
Proterozoic orogenic magmatism within the 
Western Gneiss Region, Sunnfjord, Norway 

ØYVIND SKÅR, HARALD FURNES & STEFAN CLAESSON 

Skår, Ø., Furnes, H. & Claesson, S.: Proterozoic orogenic magmatism within the Western Gneiss Region, Sunnfjord, Norway. 
Norsk Geologisk Tidsskrift, Vol. 74, pp. 114-126. Oslo 1994. ISSN 0029-196X. 

The Askvoll group, in the westernmost part of the Western Gneiss Region, Norway, is a sequence of mylonitic and phyllonitic 
schists that houses metagabbroic to granitic rocks, of which the former predominate. It comprises three tectonostratigraphic units. 
The highest Sandvika Unit consists of phyllonites, quartz schists, marble and fragments of tholeiitic, MORB-type metagabbro. The 
Vikanes Unit is dominated by epidote-actinolite mylonites and minor amounts of felsic schists and phyllonites, hosting abundant 
lenses of calc-alkaline metagabbros and subordinate granodiorites, quartz diorites and granites. A quartz diorite has yielded a 
U/Pb-zircon age of 1640.5 ± 2.3 Ma, and is interpreted to date the calc-alkaline magmatism. The chemical composition of the 
epidote-actinolite mylonites is very similar to that of the calc-alkaline metagabbros. The Kumble Unit at the bottom contains felsic 
schists and garnet-amphibole mica schists with lenses of garnet-amphibolite. The calc-alkaline metagabbros and associated 
differentiates in the Vikanes Unit represent are magmatism. The epidote-actinolite mylonites are genetically related to the gabbros. 
On the basis of the geochemical characteristics, it is proposed that the heterogeneous Askvoll group was formed by 
subduction-related are magmatism. The igneous rocks of the Askvoll group correlate well with time coeval rocks in southwestern 
Sweden and southern Norway. These were formed during the Gothian/Kongsbergian/Labradorian orogeny ( 1700-1500 Ma) when 
subduction-related magmatism occurred along the margins of present Fennoscandia and northeastern Laurentia. 
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Introduction 

The Precambrian crust in Norway, Sweden and Finland 
shows a pattern of younging towards the southwest (Fig. 
l A). The Southwest Scandinavian Domain comprises 
southwestern Sweden, and southern and western Norway 
( Fig. l A). It consists predominantly of various gneisses 
ranging in age from -1 750 Ma to 830 Ma (Fig. l B), 
amongst these the main part was formed during the 
Gothian/Kongsbergian orogeny (Demaiffe & Michot 
1 985; Kullerud et al. 1986; Padget 1 990; Tucker et al. 
1990; Park et al. 1991). 

The Precambrian basement in South Norway (Fig. 
l A) consists of migmatites, various Gothian/Kongsber
gian ortho- and paragneisses, and Sveconorwegian syn
to post-kinematic intrusions (Gorbatschev 1 985) .  The 
Western Gneiss Region (WGR) comprises the western
most part of the South Norwegian Precambrian ( Gor
batschev 1985; Milnes & Koestler 1 985; cf. Fig. l A). 

According to Kullerud et al. ( 1986), three main tec
tonothermal episodes can be recognized in the WGR. 
The protoliths of paragneisses, followed by ortho
gneisses, are the oldest rocks. They were formed between 
1 750 and 1450 Ma (Middle Proterozoic), during the 
main ernst-forming event. It must be commented that the 
paragneisses are all dated by Rb-Sr whole rock ages with 
considerable uncertainty. In the north central part of the 
WGR U-Pb dating has shown that the major crust 
formation was in the time interval of 1686 to 1653 Ma, 
which is correlative with the Transscandinavian Granite-

Porphyry Belt (Tucker et al. 1990). The next tectonother
mal episode occurred between 1250 and 9 50 Ma ago 
(Late Proterozoic), when various igneous rocks were 
intruded. During the Ca1edonian orogenesis the rocks 
were structurally and metamorphic reworked, with eclo
gite facies metamorphism around 420-41 O Ma, and sub
sequent amphibolite facies metamorphism around 400-
390 Ma (Griffin 1987). 

