apparent ages that
likely reflects younger Pb loss but perhaps also some effects
from a metamorphic overprint (Fig. 7). The concordia age of
435.9 ± 1.7 Ma of the uppermost data point is considered as
the closest estimate for the time of intrusion of the body.

Sample I — pegmatite in Moskefjell granite
The pegmatite intrudes the metasedimentary country rock

and locally the Moskefjell granite gneiss. It is essentially un-
deformed and consists predominantly of quartz and feldspar.

Zircon in sample I consists of brown euhedral prisms very
rich in U and with very low Th/U, typical for zircon in this
rock type. The analyses are concordant to marginally dis-
cordant (Fig. 7). The four analyses with the highest 206Pb/
238U ratios yield a concordia age of 427.8 ± 1.6 Ma. Be-
cause of the high U content of these zircon grains, and
hence the higher chance of Pb loss, we prefer the upper in-
tercept age of 428.6 ± 1.0 Ma of a discordia line defined by
four of the analyses and 0 Ma.

Sample J — Selvika garnet amphibolite
Sample J represents a migmatitic garnet amphibolite layer

located approximately at the base of the Hellefjord Group
(Fig. 2b). The layers are enclosed in migmatitic gneiss, are
folded, and display locally spectacular flanking structures
(Fig. 3d), and at this location, they underlie granitic and
gabbroic plutons, likely belonging to the Early Silurian gen-
eration. The garnets stand out because of their abundance
and large size (1–2 cm). The few zircon grains found in the
sample are very metamict and turbid, and thus unsuitable for
dating. Titanite is abundant, generally occurring as pale
brown lensoidal grains. They contain 30–40 ppm U and a
relatively high initial common Pb content of ca. 4.5 ppm.
Corrected with the common Pb composition of coexisting
amphibole the four titanite analyses define a concordia age
of 427 ± 3 Ma (Fig. 7).

Sample K — Grøtnes garnet amphibolite
A biotite-rich garnet amphibolite (sample K) was also col-

lected on the island of Kvaløy from units lying in a similar
position as sample J, near the lower boundary of the Hellef-
jord Group (Fig. 2b). The sample contained almost no zir-
con, but some analyses were done on titanite, using the
initial Pb in coexisting hornblende for the correction. The
two titanite analyses yield a concordia age of 428.1 ± 1.6 Ma
(Fig. 7).

Storelv and Falkenes groups, Western Sørøy

Sample L — garnet–mica schist, Storelv schist
Sample L is an intensely crenulated garnet–biotite–mus-

covite schist representing the Storelv Group (Fig. 2c). The
sparse zircons appear to be mostly original detrital grains,
locally with thin clear overgrowths. An attempt to date these
grains was made using some of the most elongated, euhedral
to anhedral prisms, but the two analyses (Table 1, not plot-

ted) both yielded late Mesoproterozoic ages, indicating a
pre-metamorphic origin. Monazite is abundant, occurring as
subhedral to anhedral oblate grains, mostly riddled with
graphite inclusions. The analyses of four grains are concord-
ant or reversely discordant but show a spread (Fig. 7). The
highest point has a 207Pb/235U age of 433.4 ± 2.2 Ma, whereas
the lowest one has a corresponding age of 427 ± 3 Ma. It is
possible that the two ages date distinct metamorphic
events, i.e., the main fabric forming and the superimposed
folding events, but further tests would be needed to con-
firm this interpretation. At first approximation, the ages
provide a strong argument that the schist was metamor-
phosed during the Caledonian orogeny rather than during
earlier events.

Sample M — calc-silicate, Falkenes Group
Sample M is from a calc-silicate rock of the Falkenes

Group, which together with the Åfjord schist is infolded in
a steep and narrow syncline (Fig. 2c). The rock contains
abundant titanite, one analysis providing a concordia age of
426.6 ± 1.7 Ma (Fig. 7). The second one is slightly younger
but much less precise.

