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Large bodies of trondhjemite, up to 200 km2 in size and locally coexisting with diorite and gabbro, represent an important plutonic component of 
the Köli Nappes in the Trondheim Region. Zircon (and titanite) U-Pb geochronology shows that the earliest suites formed between 438.7 ± 1.5 and 
437.6 ± 1.3 Ma, the ages of the Reitstøa and Gia Complexes. The same age of 437.8 ± 2.3 Ma was also obtained for a monzonite from the layered, 
mafic-ultramafic, Fongen-Hyllingen Complex. The bimodal Vålåsjø Complex yields ages of 435.6 ± 2.3 and 435.1 ± 2.5 Ma. The youngest trondhje-
mites lack mafic correlatives and formed at 432 ± 4 (Toset) and 431 ± 4 Ma (Olaberget). They also contain xenocrystic zircons with a mixed Archa-
ean and Palaeo- to Mesoproterozoic provenance. Coeval intrusions are common throughout the Köli Nappes of the Upper Allochthon along the 
entire length of the Scandinavian Caledonides and represent widespread magmatism during the terminal stages of Iapetus Ocean closure, immedia-
tely prior to the peak of Scandian metamorphism and thrusting onto the Baltoscandian margin of the Baltic craton.
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Introduction
Silurian plutonic rocks are present in many of the alloch-
thons of the Scandinavian Caledonides. They represent 
melting of crustal and/or mantle sources during the 
terminal stages of closure of the Iapetus Ocean and the 
eventual collision of Baltica with Laurentia. Understand-
ing the mode and age of formation and the sources of 
these plutonic rocks is important for constraining the 
paleogeography and the kinematics of the terminal stages 
of the Caledonian orogeny. The availability of precise 
ages is also essential for comparing the magmatic activity 
between different allochthons. This publication consid-
ers one specific suite of Silurian intrusions, namely the 
trondhjemites and locally associated diorites and mafic 
complexes in the Köli Nappes of the Upper Allochthon of 
the Trondheim Region. Previous U-Pb studies (Dunning 
& Grenne 2000; Nilsen et al. 2003) have yielded radio-
metric ages of 435 to 430 Ma for some of these intrusions 
but the majority remain undated. In this paper we report 
new U-Pb ages for some of the largest Silurian plutonic 
complexes at Vålåsjø, Gia, Reitstøa, Fongen-Hyllingen, 
Toset and Olaberget within the Köli Nappes that consti-
tute the Trondheim Nappe Complex, and we discuss the 
geological implications of the data in the context of Cale-
donian orogenic evolution.

Geological setting
Regional overview

This contribution focuses on the Upper Allochthon, one 
of the most heterogeneous tectonostratigraphic units in 
the Caledonides. The Upper Allochthon comprises the 
Seve and overlying Köli Nappes (Roberts & Gee 1985; 
Gee et al. 1985a; Roberts & Stephens 2000), each with a 
variety of local names. 

The Seve Nappes are composed largely of metasand-
stones and schists, amphibolitised metavolcanic rocks 
and migmatites, with local marbles, and are cut by 
swarms of mafic dykes with some gabbro and ultramafite 
bodies. The protoliths are of Meso- to Neoproterozoic 
age, and the amphibolites have a typical oceanic tholeiite 
chemistry (Solyom et al. 1979; D. Roberts, unpubl. data). 
Metamorphic grade is generally in amphibolite facies in 
the Mid Norway region. In Sweden, local eclogite-facies 
conditions were reached at two different times at differ-
ent structural levels. The most recent zircon U-Pb data 
indicate ages of about 480 and 445 Ma for the two events, 
in northern and central Sweden, respectively (Root 
2007), overlapping and refining previous dates on these 
rocks (Mørk et al. 1988; Essex et al. 1997; Brueckner et 
al. 2004; Brueckner & Van Roermund 2007). The Seve 

NORWEGIAN JOURNAL OF GEOLOGY Silurian gabbro-diorite-trondhjemite plutons



330

Nappes have generally been interpreted as representing 
the outermost Baltoscandian margin (Stephens & Gee 
1985; Andréasson 1994; Andréasson et al. 1998).
 
In the Trondheim Region, the Köli Nappes are repre-
sented by the Trondheim Nappe Complex, which is 
subdivided into the Gula, Støren and Meråker Nappes 
(Gale & Roberts 1974; Guezou 1978; Wolff 1979; Rob-
erts & Wolff 1981; Gee et al. 1985a). The Gula Nappe 
consists largely of metamorphosed siliciclastic sedimen-
tary rocks and local mafic to ultramafic volcanic rocks 
(Nilsen 1974, 1978; Guezou 1978; Nilsen & Wolff 1989), 
known as the Gula Complex (earlier the Gula Group), 
of inferred Mesoproterozoic to earliest Ordovician age. 
Amphibolitic greenstones show an island-arc type geo-
chemistry (Rainey 1980). In western areas, the Gula 
Nappe also includes a tectonic mélange (Horne 1979). 
In the east, distinctive black shales suggest a Baltican 
affinity based on their geochemical character and fossils 
(Andersson et al. 1985; Schovsbo 2003). Interpretations 
of the origin of the Gula Complex have ranged from epi-
continental (Guezou 1978) to marginal basin (McClellan 
1995). The Gula Complex and its inferred basement are 
thought to represent a ribbon microcontinent of Balti-
can origin (Grenne et al. 1999; Roberts et al. 2002; Rob-
erts 2003). The Gula Nappe is tectonically overlain by 
the Støren Nappe (Gale & Roberts 1974), a composite 
unit with a fragmented ophiolite of inferred Cambrian 
to Tremadoc age at the base, which is considered to have 
been obducted upon the Gula Complex in Early Arenig 
time (Pannemans & Roberts 2000; Roberts et al. 2002). 
The rocks of the Gula Complex were also deformed at 
this time. After uplift and erosion, renewed sedimenta-
tion and volcanism above a marked unconformity led to 
the accumulation of the Middle Arenig to Upper Ordo-
vician Hovin and Horg Groups (Vogt 1945) in a back-
arc basin, the sediments of which are characterised by 
diverse faunas of mainly North American affinity (Ryan 
et al. 1980; Bergström 1997; Neuman et al. 1997). The 
Meråker Nappe in the eastern part of the region, tem-
porally equivalent to the Støren Nappe (Nilsen 1978; 
Grenne & Lagerblad 1985; Grenne et al. 1999), consists of 
a mafic magmatic complex (Fundsjø Group) at the base 
that was affected by an Early Ordovician tectonother-
mal event before the deposition of a thick succession of 
mainly turbiditic sediments of Ordovician to Early Silu-
rian age (Siedlecka 1967). The entire Trondheim Nappe 
Complex was eventually deformed, metamorphosed at 
comparatively low grade and thrust in Mid Silurian times 
during the Siluro-Devonian Scandian orogeny.