The origin, age, and tectonostratigraphic appurtenance 
of the Askvoll group in the WGR ( Fig. 2A, cf. Skjerlie 
1 969) have long been controversial. Skjerlie interpreted 
the Askvoll gro up to be metasupracrustal rocks of Lower 
Palaeozoic age, a view shared by Furnes et al. ( 1976), 
who, however, redefined the extent of the Askvoll group 
to the area as indicated in the present paper. Skjerlie & 
Pringle ( 1 978) included the Askvoll group in the 'Vevring 
Comp1ex' (which is part of the Sunnfjord nappe of 
Precambrian age) that was considered to have been 
thrusted onto the rest of the WGR during the Sveconor
wegian orogeny. Swensson & Andersen ( 1 99 1 )  inter
preted parts of the Askvoll group to be allochthonous 
rocks emp1aced during the Caledonian orogeny. They 
relate the mylonitic character of the rocks of the Askvoll 
group to extensional deformation in the post-Caledonian 
K vamshesten Detachment Zone, which the Askvoll 
group is a part of ( Swensson & Andersen 1 99 1 ;  Sæbø 
Hveding 1 992). 

The aim of this article is to find, with the help of 
geochemistry, the platetectonic setting of the igneous 
rocks of the Askvoll group, and a precise U-Pb age of 
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the rocks enables us to discuss the relationship between 
this part of the WGR and the rest of the Southwest 
Scandinavian Domain. 

Geology, petrography and age 

The rocks in the Sunnfjord Region ( Fig. 2A) have been 
subdivided in to three tectonostratigraphic units ( Brekke 
& Solberg 1987; Andersen et al. 1990). The uppermost 
of these units comprises the Late Ordovician Solund
Stavfjorden ophiolite complex and its cover of meta
sedimentary and metavolcanic rocks ( Furnes et al. 
1990). The middle unit is composed of various syenitic to 
charnockitic orthogneisses, granites and gabbros 
( Kolderup 1921), overlain by pre-Silurian and Silurian 
metasediments ( Brekke & Solberg 1987; Andersen et al. 
1990). The upper and middle tectonic units are separated 
by an obduction melange related to the emplacement of 
the Ordovician ophiolite complex (Andersen et al. 1990; 
Alsaker & Furnes 1994). 

The lower tectonic unit comprises the Proterozoic 
rocks of the WGR ( Fig. 2A). In the Sunnfjord Region 

(Fig. 2A), Bryhni (1966, 1989) and Skjerlie & Pringle 
( 1978) distinguished several complexes and groups. In 
simple outline this part of the WGR can be subdivided 
into (l) the Askvoll group, (2) the Fjordane comp/ex of 
paragneisses associated with augengneisses, amphibolites, 
eclogites and meta-anorthosites, and (3) the Jostedal 

complex of migmatitic orthogneisses (Fig. 2A). 
The Askvoll group was subdivided by Swensson & 

Andersen (1991) into the Gjervika, Vikanes and Kumle 
Units. This subdivision is largely similar to the one used 
here. However, we have renamed the Gjervika Unit as 
the Sandvika Unit, because of its larger extent than that 
of the original Gjervika Unit ( Fig. 2B). In descending 
order the Askvoll gro up comprises: (l) The Sandvika 
Unit dominated by phyllonites, quartz schists, marble 
and a few metagabbroic lenses. (2) The Vikanes Unit is 
the largest of the three, and is dominated by epidote-acti
nolite mylonites. Throughout this unit occur abundant 
metagabbro and minor bodies of granodiorite, granite 
and quartz diorite. Felsic schists are most frequent in the 
lower part of the unit. The boundary between the Sand
vika and the Vikanes Units is gradational, and represents 
a change from dominantly quartz-rich schists to chlorite-
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actinolite mylonites. (3) The tectono-stratigraphically 
lowest Kumle Unit outcrops only on Atløy (Fig. 2B). It 

consists predominantly of felsic schists, and minor occur
rences of gamet-amphibole mica schist with lenses of 
gamet-amphibolite. Its boundaries with the Vikanes Unit 

and the adjacent gneisses are concordant, sharp, but 
tectonized. 