Interpretation

Relationships of the Gjesvær Migmatite Complex to
other elements of the Kalak Nappe Complex

The GMC represents a doubly migmatized gneiss terrane.
The 967 ± 4 Ma zircon age for the Elsejordvatn porphyritic
granite gneiss (sample A) proves the Precambrian origin
previously inferred from the high 87Sr/86Sr initial ratio
(Ramsay and Sturt 1976; Andersen et al. 1982). The impor-
tant modification of the earlier interpretation is that the mig-
matization is not Finnmarkian but Sveconorwegian–
Grenvillian. The granite intrudes quartzites and calc-silicates
related to the Klubben psammites. The xenocrystic zircons
found in the granite are probably contaminants derived from
the metasedimentary country rocks, and, although no sys-
tematic dating of the xenocrysts has been done, the available
data point to a dominant Mesoproterozoic to late Paleopro-
terozoic provenance of the detritus. The second generation
leucosome sampled at Kobbenes (Figs. 3b, 4) appears to be
coeval with the granite at 966 ±8 Ma, the interpretation im-
plying that the ca. 982 Ma prism in this sample is a product
of the first leucosome generation. These relationships sup-
port an identity of the supracrustals within the GMC with
rocks below the Magerøy Nappe in Hjelmsøy and with the
Sværholt Succession of Kirkland et al. (2007b, 2008b). The
Sværholt Succession was deposited between 1030–1000 and
980 Ma, the age of crosscutting granitic bodies (Kirkland et
al. 2008b). Unlike the psammites in the Sværholt regions
east of Magerøy (Fig. 1b), the GMC and Hjelmsøy psam-
mites exhibit evidence of widespread migmatization at 980–
960 Ma, suggesting that these more westerly segments origi-
nated from a similar but deeper level of the Proterozoic
crust. There are no indications of Paleoproterozoic or Ar-
chean elements in the GMC, testifying to its origin away
from northern Baltica. Moreover, there is also no convincing
evidence of late Neoproterozoic activity, distinguishing the
GMC from the ‘‘Upper Nappes’’ of the Kalak Nappe Com-
plex.

Corfu et al. 433

Published by NRC Research Press



Fig. 7. Concordia diagrams with the U–Pb data for zircon and titanite for samples from the Porsanger peninsula. Uncertainties represent 2s.

434 Can. J. Earth Sci. Vol. 48, 2011

Published by NRC Research Press



Contact relationships between the Gjesvær Migmatite
Complex and the Magerøy Nappe

The interface between the GMC and the overlying
Magerøy Nappe is characterized by mylonitization that oc-
curred during late stages of the first deformation phase af-
fecting the Magerøy Group. The deformation along the
contact is intense, but without obvious kinematic indica-
tors, suggesting that a near coaxial deformation rather than
large-scale simple shear was important. The deformation
disrupted migmatitic veins in the GMC. The contact was
interpreted as a thrust by Ramsay and Sturt (1976). An al-
ternative is an extensional shear zone, as it brings the Si-
lurian Magerøy Supergroup into contact with the
underlying and much older GMC. Kjærsrud (1985) dis-
cussed the hypothesis that the GMC may be a metamor-
phic core complex. There is indeed an increase in
metamorphic grade from east to northwest in Magerøy
(Andersen 1984b), but no abrupt metamorphic change
across the interface between the Silurian and the Precam-
brian rocks, as expected for upper and lower plate relation-
ships in core complexes. Moreover, there is no concrete
evidence that the GMC actually underwent the same early
Silurian metamorphism as the Magerøy Supergroup, in
contrast to the Middle–Late Silurian metamorphic over-
print, which is recorded in both units and caused local re-
migmatization in the GMC. The Sr-isotope homogenization
that took place 2 to 3 km structurally below the contact
with the Silurian rocks was complete, as indicated by the
good fit of the 410 ± 28 Ma Rb–Sr whole-rock isochron
(Andersen et al. 1982), which was calculated from 14 sam-
ples from sites separated by several hundred metres on an
island north of Gjesvær (Fig. 2a). At higher structural lev-
els within the GMC, such as at Elsejordvatn, there are lo-
cal leucosome veins crosscutting the 967 Ma granite and
the tightly folded migmatites. These crosscutting veins are
probably related to the Silurian monazite and the youngest
zircon seen in sample A, as well as to the granodioritic
pegmatite (sample D) dated at 425.9 ± 0.7 Ma.