Trondhjemite-diorite-gabbro and layered mafic complexes

Trondhjemitic and related mafic rocks occur widely 
throughout the Trondheim Nappe Complex (Wolff 1979; 
Nilsen & Wolff 1989) either as large plutons or as scat-
tered dyke and sill complexes. 
 
The trondhjemites are of the high-Al

2
O

3
 type while the 

associated mafic rocks show calc-alkaline characteristics 

(Panneman & Roberts 2000; De Cock et al. 2006). Felsic 
trondhjemitic rocks (s.s.) are characterised by a high Na/
K ratio and strongly depleted heavy REE. They are com-
parable to modern adakites, whose genesis is commonly 
explained by melting of a downgoing slab of young and 
hot oceanic crust and/or by melting of garnet amphibo-
lite. The latter could be either subducted oceanic crust, 
underplated basaltic rocks, or underthrust mafic rocks 
(e.g., Barnes et al. 1996). Besides the trondhjemite intru-
sions there are also small, subordinate granite and grano-
diorite bodies interpreted to be derived by melting of 
metasedimentary sources (Pannemans & Roberts 2000).

The largest and most characteristic layered mafic complex 
in the region is the Fongen-Hyllingen Complex (Nilsen 
1973; Wilson et al. 1981), which has been inferred to be 
derived from melting of subcontinental mantle (Abu 
El-Rus 2003). The other mafic complexes have a more 
bimodal character and are generally dominated by gab-
bro to diorite and trondhjemite in varying proportions.
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Fig. 1. Simplified tectonostratigraphical map of the southern part of 
the Trondheim Region, showing the location of the principal gabbro-
diorite-trondhjemite complexes. The Precambrian rocks at the base 
of the sequence are generally considered to be in an allochthonous 
position west of the Trondheim Nappes and parautochthonous in the 
windows to the east (Gee et al. 1985b; Tucker et al. 2004). F – Foll-
stad; G - Gia; H - Hyllingen; I - Innset; N - Nyvollen; O - Olaberget; 
R - Reitstøa; S - Stensli; T - Toset; V - Vålåsjø. 
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The Vålåsjø Complex is a major, elongate, composite 
pluton with an outcrop area of 117 km2, stretching from 
the vicinity of Dombås in the valley of Gudbrandsdalen 
to the Hjerkinn area (Fig. 1). It intrudes the metapelitic 
lithologies of the Undal Formation of the Gula Com-
plex (Nilsen & Wolff 1989) and was earlier named the 
‘Dovre Granite’ by Kjerulf (1879) and Bjørlykke (1905) 
who noted intermediate to mafic inclusions in the (west-
ern) felsic part of the pluton. However, the complex 
did not attract any further attention until Pinna (1973) 
presented a brief petrological overview. A limited geo-
chemical investigation was also undertaken by Guezou & 
Poitout (1974). The western half of the complex is occu-
pied by a medium-grained leucodiorite to trondhjemite, 
which is excellently exposed along the railway line to the 
north of Dombås. Here, a quarry was operated by the 
State Railway Corporation (NSB) at the Grønbogen tun-
nel (UTM 0505188/6886697). In the Vålåsjøen district, 
the trondhjemite occurs as dykes penetrating the eastern 
mafic to intermediate part of the Vålåsjø Complex. In 
the Hjerkinn district, trondhjemite occurs only as local 
dykes. The trondhjemite sample #R1 was collected along 

the railway line at Turrhaugen and hornblende diorite 
sample #R2 at Vålåsjøen (see Table 1 for UTM coordi-
nates of all samples). 
 
The Gia Complex is a strongly elongated, compos-
ite igneous complex with an outcrop area of 36 km2, 
stretching between the valley of Einunndalen through 
the lake Marsjøen towards the river Orkla (Fig. 1). It was 
described by Berthomier & Maillot (1971) and Bertho-
mier et al. (1972a) and a geochemical and Rb-Sr geo-
chronological investigation was presented by Berthomier 
et al. (1972b). The Gia Complex intrudes semi-concor-
dantly the calcareous mica schists and pelitic schists with 
ribbon quartzites (?cherts) and black phyllites of, respec-
tively, the Singsås and the Undal Formations of the Gula 
Complex (Nilsen & Wolff 1989). The Gia Complex com-
prises mafic to intermediate lithologies, mainly norite, 
gabbro and hornblende diorite. The leucocratic varieties 
of trondhjemitic composition occur sparsely as minor 
dykes and as a small body to the north of Sandtjørn, 
intruding the prevailing intermediate rocks of the region. 
This trondhjemite (#R4) was sampled at Veslbekken, 

Table 1. Modal compositions of plutonic rocks from the south-central Trondheim region
Complex Vålåsjø Gia Olaberget Stensli Reitstøa Toset Hyllingen

Sample no. #R1 #R2 #R3 #R4 #R5 #R6 #R7 #R8 #R9 #67A14

Rock type
Trondhjem- 

ite
Horblende 

diorite
Hornblende 

diorite
Trondhjem- 

ite
Trondhjemite Trondhjemite

Trondhjem- 
ite

Hornblende
diorite

Trondhjemite Monzonite

Location
Turrhaugen. 

Dombås 
Vålåsjøen Marsjøen

Sandtjørna
N.Marsjøen

Olaberget. 
Tolga

Stensli
Almås. 

Gauldalen
Almås. 

Gauldalen
Toset.  

Rennebu
Jensfjellet

UTM
0506658/
6885982

0519940/
6893158

0554169/
6911971

0555930/
6917954

0599495/
6927847

0613194/
6971354

0596538/
6984605

0596538/
6984605

0551413/
6960978

0627100/
6982600

Plagioclase 55.8 60.5 34.4 52.6 58.0 55.4 65.5 71.6 66.9 44.0
Quartz 29.5 --- --- 18.0 29.0 16.9 26.1 --- 20.6 3.0
Microcline 1.2 --- --- --- --- 1.4 1.3 --- 2.6 40.0
Biotite 10.3 2.2 0.4 9.1 3.0 11.9 6.8 6.4 0.9 5.6
Chlorite --- 0.4 1.0 0.6 --- --- --- 1.1 0.1 ---
Muscovite 0.7 --- 0.5 0.7 4.0 --- --- --- 4.6 ---
Hornblende --- 21.2 60.4 14.1 --- 10.0 --- 9.7 --- 3.1
Cumming-
tonite

--- 11.5 --- --- --- --- --- 6.8 --- ---

Titanite --- --- --- 0.1 0.5 2.3 --- --- --- ---
Apatite x --- --- 0.1 --- --- --- 1.4 0.1 0.1
Zircon x --- --- 0.1 --- 0.2 0.1 --- --- 0.2
Magnetite/
Ilmenite