Petrography of the Askvoll group 

The lithologies of the Askvoll group are indicated in Fig. 
2C. Classification of the igneous rocks and of the my
lonites is according to Streckeisen ( 1976) and Sibson 
( 1977), respectively. 

Marble occurs in the middle to lower parts of the 

Sandvika Unit and altemates with phyllonite or quartz 

schist. The contact with the surrounding rocks is sharp 
or gradational. The marble layers are l mm to 50 cm 
thick, and thicker ones featuring 2-3 mm thick grey to 
white mylonitic laminae. In addition to dominant calcite, 
muscovite, opaques and K-feldspar are present. 

Phyllonite is the principal rock of the Sandvika Unit, 
but also occurs in the epidote-actinolite mylonite of the 

Vikanes Unit. It comprises numerous horizons < l to 

40 m in thickness. It features mylonitic to ultramylonitic 
textures, the main type being made up of sericite, mus
covite, albite, quartz and minor amounts of chlorite, 

calcite, epidote, sphene, and tourmaline. A subsidiary 
type consists of albite, actinolite, biotite, epidote, and 
minor calcite and titanite. 

Fe/sic schists are best developed on Atløy (up to 1 50 m  

in thickness; Fig. 2C), where they are present in both the 
Vikanes and Kumle Units. The boundaries with the 
epidote-actinolite mylonite are sharp. The rock consists 

of al tema ting O. l -3 cm thick white and grey hands, and 

locally contains thin layers of mica schist. The compo
nent minerals are . quartz, plagioclase, muscovite, K
feldspar, epidote and minor amounts of biotite, chlorite, 
titanite, apatite, zircon, and opaques. Grain size is med

ium and the texture is defined by elongated heteroblastic 
crystals. 

Quartz schist occurs throughout the Sandvika Unit. 
Commonly, it forms layers of 10-30 m thickness, but 
there are also thinner (0.2-2 m) layers, in altemation 
with phyllonite. In addition to quartz (70-80%), plagio
clase, microcline and muscovite are the principal miner
als. In the thickest layers, granitic hands up to lO cm 
thick occ.ur. 

Epidote-actino/ite mylonite is the dominant rock in the 

Vikanes Unit. This is a rather uniformly light grey, 
strongly foliated rock. It occurs in altemation with white 

feldspar-rich bands a few centimetres to l m in thickness, 
which contain thin stringers of only quartz or feldspar. 
The epidote-actinolite mylonite usually comprises por
phyroclasts of 40-50% plagioclase (albite and oligo
clase), 10-20% actinolite, 10-20% epidote, and minor 
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quartz, set in a matrix of biotite and polycrystalline 

quartz (5-20%). The plagioclase grains, which are vari

ably saussuritized, are usually surrounded by newly crys

tallized albite and oligoclase, and the rock may hence be 
classified as a blastomylonite. 

Garnet-amphibole mica schist occurs in the Kumle Unit 
on Atløy (Fig. 2B), where it forms a lower 100 m in 
thickness. It is mylonitic, lepidoblastic, porphyroblastic 
and poikiloblastic. The main minerals are quartz, mus
covite, plagioclase and biotite, but there is also up to 
20% actinolite and 10% gamet. 

Garnet-amphibo/ite appears as 0. 1 -2 m thick and up to 
6 m long lenses in the gamet-amphibole mica schist. This 
medium-grained rock is nematoblastic, porphyroblastic 
and poikiloblastic in texture, and consists of homblende 
and actinolite (60-75%), saussuritized plagioclase (5-
10%), garnets partly retrograded to chlorite (5-20%), 
epidote (2-5%), and quartz ( 1 -5%). 