The Magerøy Nappe and the Kalak Nappe Complex
outside Magerøy

The results from this study complement those previously
reported by Kirkland et al. (2005, 2006a, 2007a) showing
that the Hellefjord Group is Silurian and the outliers or klip-
pen on the islands of Sørøy, Kvaløy, and Hjelmsøy and on
the Porsanger peninsula are correlatives of the fossiliferous
succession in Magerøy (Corfu et al. 2006). The new results
include Early Silurian ages of 436.7 ± 0.8 Ma for metagab-
bro, 440.9 ± 1.5 Ma for augen gneiss, 437.9 ± 2.2 Ma for
the granitic gneiss on eastern Sørøy, and 435.0 ± 1.7 Ma
for the Moskefjell granite gneiss on Porsanger. The subse-
quent metamorphic overprint is recorded by titanite
(427.9 ± 2.7 and 431.4 ± 1.1 Ma), apparently also by zircon
(429.5 ± 1.4 Ma) in sample G, and partially in sample F of
eastern Sørøy. The event is reflected by the Moskefjell peg-
matite (sample I, 428.6 ± 1.0 Ma) and a possible resetting of
zircon in the host granite (sample H). The titanite ages of
427 ± 3 and 428.1 ± 1.6 Ma in the garnet amphibolites of
Porsanger and Kvaløy, respectively, indicate metamorphic
crystallization (or recrystallization) during the same event.
The younger period is also recorded by pegmatite formation

and local migmatization in the GMC (Fig. 4) and in the Ka-
lak Nappe Complex units of eastern Sørøy, whereas it ap-
pears to have had much weaker effects in other parts of the
complex where it is only recorded by mica (Kirkland et al.
2007a).

The Storelv Group was considered to represent a gradual
transition from the Klubben psammites (Kirkland et al.
2005; Slagstad et al. 2006). The fact that those schists are
never cut by the SIP (although there are claims to the con-
trary by Speedyman (1983)) suggests, however, that they
may also be considered an independent succession, possibly
even of Paleozoic age. The ages of monazite and titanite of
between about 433 and 426 Ma in the Storelv schists and
the Falkenes calc-silicates of western Sørøy suggest that
these units were only metamorphosed in the Silurian and
did not undergo the more complex history recorded in the
underlying Klubben psammites and the Eidvågeid gneisses.
As a comparison, titanite preserves primary ages of about
570 Ma in carbonatite at Breivikbotn, not far from the loca-
tion of samples L and M in eastern Sørøy (Fig. 2c; Roberts
et al. 2010).

Early magmatism, deformation, and metamorphism at
around 440–435 Ma are, thus, only recorded in the Magerøy
Nappe. These processes imply a simultaneous combination
of extension and contraction, which could be caused, for ex-
ample, by ridge subduction during plate convergence, paleo-
magnetic data indicating that this occurred outboard of
Baltica (Corfu et al. 2006). By contrast, the later deforma-
tion and metamorphism in the middle Silurian, from 430 to
425 Ma, affected to various degrees all the nappes in Finn-
mark, implying that they were in the process of being juxta-
posed at that time, during the final closure of all oceanic
basins between Baltica and Laurentia. The Barrovian meta-
morphism in the Magerøy Nappe continued into the middle
Silurian as demonstrated by this study and by Kirkland et al.
(2007a, 2008a, 2009), eventually also affecting the underly-
ing rocks (see also Gayer et al. 1985). These events were
succeeded by retrograde metamorphism associated with
large-scale upright folding of the amalgamated nappe stack,
and they may have lasted into the early Devonian, as sug-
gested by 40Ar/39Ar ages interpreted as cooling as late as
404 ± 4 Ma (Kirkland et al. 2007a).

