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Three igneous rocks from the northemmost part of the Western Gneiss Region, west central Norway, 
have been dated using the U/Pb-zircon method. Two intrusions which are confined to allochthonous 
supracrustal cover units, one of them a trondhjemite dyke and the other a conformable felsic intrusion, 
yielded zircon ages in the interval of 45()...500 Ma. This defines the maximum age of thrusting for the 
concemed cover units. One of a group of pegmatite dykes, which had intruded a basement-cover contact 
and were subsequently folded by regional NE-SW trending upright folds, yielded an age of 401 ± 3 Ma. 
This age sets a lower age limit for the translation of this cover nappe and an upper age limit for the 
folding event. The time of emplacement of the Helgeland Nappe Complex of the Uppermost Allochthon 
is also discussed. 
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The Western Gneiss Region (WGR) of Norway is 
the westemmost part of Scandinavia. Lithological 
and age similarities between the Precambrian 
crystalline rocks of the WGR and the L75-L5 Ga 
old crust of the Southwest Scandinavian Domain 
farther south, have been pointed out by Gor
batschev (1985) and Gaål and Gorbatschev 
(1987). The region is crucial for the interpretation 
of the Proterozoic and Early to Mid Palaeozoic 
accretionary growth of the Baltic Shield. Pre

cambrian supracrustal gneisses, partly migma
tized granites-granodiorites and, to a lesser 
extent, mafic rocks make up most of the crust in 
the WGR. This Precambrian basement is overlain 
and interfolded with a cover of apparently alloch
thonous, granite-intruded supracrustal rocks and 
a variety of other tectonic units forming part of 
the Caledonian nappes. These supracrustal rocks 
and the associated granites are the main subject 
of the present pa per. The former are believed to 
be Late Proterozoic to Palaeozoic in age and to 
stem from areas west of present Norway. lnfold
ing of the cover and the Precambrian gneisses are 
tight and metamorphism is generally of amphibo
lite facies. However, local relics of granulite- and 
eclogite-facies rocks occur mainly in the west 
(Bryhni & Andreasson 1985; Griffin et al. 1985). 

The regional tectonic features of the north
emmost WGR have recently been outlined by 
Roberts (1986) and Tucker (1986). The relation
ship between basement in the WGR and Cale
donian cover units have been described by for 
example Krill (1985) and Krill et al. (1987), who 
applied a somewhat modified model of 
Wegmann's (1935) stockwork-tectonic inter
pretation in the Oppdal area (1980, Fig. l) of 
the Trondheim region. According to this view, 

the basement in that area of the WGR and the 
lower Caledonian nappes together form an infra
structure with higher-grade metamorphism and a 
more ductile pattem of deformation than that in 
the overlying Trondheim Nappe Complex. The 

latter constitutes a superstructure which was rela
tively rigid during the Caledonian orogeny. 

The term Vestranden is used here for the north
emmost part of the WGR. Originally it was pro
posed by Kjerulf (1871a, 187lb) for the area 
between Kristiansund in the south and Namsos in 
the north (cf. the 1:1 M Geological map of 
Norway, Sigmond et al. 1984) and was used later 
by Ramberg (1943, 1973) to refer to the basement 
dominated areas west of Trondheimsfjorden. In 
the present pa per, Vestranden is extended to 
include the coastal area of Trøndelag as far north 
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as Vikna island (cf. the 1:1 M Geological map of 
Norway, Sigmond et al. 1984). 

The chronology and the metamorphic and 
deformational characteristics of the Vestranden 
basement gneisses are broadly similar to those in 
the rest of the WG R. However, very little detailed 
work has hitherto been published on the Ve
stranden region. The area contains rock units 
belonging to the deepest structural levels in the 
Caledonides. The Precambrian 'basement' being 
included in undifferentiated Parautochthon and 
Lower Allochthon, and the cover units in the 
Middle and Upper Allochthons (Gee et al. 1985). 
The southeastern and the northernmost parts of 
Vestranden are overlain by the Trondheim Nappe 
Complex of the Upper Allochthon, and the Hel
geland Nappe Complex (HNC) of the Uppermost 
Allochthon, respectively. 