Metagabbro of the Sandvika Unit is most abundant on 
Vilnes (Fig. 2B), where it occurs as tectonic lenses up to 
50 m in length. The lenses are usually much smaller 
( < l m). The metagabbro is medium-grained and hetero
granular, and the smaller bodies have a pervasive ftaser 
texture. In one of the larger bodies, varitextured 
metagabbro, very similar to that observed in the upper 
part of ophiolitic gabbro (e.g. Skjerlie et al. 1 989), oc
curs. Metabasalt dykes are found in one of the metagab
bro bodies on Vilnes (Fig. 2b). 

The metagabbro of the Vikanes Unit occurs as elip
soidal bodies in the epidote-actinolite mylonites. Most of 
these bodies are small (0.5-20 m thick), but some large 
bodies (up to 200 m thick and > 4 km long) occur in the 
middle and eastem parts of the map area (Fig. 2B). At 
the boundaries to the epidote-actinolite schist, the 
metagabbro has a pronounced ftaser texture, but in the 
central part of the large bodies, the primary igneous 
texture is well preserved. There the rock is massive 
without signs of layering. It is medium grained, and the 
subhedral to anhedral grains in some cases show a 
subophitic texture. The metagabbro is made of variable 
amounts of plagioclase and amphibole, with minor 
amounts of epidote, biotite, chlorite, titanite, opaques, 
apatite and quartz. The plagioclase (An2s-3s) is saussuri
tized, and homblende is the dominant amphibole, to
gether with minor amounts of actinolite and tremolite. 

In a few cases the metagabbro is cut by dykes (up to 
l m thick) of fine-grained, porphyritic metabasalt, con
sisting predominantly of actinolite ( 60-70%) saussuri
tized plagioclase (30-40%). There are also small 
amounts of ilmenite rimmed by leucoxene, and tine 
biotite grains. 

Within several of the massive metagabbro bodies east 
of Askvoll (Fig. 2B) are inclusions of variously sized 
bodies of coarse-grained metapyroxenite, and, occasion
ally, metawehrlite. They show typical adcumulate tex
tures, and are thought by the authors to represent 
segregations of earlier fractionates (e.g. Furman & Spera 
1985). 
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Table la. U-Pb data for quartz diorite A lO of the Vikanes Unit. 

Sample Concentrations 
92010 (A 10) in ppm 

Fractionb u Pb,.d 204pb 

< 45 238 76 0.0235 

45-74 226 75 0.0086 

74-106 272 91 0.0078 

> 106 258 85 0.0312 

74- t06•b 218 72 0.0029 

206pb 
204pb 

2400 

6500 

8500 

2000 

18,000 

208pb 
206pb 
0.2570 

0.2432 

0.2409 

0.2332 

0.2566 
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Atomic ratios• 
and model ages in Ma 

206pb 
23spb Age 

0.27493 ± 44 
1566 

0.28678 ± 43 
1625 

0.28824 ± 49 
1633 

0.28669 ± 54 
1625 

0.28427 ± 148 
1613 

207pb 
23spb Age 

3.8057 ± 167 
1594 

3.9849 ± 80 
1631 

4.0078 ± 84 
1636 

3.9862 ± 187 
1631 

3.9548 ± 237 
1626 

207pb 
206pb Age 

0.10040 ± 38 
1631 

0.10078 ± 12 
1638 

0.10084 ± 12 
1640 

0.10084 ± 39 
1640 

0.10090 ± 27 
1641 

• 206Pbf204Pb corrected for blank and mass discrimination; all other atomic ratios also corrected for initial lead. Errors are given as !east significant digits at the 
95% confidence leve!. Corrections for sarnple 92010: Discrimination U 0.05%/AMU Pb 0.12%/AMU. Blank U O. l ng Pb O. l ng. Common lead 206Pbf204Pb 15.9 
207Pbf04Pb 15.3 208Pb/204Pb 35.5. (Stacey & Kramer 1975 growth curve) . 

b Size fraction in pm; ab = abraded as described by Krogh (1982). 