A major distinction between the parts of the Magerøy
Nappe in Magerøy and Hjelmsøy and the correlative klippen
in Porsanger, Sørøy, and Vaddas is that the former are juxta-
posed onto the Grenvillian Sværtholt Succession of the
‘‘Lower Nappes,’’ whereas the latter lie on, and are in part
infolded in, the Neoproterozoic ‘‘Upper Nappes.’’ In contrast
to the well-defined high-strain boundary between the Mage-
røy Nappe and the GMC, on Sørøy this contact has more the
character of a zone of imbrication with local mixing, shear-
ing, and folding of Kalak Nappe Complex basement slivers,
schists, and limestones of the Falkenes and Åfjord groups.
This zone of imbrication continues westward in the region
between Langstrand and Dønnesfjord (Fig. 2c). Discrete
shear zones decorated by Neoproterozoic to Silurian (?)
sedimentary rocks are also found within the Kalak Nappe
Complex, for example along the northern flank of the
Husfjord Igneous Complex (Corfu, unpublished observa-
tions, 2005).
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Origin of nappes and paleogeographic implications
The geological composition and history of the Silurian

successions and the associated magmatic rocks in the Mage-
røy Nappe suggest that they formed in an arc or back-arc
setting associated with extension or transtensional tectonics.
Occurrences of metamorphic and igneous clasts (Ramsay
and Sturt 1970) in conglomerates in the thick (>5.5 km) Si-
lurian basin-fill of Magerøy, as well as in the Vaddas area
(Lindahl et al. 2005), indicate that the sediments were
sourced from a mature arc or perhaps more likely from a
continental provenance area, perhaps the Kalak Nappe Com-
plex. A detailed documentation of the provenance of the Si-
lurian sediments has not yet been carried out. The tectonic
history records a rapid change from basin(s) formed by ex-
tension or transtension with rapid subsidence accompanied
by intrusive magmatic activity, to a stage of contraction and
deformation associated with doubly vergent recumbent folds
and metamorphism in the Early Silurian (Andersen 1981;
Corfu et al. 2006).

The hypothesis of a normal-sense shear zone or fault im-
plies that the Magerøy Supergroup was deposited in the vi-
cinity of the GMC basement complex. The lack of any
evidence of Early Silurian intrusive activity in the Kalak
Nappe Complex requires that mantle-derived magmas only
intruded the turbidites of the Magerøy Nappe and that these
evolved in restricted basins. A second problem with this hy-
pothesis is the fact that the Magerøy Nappe overlies both the
‘‘Lower Nappes’’ of the Kalak Nappe Complex (on Mage-
røy) and the ‘‘Upper Nappes’’ (on Sørøy, Porsanger, and
Vaddas). This could be a function of the length of the
nappes. If the Magerøy Supergroup – Hellefjord Group
were deposited in the same basin close to continental crust,
then the Kalak Nappe Complex must already have been a
coherent unit comprising both the Upper and Lower Nappes
by this time. The paleomagnetic evidence indicating that the
Magerøy Nappe had formed in an equatorial position and at
least 1350 km off its present location on Baltica (see discus-
sion in Corfu et al. 2006) implies then that the two basement
components (Grenvillian and Neoproterozoic) must have
been together by about 440 Ma.

An alternative explanation is that the extreme similarities
between Magerøy Supergroup on Magerøy and the
Hellefjord Group elsewhere are just coincidental, implying
that similar but very distant basins evolved along strike as a
result of increased speed of subduction along the Laurentian
margin in the final stages of closure of the Iapetus Ocean.

Yet another explanation is that the Magerøy Nappe did
not form close to a continental basement corresponding to
the Kalak Nappe Complex, and thus their provenances can
be considered separately. The latter hypothesis requires that
the Magerøy Nappe must have been obducted onto the Ka-
lak Nappe Complex. The geometry of the interface between
the nappes on Sørøy could perhaps support such a mecha-
nism.