With a few exceptions (Johansson et al. 1987; 
Tucker et al. 1987), radiometric age deter
minations in Vestranden have so far been restric
ted to basement rocks yielding Precambrian ages 
(Priem et al. 1968; Råheim et al. 1979; Johansson 
et al. 1986; Schouenborg et al. in prep.). In 1982, 
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the Departmeiit of Mineralogy and Petrology at 
the University of Lund launched a dating pro
gramme in dose co-operation with the Laboratory 
of Isotope Geology at the Museum of Natura! 
History in Stockholm. To obtain a hetter control 
of the ages of the rock units in the Vestranden 
area, basement and cover rocks were sampled 
mainly for U /Pb-zircon da ting. The present study 
is part of this programme and focuses on the ages 
of nappe displacement and regional falding. 

General geology of the 
northernmost Vestranden 
The Folda-Vikna area, which is the site of the 
present study (Fig. 1), is characterized by poly
phasally deformed basement and cover units. The 
rocks are folded tightly together into consistently 
NE-plunging upright large-scale folds. Locally the 
basement-cover stratigraphy is inverted by recum
bent falding. The cover units are largely com
posed of supracrustal rocks. In this paper they 
are informally referred to as the Folda cover 
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Fig. l. Geological sketch map of the Folda-Vikna area, central Norway, based on Kollung (1967) and mapping by the author. 
The lower nappe complexes have not been differentiated. Only their upper thrust contact towards the Helgeland Nappe Complex 
is marked. Figs. 2 and 3 show detailed sketches of the sampled localities. The symbol digits are: l = Bindal Massif, western part 
of the Helgeland Nappe Complex; 2 = Heilhornet granite; 3 = Leka ophiolite; 4 = Gabbro; 5 = Folda cover with strike directions; 
6 = Basement rocks with indicated strikes and dips of fcliation; 7 = Megafold axes of antiforms (left) and synforms (right). Fe = 

Foldereid. 
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comprising all supracrustal rock units in the 
Folda-Vikna area tectonostratigraphically be
tween the migmatized basement rocks and the 
HNC. The existence of allochthonous units in 
the Folda cover has been demonstrated by 
Schouenborg (1986). The cover units wedge out 
southwestwards, where the folds become tighter 
and deeper erosional levels are exposed 
(Schouenborg 1986). The folds open up somewhat 
to the northeast, towards a thrust contact with 
the overlying Bindal Massif of the HNC (Fig. 1). 
The emplacement of the HNC pre-dates the late, 
NE-SW trending folds, the Bindal igneous rocks 
(Kollung 1967; Myrland 1972) appearing to have 
acted as a rigid overburden during this folding 
event. Consequently, deformation did not pen
etrate the Bindal rocks to the same extent as the 
underlying cover. On the other hand, supracrustal 
rocks occurring in the HNC exhibit a style of 
folding similar to that in the Folda cover. The 
thrust contact between the Bindal Massif and the 
underlying cover units is a very complex zone. 
It features imbricated rock slices derived from 
various tectonostratigraphic levels. This makes 
the western boundary of the HNC in the western 
Sørfjorden area (Fig. 3) a subject of much 
controversy. 

The basement (Birkeland 1958; Kollung 1967; 
Schouenborg 1986) in the Folda-Vikna area is 
composed largely of rnigmatized gneissic granites, 
tonalites, coarse-grained porphyritic granites and 
granodiorites; subordinate, intensely migmatized 
supracrustal rocks are also present. 

This basement is partly interfolded with the 
allochthonous units of the Folda cover where 
rnigmatite veins are absent or only poorly devel
oped (Schouenborg 1986). Rock units similar to 
the Folda cover have been described by Roberts 
et al. (1983) from an area southeast of the one 
considered here. Cover rocks analogous to those 
in the Folda area can be traced farther south into 
the Grong area (Fig. 1), where they have been 
described by Kollung (1979), Råheim (1979) and 
Andreasson & Johansson (1982). 