--- 3.5 1.0 0.6 --- 0.2 --- 2.4 0.1 0.1

Epidote/
Clinozoisite

2.5 0.8 1.2 3.8 4.0 1.6 0.1 --- 4.0 ---

Rutile x --- 0.7 --- --- --- --- --- --- 0.1
Calcite --- --- --- 0.5 --- 0.2 --- --- 0.1 ---

count 
numbers

1050 1422 1343 1465 1423 1523 1672 1687 1000

An content 
in plag

5 46 40 55 24-22 20 13-20 15-30 5 04-10

Q 34.1 --- --- 25.5 33.3 22.9 28.1 --- 22.9 3.4
A 1.4 --- --- --- --- 1.9 1.4 --- 2.9 46.0
P 64.5 100.0 100.0 74.5 66.7 75.2 70.5 100.0 74.3 50.6

X - trace amounts,    --- absent
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Sandtjørnkollen and an intermediate hornblende dio-
rite (#R3) was sampled at Ruphuskampen to the south of 
lake Marsjøen. 

The Reitstøa Complex intrudes the central part of the 
Gula Complex in the valley of Gauldalen (Figs. 1 & 2) and 
occupies the central part of a major synformal structure, 
the Singsås Synform (Kjerulf 1876; Nilsen 1978; Nilsen 
& Wolff 1989). The better mapped, southern part of the 
Reitstøa Complex has an outcrop area of c. 31 km2, is 
concentric, and composite with a central mafic to inter-
mediate core (gabbro and hornblende diorite) and a rim 
of trondhjemite and granodiorite (Fig. 2). Field relation-
ships show clearly how the mafic and intermediate lithol-
ogies are cut by leucocratic rocks of several generations 
(Fig. 3a). The thermal influence of the Reitstøa Complex 
upon the calcareous assemblages of the Singsås Forma-
tion was discussed by Goldschmidt (1915, p. 34). These 
rocks grade from fine-grained, calcite-bearing, chlorite-
quartz schists in the Støren area to high-grade, diopside-
microcline gneisses in the Singsås district around the 
Reitstøa Complex (Nilsen 1978). The first account of the 
petrography of the granodioritic varieties of the Reitstøa 
Complex was given by Möhl (1876) and a recent, more 
comprehensive, geochemical and petrological study was 
presented by Pannemans & Roberts (2000). Hornblende 
diorite (#R8) and cross-cutting trondhjemite (#R7) were 
sampled in an abandoned quarry close to the main road 
at Almås in Gauldalen.
 
The Fongen-Hyllingen Complex is a layered mafic intru-
sion with an outcrop area of c. 160 km2 ranging in com-
position from peridotite to quartz-bearing syenite. The 

pluton evolved through four main crystallisation stages in 
a periodically replenished magma chamber with magma 
undergoing various degrees of crustal contamination 
(Sørensen & Wilson 1995). The intrusion was dated by 
Wilson et al. (1983) to 428 +8/

-2
 Ma using U-Pb on zircon. 

To improve the age resolution we have analysed a sample 
of monzonite (#67A14) from the most evolved south-
eastern corner of the pluton.
 

773

Almåskroken
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Fig. 2. Geological map of the Reitstøa Igneous Complex, Gauldalen, with sample localities #R7 and #R8 indicated.

Fig. 3. (a) Intrusive breccia - trondhjemite invading hornblende 
diorite. Hogstret, Reitstøa Complex (UTM 960 / 843). (b) Apophy-
sis from the Olaberget trondhjemite body cutting through deformed 
mafic and felsic volcanites of the Hersjø Formation within the Merå-
ker Nappe.
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The Olaberget trondhjemite pluton intrudes the vol-
canogenic Fundsjø Group in the Meråker Nappe (Figs. 
1 & 3b). It occupies an area of about 0.75 km2 and is a 
homogeneous, leucocratic rock type which has excellent 
qualities as a dimension stone. Under the commercial 
name ‘Tolga White’ it has been exported to Hong Kong, 
China and the USA. It was briefly described by Bjerkgård 
(1989) and its petrography and technical properties were 
described by Alnæs (1994). The sample (#R5) was taken 
in the quarry.
 
The Stensli Complex is located in the valley of Gauldalen 
and comprises a suite of intermingled gabbroic to gra-
nitic rock types (Flatebø 1968) (Fig. 1). It occupies an 
area of c. 3 km2 and intrudes kyanite/staurolite-grade 
metapelites of the Åsli Formation of the Gula Complex. 
Leucocratic varieties constitute most of the western part 
of the Stensli Complex, and here a sample was collected 
close to the river Gaula for petrographic and geochemi-
cal analysis (#R6). 
 
The Toset trondhjemite pluton near Ulsberg in the Ren-
nebu district intrudes the greenish greywackes of the 
Hovin Group of the Støren Nappe. A white, coarse-
grained rock with excellent qualities as a dimension 
stone, this trondhjemite is being quarried under the 
commercial name ‘Ice Green’ and exported to China. 
About 330-340 m3 of the Toset trondhjemite have been 
used to clad 5000 m2 of the Opera House in Oslo. The 
sample (#R9) was taken in the quarry.

A fine-grained trondhjemite dyke (#DR-3), sampled west 
of Berkåk (Fig. 1), has been investigated in the previous 
study by Nilsen et al. (2003) but we also report some new 
analytical results in this paper. The c. 1.3 m-thick dyke 
lies subparallel to the ESE-dipping foliation in schistose 
metabasalts with mafic dykes, part of the Støren ophiol-
itic unit.

Petrology
The investigated plutonic complexes consist of more 
or less intermingled, mafic to felsic rocks where the fel-
sic (trondhjemitic) rocks are always seen to intrude the 
mafic (noritic) and intermediate (hornblende-dioritic) 
components. The Reitstøa and Fongen-Hyllingen Com-
plexes are the plutonic bodies with the widest composi-
tional variation, the former grading from massive, dark 
hornblende gabbros to veined granite pegmatites (Fig. 
3a), the latter displaying layered sequences from perido-
tite, through olivine gabbro, gabbro and norite, diorite, 
monzonite to quartz-bearing syenite. Our geochrono-
logical sampling was focused chiefly on the most repre-
sentative leucocratic and intermediate rock types. They 
are all medium- to fine-grained, heterogranular rocks 
with grain sizes in the range 0.5-5 mm. They can broadly 
be classified as trondhjemites and hornblende diorites 
(Reitstøa), and monzonites (Fongen-Hyllingen).

 
The trondhjemites have tonalitic modal compositions 
(Table 1; Fig. 4) and carry zoned subhedral plagio-
clase (An

24-05
) and quartz as major mineral constituents. 