How did the nappes of Finnmark get to Baltica and
where is the suture?

As summarized in the introduction, and discussed more
extensively elsewhere, there are important arguments that
support an exotic origin of the Kalak Nappe Complex (e.g.,
Corfu et al. 2007; Kirkland et al. 2008b). Such an origin,

however, raises the question as to why there is no typical
suture, in the form of relicts of the consumed intervening
oceanic crust, at the interface between outboard Kalak
Nappe Complex and parautochthonous Laksefjord and
Gaissa nappes, or indeed along any other major tectonic
contacts in the Caledonides of Finnmark. How can blocks
of continental material and overlying Silurian basins get ac-
creted to Baltica without an obvious oceanic suture?

The belt-long Scandian continental collision commenced
in the latest Llandovery and continued for *30 million
years. The central and southern parts of the Caledonian belt
record deep Silurian to Devonian continental subduction,
crustal thickening, nappe translation, and development of a
foreland molasse basin into the early Devonian (e.g., Ander-
sen et al. 1991; Fossen and Dunlap 1998; Tucker et al.
2004; Hacker and Gans 2005). By contrast, the northern Ca-
ledonides bear no evidence of having undergone either high-
pressure metamorphism or widespread extension and fore-
land sedimentation during this period.

This strong coincidence in the timing of closure along the
entire orogen, but the different mode of docking, can prob-
ably be explained by large-scale continental transform and
strike-slip displacements bringing these exotic complexes
near the margin of Baltica prior to the final convergence.
This may be the explanation for both the lack of a suture
and of the symptoms of continental collision in the Finnmar-
kian Caledonides (Fig. 8). Large sinistral strike-slip move-
ments are indeed an important element in the Caledonides;
their kinematics and movement history are a matter of de-
bate, but it is well established that large-scale sinistral
strike-slip had started already in the Late Silurian and con-
tinued into the Middle Devonian (e.g., Dewey and Strachan
2003; Osmundsen and Andersen 2001).

A model of Cordilleran tectonics for the Arctic Caledo-
nides can also explain the origin of the Seve nappe, as well
as that of the disrupted terranes in Svalbard and East Green-
land.

The Seve Nappe, which extends along the Caledonides
from middle Norway and probably links up to the Kalak
Nappe Complex (Andréasson et al. 1998), is quite distinct
from the underlying Baltic Shield, in terms of its record of
Neoproterozoic magmatism and metamorphism (e.g.,
Paulsson and Andréasson 2002) and also the local occur-
rence of eclogites recording two high-pressure metamor-
phic events at 482 Ma in Norrbotten and 446 Ma in
Jämtland (Root and Corfu 2009) are recorded neither in
the northern Baltic Shield nor in the Kalak Nappe Com-
plex but can easily be explained within the context of the
Ordovician convergence events that affected the Laurentian
margin. The analogies between Seve and Kalak, and at the
same time the considerable variations along strike, suggest
that this was a composite ribbon superterrane. Some parts
probably rifted from Laurentia in the Ediacaran, as sug-
gested by the age of 608 ± 1 Ma for the Sarek Dyke
Swarm in the Seve nappe (Svenningsen 2001), which re-
cords coeval extensional processes as seen in Laurentia
and Baltica (e.g., Kamo et al. 1989; Bingen et al. 1998).
Conversely, the SIP in the Kalak Nappe Complex formed
mainly at 570–560 Ma, around the same time as rift-re-
lated intrusions along the Laurentian margin (e.g., Kamo
et al. 1995; Miller and Barr 2004).
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The association of Mesoproterozoic psammites and Gren-
villian granitoids in the Kalak Nappe Complex, and specifi-
cally in the ‘‘Lower Nappes,’’ also compares with the
situation in the thick-skinned nappes of the East Greenland
Caledonides (Kalsbeek et al. 2000) and with Nordaustlandet

of Svalbard (Gee and Teben’kov 2004; Johansson et al.
2005; Myhre et al. 2008). Potential equivalents of the
‘‘Upper Nappes’’ are not found in northeast Svalbard or
eastern Greenland, but are apparently present in rocks of
southeastern Svalbard (Majka et al. 2008).