Granodiorite : Within one of the metagabbro bodies ca. 
l km NW of Holmedal ( Fig. 2B) there is a discontinuous 
zone (ca. 500 m long and lO m wide) of medium-grained 
granodiorite consisting of plagiodase (An

27
_35 , 20-

30%), mesoperthite ( 30-40%), quartz ( 20-30%), K
feldspar ( 1 - 10% ), and aggregates ( 5%) of fine-grained 
biotite and epidote. Accessory minerals are zircon, titan
ite and apatite. The boundary between the metagabbro 
and the granodiorite is not exposed, but the two may be 
genetically related. This inference is based on a number 
of compositional changes in the metagabbro dose to the 
interface with the granodiorite. Thus the amounts of 
K-feldspar and quartz increase, and pegmatitic veins are 
present. 

Granite : Light orange-coloured granite occurs in lenses 
up to 40 m long and l m wide throughout the Vikanes 
Unit. This is a heteroblastic, medium-grained rock that 
consists of K-feldspar (40-60%), plagiodase ( 20-30%), 
quartz (20-25%), and accessory muscovite ( l %), titan
ite, epidote, zircon, and oxides. 

Quartz diorite : Lenses of quartz diorite have only been 
observed in a few places, and most abundantly on 
Haugsnes (UTM 876 086) on Atløy ( Fig. 2B), where the 
sample used for age determination was collected. The 
rock is light grey, heteroblastic medium grained. It con
sists of albite (60-70%), microdine and perthites ( 5 -
10%), quartz (20-35%), and 2 - 3 %  o f  tiny grains 
of biotite, epidote, zircon, and irregular aggregates of 
titanite. 

U/ Pb geochronology 

Approximately 50 kg quartz diorite from the Vikanes 
Unit (locality at Haugsnes UTM 876 086, Fig. 2B) was 
sampled for zircon U /Ph dating. The zircons vary from 

euhedral prisms to subrounded crystals that are predom
inantly transparent and light brown in colour. The con
centration of zircons followed standard procedures for 
the separation of heavy minerals, and was carried out at 
the Geology Department of the University of Bergen. 
The zircons were split in to several size fractions, of which 
one was abraded in accordance with the method of 
Krogh ( 1982). Subsequent sample preparation and mass 
spectrometry were carried out in the 'Laboratoriet 
fOr isotopgeologi' at the Naturhistoriska Riksmuseet, 
Stockholm. 

The chemical preparation was done using standard 
methods induding ion exchange separa_9?n of U and Ph 
by HBr and HCI. Analytical results and particulars are 
presented in Table l a. The Pb/U and Pb/Pb ratios were 
estimated according to Ludwig ( 199 l a), and discordia 
line intercepts were calculated according to Ludwig 
( 199 l b) .  

The regression line through all data points is  plotted 
in Fig. 3. It has an upper concordia intercept at 
1 640.5  ± 2.3 Ma, with a MSWD value of 0.63 . Since the 
analysed fractions are dose to concordant, the lower 
intercept has a large uncertainty (254 ± 225 Ma). The 
abraded zircon fraction is no more concordant than the 
other fractions, and does not deviate from the discordia 
line. This indicates that the zircon population is homoge
neous without significant amounts of older cores or 
younger overgrowths. 

One crystal from the 106- 1 50 Jim size fraction was 
mounted directly in a Re filament, and its Ph isotopic 
composition was analysed in three steps at increasing 
temperatures.  Essentially, the technique described by 
Kober ( 1987) was followed. The measured Ph isotope 
ratios and the calculated 207Pbj206Pb ages are given in 
Tab le l b. The above condusion that the zircon popula
tion is homogeneous is supported by the results from the 
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Table lb. Analytical dala for Kober analysis of one ca. 150 l'lll zircon cryslal 
from sample 92010 (UTM 876 086). 

Atomic ratios 
Heating Temp. Age (Ma) 
Slep o c 206Pb/'04Pb 207Pb/206Pb•·b 2o1Pb/206Pbb 

1380 6200 0.10143 ± 180 1650 ± 34 
2 1450 19,900 0.10163±79 1654± 15 

3 1500 25,900 0.10150±91 1652 ± 13 

• Corrected for initial Pb. b Errors given as l sigma. 