The dominant lithologies of the Folda cover 
are calc-silicate gneisses, marble, mica schists and 
rnica gneisses, amphibolites, psammites and semi
pelites, intruded by mafic, trondhjemitic and 
granitic rocks (cf. Kollung 1967 and Schouenborg 
1986). Some of the supracrustal rocks in the cover 
nappes resemble the granite-intruded supra
crustal sequences of the basement. A few base
ment-cover contacts apparently lack mylonitic 
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textures. Such contacts could possibly be primary 
unconformities. However, they can also be thrust 
contacts recrystallized during Caledonian meta
morphism. The latter interpretation is strongly 
supported by evidence from other basement
cover contacts in the folda-Vikna area where 
tectonic relationships can be observed (Schouen
borg 1986). No feeders of the trondhjemitic 
dykes in the Folda cover are present in the adja
cent basement. The only likely Caledonian rocks 
intruding the basement are scarce mafic dykes 
and minor bodies of pegmatite. 

One purpose of the present study was to date 
rocks intruding the Folda cover in order to con
strain its age and that of the thrusting which dis
connected these dykes from their feeders. 
Another was to constrain the age of thrusting and 
large-scale upright NE-SW folding by dating a 
pegmatite which had been intruded into the con
tact between Precambrian basement and the 
Folda cover. The pegmatite was deformed by the 
thrusting of the HNC (Kruhl 1984) and the late 
folding event affecting all basement and cover 
units alike. 

Field relationships of the sampled 
rocks 
The rocks sampled for the present study were 
collected from two areas, Foldereid and Sør
fjorden. In the Foldereid area (Fig. 2), only 
trondhjemites in the Folda cover sequence were 
sampled. In the Sørfjorden area (Fig. 3), sampling 
included both granite dykes beneath the Bindal 
Massif, in cover rocks of uncertain tectono
stratigraphic leve!, as well as pegmatites intruding 
the contact zone between the Folda cover and 
basement. 

Trondhjemite dykes south of Foldereid, sample 
84040 (UTM-coordinates 33W 03672 72056). -
The sampled dyke comes from a road cutting 
2 km south of Foldereid, on the southern side 
of Foldafjord (Fig. 2). In this place, numerous 
trondhjemite dykes ranging from some centi
metres to about l m in thickness intrude discor
dantly across lithological layering in the cover 
sequence. Prior to having been intruded by the 
trondhjemites, the cover calc-silicate rocks and 
other metasediments had been intruded by mafic 
dykes. Together these lithologies form a black
and white-banded, almost concordant, rock 
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Fig. 2. Geological map of the Foldereid region, also showing the main roads. This map is based on new mapping by the author. 
Sampling locality 84040 is marked by a star. Symbol digits: l = Basement rocks; 2-4 = Folda cover; 2 = Mica schists/gneisses 
also comprising lenses of calc-silicate rocks, marble and amphibolites; 3 = Calc-silicate gneisses; 4 = Marble; 5 = A gabbro. 

sequence. In detail, however, cross-cutting 
relationships between the calc-silicate cover 
gneisses and the dykes can be recognized (Fig. 
4A). The trondhjernite dykes are recrystallized 
and show no signs of strain. In search for potassic 
feldspar, thin-sections of the trondhjemite were 
stained according to the method of Widmark 
(1980), but no K-feldspar was found. Andesine 
and quartz make up over 90 vol.% of the white 
dykes. The accessory minerals are biotite, 
epidote, zoisite, apatite, zircon, and opaque 
rninerals. 

Sirnilar trondhjernite dykes are not present in 
the adjacent basement. 

Conformable intrusion on the northern shore of 
Sørfjorden, sample 85101 (UTM-coordinates 
33W 03639 72196). - This sample was collected 
from a freshly blasted outcrop of a light grey, 
fine- to medium-grained intrusive granite rock 
with a porphyritic texture. lts essential rninerals 
are oligoclase, rnicrocline and quartz, which also 
form phenocrysts reaching a few rnillimetres in 
size. Accessory rninerals include biotite, apatite 