The latter occurs in general as a fine-grained granular 
groundmass between the plagioclase laths. Intergranu-
lar microcline and antiperthite occur sparsely in some 
varieties, but disappear in the most retrograded meta-
morphic varieties at the expense of muscovite (e.g. #R5 
and #R9). In these domains feldspars are strongly saussu-
ritised and sericitised. Biotite and green hornblende are 
the main dark constituents, generally in modal amounts 
below 15 vol.% and are locally replaced by chlorite. 
Clinozoisite and/or epidote are abundant accessory con-
stituents together with apatite, titanite and zircon.
 
The rocks grouped as hornblende diorites range from 
gabbro to diorite (Table 1; Fig. 4) and are variably ret-
rogressed. Plagioclase (An

45-15
) and amphiboles (green 

hornblende and cummingtonite) are the chief mineral 
constituents. Biotite/chlorite, clinozoisite and pyroxenes 
are minor minerals and zircon, rutile, carbonates and ore 
minerals (ilmenite, pyrite, chalcopyrite and pyrrhotite 
with pentlandite) are accessory minerals.
 
The least altered norite bodies occur in the Hjerkinn 
area, between the Vålåsjø and Gia Complexes (e.g., at 
Storhovda (UTM 364 / 981)). They have abundant unal-
tered orthopyroxene (En

74
), clinopyroxene (En

44
Wo

46
) 

and plagioclase (An
62

). Here, an incipient cummingtoni-
tisation can be recognised at the margins of the ortho-

Q

M

Fig. 4. Modal QAP diagram of trondhjemites and hornblende diori-
tes from the south-central Trondheim region (data from Table 1). D 
- Diorite, GD - Granodiorite, M - Monzonite, QD - Quartz diorite, 
T - Tonalite (trondhjemite), tr – trondhjemite, hbl-di – hornblende 
diorite.

NORWEGIAN JOURNAL OF GEOLOGY Silurian gabbro-diorite-trondhjemite plutons



334

pyroxene (Fig. 5). The cummingtonite shows a similar 
Mg/(Mg+Fe’’) ratio (0.72 – 0.76) as the orthopyroxene. 
 
To the north of lake Marsjøen, in the Gia Complex, tran-
sitions can be seen from pyroxene-bearing hornblende 
norites to hornblende-cummingtonite diorites. The 
apparent hydration of the orthopyroxenes leads to char-
acteristic corona development in many hornblende dio-
rites in the mafic parts of the Vålåsjøen, Gia and Reitstøa 
Complexes where colourless aggregates of cumming-

tonite are rimmed by green hornblende against plagio-
clase. In the hornblende diorites of the Reitstøa Com-
plex, cummingtonite pseudomorphs ((Mg/(Mg+Fe’’) = 
0.81) are rimmed by a green ferro-tschermarkite (Fig. 6) 
in contact with plagioclase. 
 
The observed coronal mineral assemblages clearly indi-
cate an incompatibility between the magmatic orthopy-
roxene and plagioclase. They were apparently formed by 
retrograde reactions following the magmatic emplace-
ment, reflecting different stages in the retrograde hydra-
tion and reaction between orthopyroxene and plagio-
clase. A similar process has been inferred from the Fon-
gen-Hyllingen Complex (Esbensen 1978) and for many 
other coronitic gabbros (e.g., Ernst 1968; Austrheim & 
Robins 1981; Qasim 1992; Leander et al. 2002; Leather-
dale et al. 2003). 

The plutons dated in the present study are partly foliated 
and deformed and show mineral parageneses typical of 
regional metamorphic overprint and replacement. Some 
show contact-metamorphic aureoles, locally with por-
phyroblasts that pre-date the main Caledonian (Scan-
dian) tectonometamorphic event (Birkeland & Nilsen 
1972; Kristensen 1972; Olesen et al. 1973; Rohr-Torp 
1974; Bøe 1974: Wilson & Olesen 1975). 

U-Pb geochronology
Method and general approach

U-Pb dating was carried out by ID-TIMS following the 
procedure of Krogh (1973). Zircon and titanite were 
extracted from crushed and pulverised samples and 
selected by hand-picking under a binocular microscope. 
In most cases the grains were abraded prior to analy-
sis (Krogh 1982; Table 2). Further details of the proce-
dure used in the Oslo laboratory are described in Corfu 
(2004). The data were regressed using the Isoplot pro-
grams of Ludwig (2003) and ages were calculated using 
the decay constants of Jaffey et al. (1971). 
 
The zircon populations extracted from the various sam-
ples are quite variable in terms of abundance and qual-
ity. Zircons occur mostly as euhedral crystals with sharp 
edges, but those in diorites #R4 and #R8 were mainly 
broken fragments. Just a few of the samples contain 
xenocrystic zircon grains or cores, but, in any case, the 
selection of grains for analysis was generally done so as 
to minimise the possibility of including inherited com-
ponents. Titanite is rare and was analysed in only two of 
the samples. 

Vålåsjø Complex

The two samples of trondhjemite (#R1) and hornblende 
diorite (#R2) from this complex provided relatively 
sparse but comparatively U-rich zircon populations. Five 
analyses of zircon in the trondhjemite are concordant 

Fig. 5. Backscattered electron (BSE) image of orthopyroxene (Opx) 
rimmed by cummingtonite (Cm) (with Mg-hornblende inter-
growths) against plagioclase (Plag). From gabbro-norite, Storhovda, 
Hjerkinn.

Fig. 6. Cummingtonite pseudomorph rimmed with green ferro-
tschermarkite against plagioclase. Plane-polarised light. From horn-
blende diorite, Buabekken, Marsjøen, Gia Complex.
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Table 2. U-Pb data
Characteristics1) Weight U Th/U3) Pbc4) 206Pb/ 207Pb/ 2 σ 206Pb/ 2 σ ρ 207Pb/ 2 σ 206Pb/ 207Pb/ 207Pb/ 2 σ

204Pb5) 235U6)      238U6)     206Pb6)      238U6)    235U6) 206Pb6)

 [ug]2) [ppm]2)  [pg]  [abs] [abs] [abs] [abs]  [abs] [abs] [Ma] [Ma] [Ma] [Ma]

#R1  trondhjemite,  Vålåsjø Complex,  Turrhaugen (R1-04; UTM 0506658 / 6885982 map sheet Dombås 1: 50 000)
Z fr [9] 9 303 0.22 2.8 4201 0.5323 0.0015 0.06949 0.00016 0.82 0.05556 0.00009 433.1 433.4 434.8 3.5
Z eu lp fr [6] <1 >1600 0.54 0.8 9127 0.5323 0.0026 0.06947 0.00032 0.93 0.05558 0.00010 432.9 433.4 435.6 3.9
Z fr [1] 10 70 0.26 13.3 248 0.5282 0.0069 0.06930 0.00032 0.21 0.05529 0.00071 431.9 430.6 424 28
Z eu tips [6] 2 260 0.27 11 275 0.5330 0.0065 0.06922 0.00030 0.42 0.05584 0.00062 431.4 433.8 446 24
Z eu lp fr [11] <1 >200 0.43 1.3 661 0.5244 0.0059 0.06850 0.00027 0.48 0.05552 0.00056 427.1 428.1 433 22