Fig. 8. Schematic illustration of potential source regions and emplacement mechanisms of the Kalak Nappe Complex (a part of the Seve–
Kalak Superterrane) and the Magerøy Nappe. (a) In this option the Kalak Nappe Complex is interpreted to have been the original basement
on or near which the Magerøy rocks were formed in the earliest Silurian, as an accretionary prism intersected by a subducting oceanic ridge
(to explain the bimodal magmatic suite and rapid heating of the sediments) or in the thinned extended crust of a back-arc basin. The posi-
tion of Magerøy in an equatorial position is based on paleomagnetic evidence (Torsvik et al. 1992; Corfu et al. 2006). Gradual closure of
Iapetus Ocean during convergence of Baltica towards the stationary Laurentia is interpreted to have involved a regime of sinistral strike-slip
faults that transported terranes from the peri-Gondwanan and southern Laurentian margin, including parts of the Taconic orogen (e.g., Seve
eclogites) to lower latitudes. (b) Alternative interpretation, which considers the contact between the Kalak and Magerøy nappes to be en-
tirely tectonic. In this option, the original position of Magerøy remains the same, whereas the origin of the Kalak Nappe Complex is placed
farther south close to the other terranes of the Seve–Kalak Superterrane. (c) The final collisional stage is essentially similar for both options.
During closure of Iapetus, the terranes were thrust onto the lower nappes of Baltica to form the present Seve–Kalak Superterrane, except for
some parts that are transported farther north, where they are presently part of Svalbard, and others that were obducted onto Laurentia to
form the nappe system of East Greenland and some of the Scottish terranes. The Magerøy Nappe and related Early Silurian terranes all
along the Caledonides (see list in Corfu et al. 2006) were juxtaposed on this system before receiving the final tectonic layer, the Taconic
terranes of the Uppermost Allochthon in Scandinavia. These scenarios consider that the sinistral strike-slip mechanism of terrane translation
was the critical element that juxtaposed the Seve–Kalak Superterrane of continental affinity directly on Baltica without intervening ophioli-
tic substrate. The closest analogue for the initial stages of this mechanism is the ophiolite-free, Ordovician strike-slip boundary between
Baltica and Avalonia.
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Conclusions

The U–Pb results presented in this study provide ages of
about 970 Ma for granitic magmatism and migmatization in
the Gjesvær Migmatite Complex, showing that it is a Gren-
villian crustal segment that can be correlated with the Svær-
tholt Succession of the ‘‘Lower Nappes’’ of the Kalak Nappe
Complex. The complex was also affected by local partial
melting at about 425 Ma forming leucosomes and pegma-
tites. The new results from rocks of the Hellefjord Group
provide ages of 440 to 435 Ma for emplacement of gabbro
and granitoid rocks into turbidites, further confirming that
this unit is a correlative of the Magerøy Supergroup and
likely a member of the same Magerøy Nappe. A younger
event recording deformation and metamorphism at 430 to
425 Ma is recorded both in the Magerøy Nappe and the
Gjesvær Migmatite Complex in the form of new zircon in
pegmatites and leucosomes, metamorphic new growth, re-
crystallization and partial resetting of zircon in metamor-
phosed rocks, and growth of titanite and monazite.
Combined with geological and paleomagnetic evidence, the
data support a non-Baltic origin of these nappes. The partic-
ular relationships characterizing these nappes, especially the
lack of a typical oceanic suture, can be explained by a Cor-
dilleran mechanism of terrane translation by strike-slip in
the overall sinistral convergent regime that accompanied the
oblique convergence of Baltica and Laurentia in the Silurian
(Fig. 8).
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