and zircon; secondary muscovite is present as a 
product of late alteration. Several nearly con
cordant sheets of this felsic rock, up to a few 
hundred metres in thickness, are present in the 
cover of the Sørfjorden area (Figs. 3, 4B), which 
principally comprises mica-rich gneisses, marbles, 
semi-pelites and garnetiferous calc-cilicate 
gneisses. The rnicaceous gneisses contain quartz, 
plagioclase, biotite, microcline, garnet, and some 
muscovite. In places, staurolite and kyanite, 
partly h:placed by sillimanite, occur. This assem
blage represents peak metamorphic conditions of 
the concerned rocks and pre-dates the thrusting 
of the HNC (Kruhl 1984). Both the metasedi
ments and the conformable felsic intrusions are 
highly strained with a marked mineral stretching
lineation trending N60°E. Mylonitic fabrics are 
common and refolded folds in the cover have 
been rotated into a NE-SW direction. The con
cordancy of the metasediments and the intrusive 
rocks appears to be due to a primarily serni
conformable, sill-like configuration of the intru
sions accentuated by tectonic flowage and ro
tation. Intrusive units sirnilar to those from which 
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Fig. 3. Geological map of the western Sørfjorden region, also showing the main roads. Based on mapping by the writer and 
Torbjorn Kalm. Sampling localities 84039 and 85101 are indicated. Number symbols: l = Basement rocks; 2-5 = Folda cover; 
2 = Mica schists/gneisses with lenses of calc-silicates, marble and amphibolites; 3 = Calc-silicate gneisses; 4 = Marble; 5 = 

Conformable granitic intrusions; 6 = Gabbro; 7 = Heilhornet granite; 8 = Tourmaline granite. 

sample 85101 was obtained have not been found 
in the underlying Folda cover or the basement. 

Pegmatite, c/ose to the southern shore of Sørfjor
den, sample 84039 (UTM-coordinates 33W 03631 
72184). - In a road cutting west of Sørfjorden 
(Fig. 3), white pegmatite dykes intrude the con
tact between grey, gneissic basement granites to 
the west and dark grey-green, banded, calc-sili
cate gneisses, biotite-rich gneisses and semipelites 

of the overlying Folda cover to the east. These 
pegmatites are mostly concentrated in the contact 
zone of a few hundred metres thickness. The 
sampled dyke cuts the immediate contact. Peg
matite dykes of this kind reach 5 to 10 metres in 
thickness and mainly consist of quartz, oligoclase 
and perthite. In addition, they contain biotite, 
garnet, zircon, and opaque minerals (e.g. 
molybdenite). The cover lithologies east of the 
contact zone resemble those on the northern 
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shore of Sødjorden, described above, but 
deformation is stronger dose to the basement 
contact. The cover had undergone at least two 
phases of deformation before the intrusion of the 
pegmatite dykes. lnclusions of metasediments in 
the dykes show a typical S2-schistosity (Øystein 
Nordgulen, pers. comm. 1986). Subsequently to 
or possibly simultaneously with the intrusion of 
the pegmatites (Mark Piasecki, pers. comm. 
1986), deformation involving simple shear de
formed minor pegmatite veins emanating from 
the major pegmatite dykes. Mylonites and ultra
mylonites exceeding 5 metres in thickness simul
taneously developed in the semipelites of the 
cover unit. C-S fabrics (Berthe et al. 1979) and 
shear bands (Fig. 4C) indicate southeastward 
movement of the HNC relative to the Folda cover 
and the basement. The mylonitized metasedi
ments, the basement and the pegmatite dykes are 
folded about the regional, NE-trending axes of 
upright folds (Fig. 4D). 
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Anaiytical procedures for the 
radiometric age determinations 
Sample preparation and isotopic analyses were 
carried out at the Laboratory of Isotope Geology 
at the Museum of Natural History in Stockholm, 
Sweden. 