#R2  hornblende diorite,  Vålåsjø Complex,  Vålåsjøen (R2-04; UTM 0519940 / 6893158 map sheet Dombås 1: 50 000)
Z eu-an eq [4] 3 372 0.21 1.9 2567 0.5332 0.0030 0.06972 0.00034 0.78 0.05546 0.00019 434.5 433.9 430.9 7.8
Z fr b [1] <1 >3340 0.07 1.4 10586 0.5336 0.0023 0.06966 0.00027 0.93 0.05555 0.00009 434.1 434.2 434.5 3.5
Z eu-an eq [4] 9 376 0.22 2.2 6777 0.5338 0.0015 0.06959 0.00018 0.84 0.05563 0.00009 433.7 434.3 437.8 3.5
Z eu-an eq [1] 9 255 0.18 3.8 2652 0.5345 0.0024 0.06954 0.00028 0.81 0.05575 0.00015 433.4 434.8 442.6 5.9

#R3  hornblende diorite,  Gia Complex,  Marsjøen (R3-04; UTM 0554169 / 6911971 map sheet Einunna 1: 50 000)
Z eu pr (fr) [33] 73 617 0.38 5.0 39598 0.5425 0.0022 0.07067 0.00027 0.98 0.05567 0.00004 440.2 440.0 439.2 1.6
Z eu-an eq [23] 401 412 0.35 11.4 63137 0.5340 0.0020 0.06963 0.00025 0.99 0.05562 0.00004 433.9 434.5 437.4 1.4
Z eu pr (fr) b [10] 14 2893 0.40 2.9 61330 0.5283 0.0019 0.06889 0.00024 0.98 0.05561 0.00004 429.5 430.7 437.0 1.5

#R4  trondhjemite,  Gia Complex,  Marsjøen  (R4-04; UTM 0555930 / 6917954 map sheet Einunna 1: 50 000)

Z eu sp+tips [>50] 152 195 0.32 32.9 3963 0.5365 0.0014 0.06990 0.00015 0.91 0.05567 0.00006 435.6 436.1 439.1 2.3
Z eu lp [>50] 69 160 0.35 2.0 24113 0.5360 0.0014 0.06988 0.00017 0.93 0.05563 0.00005 435.4 435.8 437.8 2.0
Z eu sp [>50] 271 211 0.25 11.7 21420 0.5356 0.0015 0.06984 0.00019 0.97 0.05562 0.00004 435.2 435.5 437.2 1.5
Z eu lp [>50] 81 184 0.39 6.8 9599 0.5358 0.0012 0.06984 0.00014 0.95 0.05563 0.00004 435.2 435.6 437.8 1.6
Z eu sp+tips [35] 22 181 0.34 2.5 6933 0.5347 0.0011 0.06976 0.00014 0.90 0.05559 0.00005 434.7 434.9 436.0 2.1
Z eu lp [21] 18 157 0.36 2.5 4850 0.5342 0.0012 0.06958 0.00015 0.83 0.05568 0.00007 433.6 434.6 439.8 2.8
T fr b-r [5] 107 458 0.12 292.1 752 0.5350 0.0027 0.06984 0.00016 0.53 0.05556 0.00024 435.2 435.2 435 10

#R8  hornblende diorite,  Reitstøa Complex,  Gauldalen (R8-04; UTM 0596538 / 6984605) map sheet Haltdalen 1:50 000
Z eu fr [27] 365 97 0.37 19.4 8039 0.5374 0.0014 0.06999 0.00017 0.94 0.05568 0.00005 436.1 436.7 439.7 2.0
Z eu fr [11] 94 110 0.40 3.6 12527 0.5362 0.0012 0.06991 0.00015 0.96 0.05563 0.00003 435.6 435.9 437.6 1.3
Z eu fr [14] 139 105 0.39 5.3 12125 0.5355 0.0012 0.06986 0.00014 0.95 0.05560 0.00004 435.3 435.5 436.4 1.6
Z eu fr [1] 105 84 0.35 3.4 11286 0.5350 0.0012 0.06970 0.00015 0.95 0.05567 0.00004 434.3 435.1 439.1 1.6
Z eu fr [28] 88 109 0.41 2.3 17938 0.5348 0.0011 0.06970 0.00015 0.97 0.05565 0.00003 434.3 435.0 438.4 1.2
Z eu fr [12] 479 102 0.38 16.1 13317 0.5336 0.0013 0.06962 0.00014 0.96 0.05558 0.00004 433.9 434.2 435.8 1.5
Z eu fr [2] 140 66 0.36 6.4 6225 0.5330 0.0013 0.06955 0.00014 0.93 0.05559 0.00005 433.4 433.8 435.9 1.9

#67A14  monzonite,  Fongen-Hyllingen Complex, Jensfjellet (67A14; UTM 0627100 / 6982600 map sheet Ålen 1:50 000)
Z tips [26] 26 109 0.43 2.7 4661 0.5381 0.0022 0.07002 0.00025 0.74 0.05574 0.00016 436.3 437.2 441.9 6.2
Z eu pr [>30] 31 107 0.34 1.6 8807 0.5365 0.0013 0.06991 0.00015 0.89 0.05566 0.00006 435.6 436.1 438.8 2.4
Z eu lp [25] 22 125 0.37 3.4 3556 0.5347 0.0018 0.06983 0.00022 0.76 0.05553 0.00013 435.1 434.9 433.7 5.1
Z eu tips [11] 19 103 0.33 1.7 4992 0.5358 0.0015 0.06972 0.00016 0.81 0.05573 0.00009 434.5 435.6 441.6 3.6
Z eu lp [10] 35 114 0.39 1.7 10361 0.5344 0.0022 0.06970 0.00027 0.97 0.05560 0.00006 434.4 434.7 436.5 2.2
Z eu pr [>30]                  23 126 0.45 1.8 7112 0.5337 0.0016 0.06965 0.00021 0.82 0.05558 0.00010 434.0 434.3 435.5 4
Z tip [1]                  1 252 0.35 1.9 594 0.5330 0.0066 0.06951 0.00032 0.50 0.05561 0.00060 433.2 433.8 437 24

#R9  trondhjemite Toset Pluton, Rennebu (R9-04; UTM 0551413 / 6960978, map sheet Rennebu 1:50 000)
Z eu eq p [1]            1 1134 0.48 0.8 16245 2.662 0.035 0.1867 0.0025 0.99 0.10339 0.00012 1104 1318 1686 2
Z tip [1] 1 206 0.19 1.8 646 1.1348 0.0086 0.08799 0.00034 0.62 0.09353 0.00056 543.7 770.0 1499 11
Z tip [1] 1 170 0.28 3.5 247 0.6041 0.0106 0.07490 0.00031 0.44 0.05849 0.00094 465.6 479.8 548 35
Z flat fr [1] 1 349 0.14 1.5 1004 0.5254 0.0041 0.06869 0.00021 0.54 0.05548 0.00037 428.2 428.7 431 15
Z lp fr [1] 1 246 0.06 0.6 1767 0.5241 0.0029 0.06840 0.00022 0.65 0.05557 0.00024 426.5 427.9 435.3 9.4
Z lp fr [9] 2 332 0.17 0.7 3091 0.5240 0.0025 0.06835 0.00026 0.78 0.05561 0.00016 426.2 427.8 436.7 6.5
Z flat fr [5] 2 731 0.17 0.6 7987 0.5194 0.0057 0.06801 0.00075 0.98 0.05539 0.00014 424.1 424.8 428.1 5.4

#R5  trondhjemite,  Olaberget Complex,  Vingelen (R5-04; UTM 0599495 / 6927847, map sheet Tynset 1:50 000)
Z tips sb [16] 5 313 0.36 9.4 820 0.6196 0.0038 0.07656 0.00023 0.52 0.05870 0.00031 475.5 489.6 556 11
Z eu lp fr [14] 1 682 0.27 3.8 793 0.5309 0.0037 0.06925 0.00026 0.64 0.05561 0.00030 431.6 432.4 437 12
Z eu tips [5] 1 285 0.34 3.2 410 0.5285 0.0064 0.06928 0.00028 0.46 0.05532 0.00060 431.8 430.8 425 24
Z eu tips [11] 5 256 0.29 15.7 370 0.5258 0.0047 0.06898 0.00021 0.32 0.05528 0.00047 430.0 429.0 424 19
T b [6]         20 192 0.01 645.8 44 0.529 0.059 0.0688 0.0010 0.01 0.0558 0.0062 428.8 431.2 --- ---
T pb NA [13]              204 4.3 0.16 263.9 32 0.44 0.11 0.0673 0.0017 0.06 0.047 0.012 419.9 369 --- ---

#DR-3  trondhjemite dyke, Berkåk (DR-3; UTM 0481000 / 6780000 map sheet Rennebu 1:50 000)
Z [1]                     6 72 0.46 14.9 356 2.177 0.018 0.18683 0.00082 0.53 0.08449 0.00058 1104 1174 1304 13
Z [1]                     1 350 0.77 1.4 7668 12.492 0.050 0.4818 0.0019 0.97 0.18805 0.00018 2535 2642 2725 2
1) Z = zircon (unless otherwise specified all clear and transparent);T = titanite; eu = euhedral; sb = subhedral; an = anhedral; eq = equant; sp = short prismatic 
(l/w = 2-4); lp = long prismatic (l/w = >4); fr = fragment; pb = pale-brown; b = brown;  p = pink; r = red; [1] = number of grains in fraction; NA = non-abraded (all 
other minerals abraded) 
2.) weight and concentrations are known to better than 10% except for those near and below the c. 1 ug limit of resolution of the balance 
3) Th/U model ratio inferred from 208/206 ratio and age of sample 
4) Pbc = total common Pb in sample (initial +blank) 
5) raw data corrected for fractionation  
6) corrected for fractionation, spike, blank and initial common Pb; error calculated by propagating the main sources of uncertainty
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Fig. 7a-h: Concor-
dia plots showing 
the U-Pb results for 
zircon and titanite. 
The ellipses indi-
cate the 2-sigma 
uncertainty of the 
analyses.
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within error, but also show some dispersion in terms of 
U-Pb ratios (Table 2, Fig. 7a). A discordia line, anchored 
at 0 Ma, yields an upper intercept age of 435.1 ± 2.5 Ma. 
The four analyses of zircon from the diorite yield identi-
cal 206Pb/238U ratios but one data point is somewhat dis-
cordant, possibly due to the presence of a small inherited 
component (Fig. 7b). Calculation of the other three data 
points by constraining the line at 0 Ma yields an age of 
435.6 ± 2.3 Ma, which also overlaps the corresponding 
concordia age of 434.2 ± 0.8 Ma (cf. Ludwig 1998). 

Gia Complex

Both the hornblende diorite and the trondhjemite of the 
Gia Complex yielded abundant populations of domi-
nantly euhedral zircon crystals. Three analyses of zircon 
from the hornblende diorite (#R3) indicate a high U con-
tent and are slightly discordant defining a discordia line 
with an upper intercept age of 438.7 ± 1.5 Ma (Fig. 7c). 
Six analyses of zircons from the trondhjemite (#R4) are 
clustered near concordia but can be fitted to one discor-
dia line through 0 Ma yielding an upper intercept age of 
437.7 ± 0.8 Ma (Fig. 7d). Titanite, with an unusually high 
U content of 460 ppm, overlaps the cluster of the zircon 
data defining a concordia age of 435.2 ± 1.2 Ma.

Reitstøa Complex

The hornblende diorite (#R8) analysed for this complex 
yields an abundant population of good quality zircons 
with relatively low U contents. Seven data points all plot 
in a cluster near concordia (Fig. 7e) but they display some 
variation in 207Pb/206Pb ages that is not fully understood. 
This could be due to marginal amounts of inheritance 
even though xenocrystic parts are not immediately evi-
dent in the population. Alternative explanations could be 
overestimated analytical precision or a natural phenom-
enon such as excess of 207Pb from 231Pa. In spite of this, 
and the relatively high MSWD of 3.3, the data provide a 
precise age of 437.6 ± 1.3 Ma.

Fongen-Hyllingen Complex

The monzonite sample #67A14 contains very well devel-
oped and clear zircon crystals, all relatively low in U. 
Seven analyses plot on or slightly beside the concordia 
curve and, as in the previous case, display some scatter 
(Fig. 7f). Anchored at 0 Ma the line yields an upper inter-
cept age of 437.8 ± 2.3 Ma. 

Toset pluton

The relatively small amount of zircon present in this 
trondhjemite (#R9) comprises a mixed group of prisms, 
locally with visible subrounded cores indicative of prob-
able inheritance. The analyses of two tips broken away 
from cores yield Precambrian apparent ages showing 
either that the core was not completely avoided or that 

the grains were entirely xenocrystic. An old discordant 
age was also obtained from a gem-quality euhedral crys-
tal (Fig 8). Four other analyses were carried out on frag-
ments of euhedral prisms without visible cores, and on 
platy zircon crystals, yielding overlapping subconcordant 
analyses. A line projected from 0 Ma through the four 
points defines an upper intercept age of 432 ± 4 Ma (Fig. 
7g).