The zircons were separated from the crushed 
and pulverized rock samples using a continuous 
sieve, a Wilfiey wet shaking table, and heavy 
liquids (tetrabromoethane and Clerici solution). 
Paramagnetic mineral fractions were removed 
stepwise with a Franz isodynamic separator at 
currents increasing up to 1.6 A with 0° vertical 
and 5° horizontal tilt away from the operator. The 
!east magnetic zircons were further separated into 
size-fractions from which the most prismatic and 
inclusion-free crystals were picked by hand. The 
colour of these crystals is similar to that of the 
other zircons in the same sample. The selected 
zircons were then heated in hydrochloric and 

Fig. 4. O A. Cross-cutting relationships between trondhjemite dykes (sample 84040) and calc-silicate gneisses, 2 km S. Foldereid. 
O B. Rocks of the dated, conformable intrusion (sample 85101). Above the hammer there is a contact with mica gneisses of the 
cover, NW of Sørfjorden. O C. Mylonitic fabrics and a shear band in pegmatites (sarnple 84039) and cover semi-pelites. O D. 
Deformed pegmatites (sarnple 84039) folded around the regional, NE-SW trending axes of falding. Basement-cover contact at 
the southem shore of Sørfjorden. 
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nitric acids, rinsed in triple-distilled H20 and were used. Mass fractionation corrections of 
washed in double-bottled H20 in an ultrasonic 0.10%/AMU for U and 0.12%/AMU forPb were 
bath. U and Pb were extracted from the zircons made. 
and separated for mass spectrometric analysis 
following the method of Krogh (1973), using a 
spike enriched in 235U and a 208Pb spike. Modi
fications include electrolytic deposition of Pb as 
described by Christiansson (1982). The uranium 
isotopes were measured on an A VCO 901-A mass 
spectrometer and the lead isotopic ratios on a 
MAT 261 mass spectrometer in multicollector 
configuration. Both U and Pb were loaded on 
single Re filaments using a phosphoric acid/Ta 
technique, and the phosphoric acid/silica gel tech
nique (Cameron et al. 1969), respectively. Data 
reduction of isotopic compositions followed the 
procedure of Ludwig (1980). The analytical errors 
stated at the 2a Jevel and estimated from 
replicate analyses, are considered to be Jower 
than 0.4% for 206Pbj238U, and about l% for the 
207Pbj2°6Pb and the 207Pbj235U ratios. The decay 
constants recommended by the IUGS Subcom
mission on Geochronology (Steiger & Jager 1977) 

The total Pb contarnination as determined by 
parallel blanks was about 1.2, 0.8 and 0.5 ng for 
samples 84040, 85101 and 84039, respectively. To 
correct for initial common-lead, the following 
values were used based on the Stacey & Kramers 
(1975) model growth curve for 500 Ma and 400 Ma 
Jead, respectively: samples 84040 and 85101: 

206Pbj2°4Pb = 17.9, 207Pbj204Pb = 15.6, 208Pb/ 
204Pb = 37.7, sample 84039: 206Pbj204Pb = 18.1, 
207Pbj204Pb = 15.6, 208Pbj204Pb = 37.9. 

Zircon descriptions and discussion 
of the analytical results 
Sample 84040, Foldereid trondhjemite dykes. -
The zircons have length-width ratios between 3 
and 4. They are faintly pink in colour, trans
parent, and show compositional zoning. The crys
tals have fairly well developed prismatic shapes 

Table l. U-Pb analytical data of zircons. All zircons are non-magnetic at 1.6 A using a Franz isodynamic separator. The 'mg 
sample analysed' values are proportional to the amount of zircons in each size fraction. 

mg 206Pb 207Pb 207Pb 206Pb 

Fraction sample u Pb rad. 204Pb 206Pb 235U 238U 
Sample (llJll) analysed (ppm) (ppm) a b b b 

Trondhjemite 
84040 <45 1.4 725 53 1779 0.0523 0.5310 0.0737 

45-74 2.2 1210 90 8762 0.0572 0.6018 0.0764 
74-106 3.9 777 58 14715 0.0586 0.6173 0.0764 

106-150 3.2 949 66 18274 0.0597 0.5836 0.0709 
>150 3.7 736 55 29548 0.0602 0.6400 0.0770 

Conformable intrusion 
85101 <45 2.5 2338 168 3975 0.0568 0.5847 0.0746 

45-74 8.0 1999 146 10544 0.0570 0.5952 0.0757 
74-106 9.5 1851 138 41383 0.0570 0.6115 0.0778 
106-150 6.0 1946 149 30520 0.0569 0.6293 0.0802 
>150 1.7 2373 177 23921 0.0576 0.6215 0.0782 