Olaberget pluton

The trondhjemite (#R5) yielded a population of good 
quality but sparse zircon crystals. The potential for 
inheritance was shown by some visible cores and one of 
the fractions is indeed strongly discordant, pointing to 
an inherited component with a Sveconorwegian average 
age (Figs. 7h, 8). The other three zircon analyses are con-
cordant, the line defining a lower intercept age of 431 ± 4 
Ma identical to the concordia age of 431.9 ± 0.9 Ma. Two 
fractions of titanite, one of dark-brown grains with a 
high U (192 ppm) and initial common Pb (32 ppm) con-
tent, and the other of pale-brown fragments with little U 
(4 ppm) and initial Pb (1.3 ppm), yield very imprecise 
data points indicating broadly Silurian ages, which may 
reflect either magmatic or metamorphic crystallisation. 

Inherited zircons

Samples #R9 and #R5 both contain inherited zircons, as 
discussed above. Two analyses of #R9 can be projected to 
apparent ages of about 2900 and 1900 Ma, whereas the 
third one plots on the same line as the discordant analy-
sis from #R5 indicating a Sveconorwegian upper inter-
cept (c. 1130 Ma). Inherited zircons are also present in 

Fig. 8: Concordia diagram showing the distribution of data for inhe-
rited zircon components in samples #R5, #R9, #DR-3 (Table 2) and 
#DR-5 (from Nilsen et al. 2003). The variable degree of discordance 
reflects the fact that the analyses of samples #R5, #R9 and #DR-5 
were obtained from grains dominated by the newly formed magmatic 
component, whereas those in #DR-3 appear to have been dominated 
by the xenocrysts. The apparent ages are extrapolated by projecting 
from 432 Ma. 
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two trondhjemites investigated in the previous study by 
Nilsen et al. (2003). One of their samples, the Innerdalen 
trondhjemite (#DR-5), yielded one analysis pointing to 
an older age of about 1540 Ma (Fig. 8). In another sample 
of trondhjemite from near Berkåk (#DR-3), just north of 
the Toset Pluton, the only zircons present appeared to be 
of xenocrystic origin and two analyses yielded variously 
discordant data points indicating ages of about 1390 and 
2740 Ma (Table 1, Fig. 8). Taken together, these zircon 
data indicate mixed Archaean, Late Palaeoproterozoic 
and Mesoproterozoic sources.

Discussion
Some general considerations on the interpretation of semi-
concordant data

The present data set is a good example of the classical 
dilemma in the interpretation of data sets that are clus-
tered in a quasi-concordant position, yet maintain some 
scatter in one or the other direction from the concordia 
curve. Samples #R1 and #R3 display sufficient dispersion 
in the U-Pb ratios to demonstrate that the pattern is likely 
to be due to Pb loss, justifying the calculation of a discor-
dia line. By contrast, samples #R2, #R4, #67A14 and #R9 
display next to no variation in U-Pb and, hence, there is 
no such strong evidence for Pb loss, except for the fact 
that the data tend to plot to the right of concordia. How-
ever, the latter feature could also be due to small amounts 
of inheritance, as illustrated more clearly by samples #R5 
and #R9. Another factor that can cause a shift of data to 
the right of the concordia curve is initial excess in 231Pa 
(Anczekiewicz et al. 2001). There are also strong sug-
gestions that the decay constant of U may not be totally 
correct, resulting in a slight shift of the concordia curve 
to the right (Schoene et al. 2005). Finally, there is also a 
possibility that the deviation of some data points may be 
due to an underestimation of the uncertainty. Neverthe-
less, these questions do not have any major impact on the 
present data as the chosen Pb-loss interpretation intro-
duces a potential upward bias of a maximum of 2 million 
years on some of the ages. 

Geological implications

The new results confirm and augment the previous data-
base indicating major plutonism in the Köli Nappes of 
the Upper Allochthon in the Early Silurian (Nilsen et 
al. 2003). In detail, the new results also show that, in 
the Trondheim Nappe Complex, the Silurian plutonism 
spanned a period of 5 to 8 million years that appears to 
be marked by a gradual shift in the type of magmatic 
activity. The early plutonic complexes (438 to 437 Ma) 
are predominantly mafic or bimodal in composition, 
the intermediate ones have mixed mafic and felsic com-
positions, and the late plutons (432-431 Ma) appear to 
be mainly trondhjemitic and lack mafic components. 
The 437.8 Ma ± 2.3 Ma Fongen-Hyllingen Complex is 
mainly ultramafic to mafic with just subordinate monzo-

nitic differentiates and no trondhjemites. The complex is 
inferred to have been emplaced in the middle crust at 10-
14 km depth (Thayssen 1998). By contrast, in the coeval 
to slightly older Gia Complex (438.7 ± 1.5 and 437.7 ± 
0.8 Ma) and in the Reitstøa Complex (437.8 ± 2.3 and 
437.6 ± 1.3 Ma), trondhjemite contributes to over 50% of 
the volume. The group of plutons with intermediate ages 
includes the mixed mafic-felsic Vålåsjø Complex (435.6 
± 2.3 and 435.1 ± 2.5 Ma) and Innset Complex (435.8 ± 
0.9 and 434.8 ± 0.5 Ma; Nilsen et al. 2003) together with 
a smaller trondhjemite body about 7 km to the south-
east of the Innset Massif (433.8 ± 0.8 Ma). The young-
est intrusions, consisting entirely of trondhjemite, are the 
Olaberget (431 ± 4 Ma), the Toset (432 ± 4 Ma) and the 
Follstad plutons (432 ± 3 Ma; Dunning & Grenne 2000). 
The Early Silurian plutons were thus emplaced shortly 
before Scandian metamorphism reached its peak at 430-
425 Ma (Dallmeyer 1990; Tucker et al. 2004; Hacker & 
Gans 2005). This, in turn, was either coeval with or just 
preceded thrusting of the Köli Nappes onto the Seve and 
the subjacent metasandstones of the Middle Allochthon. 
 
There is a general consensus that the parental magmas 
of the differentiated mafic complexes were probably 
derived from melting of the mantle with various degrees 
of crustal contamination during their emplacement and 
crystallisation in the crust (Sørensen & Wilson 1995). 
High-Al trondhjemites are typical of continental-mar-
gin settings, and there are several hypotheses concerning 
their derivation. Size (1979) favoured a model of equilib-
rium melting of a low-K

2
O tholeiitic basalt protolith in 

an orogenic zone, whereas Pannemans & Roberts (2000) 
proposed formation by melting of garnet amphibolite at 
depth. Such a mechanism was originally postulated by 
Arth & Hanson (1972) and Rapp et al. (1991), among 
others. The amphibolite could have been either older 
metabasaltic portions of the lower crust or fairly recently 
subducted, hot oceanic crust. The association of trond-
hjemite with mafic complexes would appear to favour a 
genesis by melting of underplated or ancient mafic crust, 
concurrently with melting of the mantle lithosphere. 
These processes could be controlled either by mantle 
upwelling or indirectly by subduction.