Pe�atite 
84039 45-74 8.2 6108 356 10145 0.0548 0.4840 0.0645 

74-106 11 6267 364 8842 0.0542 0.4805 0.0642 

106-150 12 6378 368 8838 0.0542 0.4768 0.0638 

15()..210 13 6468 375 8712 0.0541 0.4786 0.0641 

>210 15 5462 318 12422 0.0547 0.4837 0.0642 

15()..210* 12 6598 376 8100 0.0551 0.4770 0.0628 

a Atomic ratios corrected for blank. 
b Corrected for blank and common lead. 
• Air-abraded zircons. 
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with pointed terminations (Fig. SA, B). A few 
zircons have small cores that are rounded, brown, 
and translucent. lnclusions are scarce. The zircon 
yield from this sample was very poor (Table 1). 
Five size-fractions ( <45 to > 150 �-tm) were 
analysed. The results are listed in Table l and 
plotted in Fig. 6A. The finest size fraction 
contained only 1.4 mg of zircon, which led to 

A 

E - •• 
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high relative common-lead contamination during 
chemical preparation and analysis. The analysis 
of the abraded size-fr action between 45 and 7 4 11m 
resulted in a very large arialytical error, which is 
most probably due to an insufficient number of 
zircons. This analysis has not been considered in 
the calculation of the rock age. The remaining 
fractions are somewhat discordant. The estimated 

Fig. 5. Zircons from the three dated rocks. The widths of the crystals are c. 74-106 JUli. The microphotographs showing the zircons 
in transmitted light were laken with the crystals in an immersion liquid with a refraction index of n = 1.90. O A. A rounded core 
in a compositionally zoned, elongated zircon crystal; sample 84040, transmitted light. O B. Scanning electron microscope (SEM) 
photograph of zircons with prismatic habits and pointed terminations; sample 84040. O C. Numerous inclusions and weak 
compositional zoning in zircons of sample 85101, transmitted light. OD. SEM photograph showing a prismatic crystal from sample 
85101. O E. Dark-brown elongated crystals; sample 84039, transmitted light. OF. SEM photograph of a zircon with primary 
magmatic habit and multiple twinning; sample 84039. 
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Fig. 6. A-C. U/Pb concordia diagrams with 2-sigma error boxes for the five analysed zircon size-fractions. Note the great 
enlargement of the scales. O A. Trondhjemite dyke 84040. O B. Conformable intrusion 85101. O C. Pegmatite 84039. The first 
two diagrams are based on the following size-fractions: l =  <45 f!m, 2 = 45-74 f!m, 3 = 74-106 f!m, 4 = 106-150 !!ffi, 5 = >150 f!m. 
OD. Enlargement of the concordia diagram for sample 84039, also showing the abraded sample of size-fraction 15(}..210 !!ffi. Note 
that error boxes have not been marked here. 

age of intrusion could possibly be Precambrian 
and later almost completely reset during the 
Caledonian orogeny. However, such an expla
nation finds no support elsewhere in the Upper 
or Uppermost Caledonian Allochthon. A more 
plausible interpretation is that of an intrusion 
age somewhere within the 4SO-SOO Ma bracket. 
Incorporation of some older zircons from the 
wall-rock probably accounts for the few cores and 
the scatter in the concordia diagram. 

In addition, recrystallization of the trondhjem
ites during the Scandian metamorphic event in 
the lower Silurian-early Devonian (Gee 197S) 
may have led to a partial resetting of the isotopic 
ages. An intrusion age doser to SOO Ma than to 
4SO Ma is therefore preferred. 

Sample 85101, Sørfjorden conformable intru
sion. - The zircons of this sample are fine-grained. 
Crystals more than 1SO J.lm in width are alm ost 

absent. Length to width ratios are around 3. Typi
cally, the zircons are colourless to slightly brown
ish, and exhibit weak compositional zoning and 
numerous, mostly opaque, inclusions. Well
developed prismatic shapes are typical (Fig. SC, 
D), which indicates a primary magmatic 
origin (cf. Claesson et al. 1983). The brownish 
varieties sometimes carry older cores. Five 
size-fractions between <4S and > 1SO J.lm were 
analysed. The results are closely concordant but 
spread along concordia (Fig. 6B). A likely mini
mum intrusion age is between 460 and SOO Ma. 
This is in agreement with all but one of the fraction 
isotope ages. 

Sample 84039, Sørfjorden pegmatites. - These 
zircons have length-width ratios between 4 and 
S. They are dark brown, almost opaque and have 
a primary magmatic habit (Fig. SE, F). Com
positional zoning is clearly developed and twin-
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ning is common. The sample contains a large 
amount of coarse-grained crystals (Table 1). 
There are no optically visible cores. Five zircon 
fractions with sizes between 45 and >210 !J.m were 
analysed by standard procedures. They are all 
very rich in uranium and radiogenic lead (Table 
1). High uranium contents and very dark
coloured crystals have also been recorded from 
other Caledonian pegmatite dykes around 400 Ma 
in age (Schouenborg et al. in prep.). As shown in 
Fig. 6C, all fractions are concordant within the 
estimated limits of error. The average 206Pbf38 U 
age for all fractions is 401 ± 3 Ma, which probably 
represents the best estimate of the intrusion age 
of the pegmatite. However, abrasion of the size
fraction between 150 and 210 IJ.m yielded an zrnPb/ 
206Pb age of 418 ± 5 Ma. 

All fractions except the abraded one p lot on or 
slightly above concordia (Fig. 6D), which is likely 
to be an effect of U-loss. The abraded fraction, 
however, has the highest U-content (Table l), 
and is slightly discordant. While it may be argued 
that the core parts of the abraded large crystals 
preserve the original U-contents and the resultant 
isotope relationships best, this is hardly evidence 
enough to invalidate the age obtained from all 
the other near-concordant analyses, including the 
unabraded size equivalent of the abraded 
fraction. Still, a precise age determination of the 
intrusion would require additional work. 

Discussion 
Age determinations in the WGR have until 
recently been concentrated in its southern and 
central parts. As seen from the compilation by 
Kullerud et al. (1986), continental crust in that 
region was formed at !east 1600-1750 Ma ago. 
This age interval is in good agreement with many 
radiometric age determinations from Vestranden. 
Protolith ages obtained by the U/Pb-zircon and 
Rb-Sr methods for basement granitic and grano
dioritic gneisses vary between c. 1630 and 
1830 Ma (Priem et al. 1968; Johansson et al. 1986; 
and Schouenborg et al. in prep.). At !east some 
of the basement gneisses in Vestranden have also 
undergone high pressure granulite-facies meta
morphism similar to that in the southern part of 
the WGR (Johansson & Moller 1986). In the 
experience of the present author and Leif 
Johansson (pers. comm. 1987), the high pressures 
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and temperatures characterizing metamorphism 
in the southern parts of Vestranden and in the 
WGR decline somewhat towards the north
ernmost Vestranden. 

The present study shows that most of the Folda 
cover, which is interfolded with the Vestranden 
basement, was emplaced during the Caledonian 
orogeny. Caledonian thrusting occurred in several 
stages. In the Middle Allochthon the formation 
of some thrust interfaces between basement slices 
and supracrustal rocks occurred already in the 
Early Ordovician, 485 ±50 Ma ago (Claesson 
1980). 

This thrusting occurred before most of the Cale
donian metamorphism and igneous activity, and 
long before the main Scandian thrusting of the 
nappes on to the Baltic Shield. Much of the Upper 
Allochthon bad reached peak metamorphic con
ditions before the Scandian event (Bryhni & 

Andreasson 1985). Thrust emplacement of the 
studied nappe units in Vestranden occurred after 
they bad been intruded by the Foldereid 
trondhjemites and the Sørfjorden granite dykes, 
that is, later than 450-500 Ma ago. These 
trondhjemitic and granite intrusions are con
centrated to the Upper and Uppermost Alloch
thons, and Jack equivalents in the Vestranden 
basement. 