Plutonic suites broadly coeval with the trondhjemites, 
diorites and gabbros of the Trondheim Nappe Complex 
are common elsewhere in the Köli Nappes of the Upper 
Allochthon, and locally also in the Uppermost Alloch-
thon, throughout the Scandinavian Caledonides but there 
are some variations in age and tectonic setting. The oldest 
suite of this series is the 443 Ma Solund-Stavfjord Ophio-
lite in western Norway that developed at the spreading 
centre of a marginal basin (Pedersen & Dunning 1993). 
By contrast, the 438 Ma Honningsvåg Mafic Complex on 
Magerøya, in the far north, formed during the course of 
a rapid sequence of events with deposition of Lower Silu-
rian flysch-type sediments, followed by Scandian fold-
ing and regional metamorphism, the whole suggesting a 
special mechanism such as possible ridge subduction in 
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a contractional setting (Corfu et al. 2006). Similar rela-
tionships also appear to have characterised the genesis of 
the Råna Pluton in the Narvik Nappe Complex in Troms 
county (Tucker et al. 1990), whereas the coeval Sulitjelma 
Igneous Complex in Nordland appears to have formed 
in an extensional, back-arc setting (Pedersen et al. 1991). 
Dunning & Grenne (2000), Pannemans & Roberts (2000) 
and Nilsen et al. (2003) suggested emplacement of the 
trondhjemitic magmas of the Gula Nappe in a continen-
tal margin setting in transtensional segments, along or 
just outboard of the outermost margin of Baltica, during 
the early stages of the transpressive-convergent move-
ments that characterised the Scandian events. This phase 
of local extension / transtension in the Late Ordovician 
to Early Silurian time interval has been described from 
Köli Nappes in other parts of the Caledonide orogen, 
also in higher-level thrust sheets that would have derived 
from outboard of Laurentia (e.g., Stephens et al. 1985, 
1993; Pedersen et al. 1991; Mørk et al. 1997). A phase 
of extension in much the same time range has also been 
documented from the Helgeland Nappe Complex in the 
Uppermost Allochthon (Yoshinobu et al. 2002).

As such Early Silurian trondhjemite plutons and mafic 
complexes are lacking in the Seve Nappes and in the 
Middle and Lower Allochthons, it appears that the pro-
tolith successions of the Köli Nappes of the Trondheim 
Nappe Complex were still in outboard positions at that 
time. Consequently, it can be assumed that the host 
rocks and Silurian plutons of these particular nappes 
developed in arc-related basins and close to a mature 
arc complex or complexes, located in part on a ribbon 
microcontinent within Iapetus. Although the presence 
in the Gula Nappe of Tremadoc black shales with scat-
tered faunas of Baltoscandian affinity suggests that parts 
of the lower Köli Nappes must have been close to the 
Baltic margin in the earliest Ordovician (Sundblad & 
Gee 1984; Andersson et al. 1985), it is also evident that 
some of the upper Köli Nappes have a tectonometamor-
phic history that is comparable to that in the Uppermost 
Allochthon and evolved, in the Ordovician, closer to the 
margins of Laurentia (e.g., Stephens et al. 1993; Meyer 
et al., 2003). The highest Köli Nappes in several areas 
have, for example, yielded evidence of Mid Ordovician 
metamorphism (e.g., Dunning & Pedersen 1988; Hall & 
Roberts 1988; Stephens et al. 1993), not unlike the situa-
tion characterising the Uppermost Allochthon (Roberts 
et al. in press) with its Taconian orogenic deformation. 
Pedersen et al. (1992) proposed a palaeogeographical set-
ting marginal to Laurentia for some of these, magmato-
sedimentary Köli assemblages, and the palaeomagnetic 
data and observations concerning the Magerøy Nappe 
on Magerøya support such an interpretation (Kirkland et 
al. 2005; Corfu et al. 2006). The Archaean and Late Pal-
aeo- to Mesoproterozoic ages of the xenocrystic grains 
analysed in this study generally, but not exclusively, fit 
the pattern observed by Pedersen et al. (1992). Taken as a 
whole, the many, fragmented, ‘oceanic’ Köli terranes thus 
record varying faunal, palaeomagnetic and geochemical 

evidence of either Laurentian or Baltican affinity. 
 
A younger set of felsic intrusions is also present in the 
Lindås and Jotun nappes assigned to the Middle Alloch-
thon. The 427 ± 1 Ma Årdal dyke complex in the Jotun 
Nappe (Lundmark & Corfu 2007) had been compared 
to the classical trondhjemites of the Trondheim Region 
by Goldschmidt (1916), and Berthomier et al. (1972b) 
reported common Ordovician Rb-Sr ages for the Gia and 
the Årdal trondhjemites. The new zircon ages confirm 
the Palaeozoic age of the intrusions but also show that 
the 427 ± 1 Ma Årdal Dyke Complex is distinctly younger 
than the Gia Complex (438 Ma), Moreover, rather than 
being trondhjemitic the Årdal dykes are dominantly 
granitic and lack mafic members (Lundmark & Corfu 
(2007). Based on our present understanding they proba-
bly formed in a continental (Baltic) setting by melting of 
a clastic sedimentary source during Scandian thrusting.

Conclusions
A U-Pb geochronological study of the trondhjemitic to 
dioritic, and locally mafic-ultramafic intrusions in the 
Köli Nappes of the Trondheim Region demonstrates 
a transition lasting five to eight million years between 
emplacement of the early bimodal Gia, Reitstøa and 
Fongen-Hyllingen Complexes at 438 Ma and Vålåsjø at 
435 Ma, and the late trondhjemites such as the Toset and 
Olaberget plutons at about 432-431 Ma, confirming pre-
vious age patterns for other plutons in the Köli Nappes. 
The bimodal plutons tend to be free of xenocrystic zir-
cons, consistent with a crystallisation from magmas gen-
erated in the mantle and/or by remelting of mafic crust. 
By contrast, the trondhjemitic plutons and dykes contain 
a significant proportion of inherited zircon and the data 
obtained for cores indicate the presence of Archaean and 
Palaeo- to Mesoproterozoic components. The presence of 
these intrusions in the Köli Nappes and their absence in 
underlying units demonstrate that these units were still 
located outboard of Baltica at the time of magmatism 
and were only subsequently aggregated to the Baltican 
tectonostratigraphic units. 
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