The same also applies to trondhjemitic 
intrusions in the Gula Nappe in the Trondheim 
region (Size 1979, 1985). Some of these 
trondhjemites have been dated by Klingspor & 

Gee (1981), who obtained one U/Pb-zircon age 
and four Rb-Sr ages in the range between 
447 ± 47 and 478 ± 37 Ma. In addition, the Vak
kerlien trondhjemite in the same cover unit 
yielded a U/Pb-zircon age of 509 ± 5 Ma (pers. 
comm. in Stephens et al. 1985, p. 646). A U/Pb 
age determination (Schouenborg et al. in prep) of 
zircons from migmatite neosomes in the northern 
Vestranden basement near Rørvik (Fig. 1), 
yielded a zircon age of 433 ± 23 Ma, which is 
interpreted as the age of the later one of at 
!east two periods of migmatite formation. This 
rnigmatite is separated from non-migmatitic cover 
rocks of the Folda type by an ultramylonite 
reaching up to 25 metres in thickness (Schouen
borg 1986). The thrusting of the allochthonous 
units of the Folda cover is thus constrained by the 
ages of the trondhjemite intrusions and the age 
of the Caledonian basement migmatite that is 
truncated by the thrusts. The younger time-limit 
for this emplacement is given by the 401 ± 3 Ma 
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zircon age of pegmatites intruding a basement
cover contact. 

The significance of a late Scandian regional 
thermal event around 400 Ma ago is emphasized 
by several age determinations farther south in 
the Vestranden area: Pegmatite intrusions in the 
basement near Namsos (Fig. l) yielded an age of 
404 ± 2 Ma (Schouenborg et al. in prep.), which 
is in agreement with the U /Pb-zircon age of the 
pegmatites investigated in the present study. 
According to U /Pb titanite and zircon da ting by 
Tucker et al. (1987), high- and medium-grade 
metamorphism in the western Trondheim region 
affected basement gneisses and supracrustal 
gneisses 395 ± 2 Ma ago. The existence of a c. 
400 Ma thermal event is also supported by man y 
U/Pb-zircon lower-intercept ages in the WGR 
(Kullerud et al. 1986). 

Ductile deformation took place simultaneously 
with or somewhat later than the 400-Ma old Early 
Devonian (Peucat et al. 1986) thermal event. This 
event of deformation was associated with the 
emplacement of the HNC. It produced extensive 
mylonites and appears to have triggered renewed 
movements along or parallel to some of the earlier 
thrust contacts. Still later, basement and cover 
units were folded together in consistently NE
SW to ENE-WSW trending, mostly tight, macro
folds. However, it remains an open question 
whether this deformation can be correlated with 
the similarly NE-SW to E-W trending folding of 
the Old-Red Sandstone of south central Norway 
in a Late Devonian, SE-directed compressional 
or transpressional field (Roberts 1983). 

Conclusions 
• This investigation shows the presence in the 

Vestranden area of 450-500 Ma old trondhjem
itic dykes which are confined to the studied 
cover unit. This suggests that these rocks were 
intruded before the emplacement by thrusting 
of this Caledonian cover onto its present Pre
cambrian basement. 

• Together with a dating of basement migmatite 
neosomes, which will be published separately, 
the present age determinations constrain the 
maximum thrusting age of the allochthonous 
units of the Folda cover to c. 430-450 Ma ago. 

• The studied cover unit can thus be identified as 
belonging to the Caledonian nappes. 
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• A minimum age of its thrusting is defined by 
the U /Pb-zircon age of the pegmatites which 
intruded the contact between basement and 
lower cover. With reservation for the sig
nificance of a 418-Ma age of an abraded zircon 
fraction, this intrusion occurred 401 ± 3 Ma 
ago. 

• Extensive late mylonites developed mainly in 
the Folda cover dose to its basal thrust contacts. 
These mylonites were formed simultaneously 
with or somewhat after the intrusion of the 
dated pegmatite, i.e. .;;400 Ma ago. Mylon
itization of the Folda cover in the Sorfjorden 
area is correlated with the emplacement of the 
Helgeland Nappe Complex, of the Uppermost 
Allochthon, onto the 'Folda' cover possibly 
equivalent to the Upper Allochthon. 

• The pegmatites and the mylonites deforming 
them have been folded into a major upright 
antiform to the southwest of Sørfjorden (Fig. 
3). 

• The present study indicates that the age of this 
late regional, NE-SW trending folding must be 
younger than c. 400 Ma. 
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