0,30 

0,29 
206pb 
238u 

0,28 

0,27 

3,5 

Intercepts at 
1640,5 ± 2,3 and 254 ± 225 Ma 
MSDW=0,63 

3,7 3,9 

207Pbt235u 

4,1 4,3 

Fig. 3. Concordia diagram showing data of zircon fractions from quarl2 diorite 
A lO from the Vikanes Unit. Fraction sizes in 11m; ab = abraded fraction. 

Kober analysis. Within error limits the three analysed 
steps all give similar 

2
07Pbj

2
06Pb-ages of ca. 1650-

1655 Ma (Table l b). The Kober ages, which are all less 
precise than the conventional upper intercept age, are 
thus on the average slightly older, but within error not 
significantly different from the upper intercept age (Table 
l b). We therefore interpret the age of 1640.5 ± 2.3 Ma as 
the crystallization age of the quartz diorite. 

Geochemistry 
Analytical methods 

Geochemical analyses were carried out by X-ray fluores
cence (XRF) at the Department of Geology, University 
of Bergen. The major and trace elements were analysed 
on glass beads and pressed powder pellets, respectively, 
according to the method of Norrish & Hutton (1969). 
International standards with the recommended values of 
Govindaraju ( 1984) were used for the calibration. 

Alteration effects and selection of elements 

The rocks of the Askvoll group have undergone am
phibolite facies, and subsequently, greenschist facies 
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metamorphism. We must therefore assess whether geo
chemistries of the igneous and volcaniclastic rocks were 
affected by the metamorphic processes. Previously, it has 
been well established that Ti, V, Zr, Y, Nb, Cr and Ni 
remain more or less unchanged in magmatic rocks during 
greenschist facies metamorphism (e.g. Cann 1970; Coish 
1977; Shervais 1982). For the amphibolite facies meta
morphism of magmatic rocks, it has been shown that the 
extent of element mobility is largely controlled by the 
availability of fluids to be flushed through the system 
(Weaver & Tamey 1981; Nicollet & Andriambololona 
1980). The work of these writers on basaltic rocks indi
cates that Ti, V, Zr, Hf, Nb, P, the middle to heavy RE 
elements, Ni, Cr, Co, Cu, Zn, Fe, Mn and Mg are not 
affected particularly. Hence we employed Nb, P, Zr, Ti, 
Y, Cr and V to assess the tectonic environment of the 
magmatic rocks, specifically using the diagrams Zr/TiOr 
Nb/Y (Winchester & Floyd 1977), V-Ti/1000 (Shervais 
1982), and Cr-Y and Ti-Zr (Pearce 1982). 

The Askvoll group 

Geochemical data from the preserved lenses of metagab
bro in the phyllonites of the Sandvika Unit are shown in 
Table 2. In Fig. 4, the major oxides and selected trace 
elements have been plotted versus MgO (Bowen dia
gram). With decreasing MgO there is a pronounced 
increase in Ti02, Y and Zr, a slight increase in Fe2031 
and P205, a decrease in Al203, CaO, Ni and Cr, whereas 
Si02 remains constant. The geochemical data of a meta
basalt dyke associated with the metagabbro fit with the 
trends defined by the metagabbros. White it remains 
controversial whether the metagabbros represent liquid 
compositions, the reasonably smooth trends for most 
elements suggest that cumulative effects hardly play a 
major role. These obtained geochemical trends are typi
cal for tholeiitic rocks. For comparison, the trends 
defined by the tholeiitic metabasalts of the Solund
Stavfjord Ophiolite Complex (Skjerlie et al. 1989) have 
been superimposed on the diagrams of Fig. 4. In Fig. 5 
the data have been plotted in various discrimination 
diagrams, where they all plot in the MORB fields. 

The re1ict protoliths in the mylonites of the Vikanes 
Unit comprise metagabbro, quartz diorite, granodiorite 
and granite. Representative analyses are shown in Table 
3. The major and selected trace elements are also plotted 
in the Bowen diagram (see Fig. 6). With decreasing MgO 
content there is an increase in Si02, Na20, Y, Zr and 
Nb, whereas Ti02, Fe203', CaO, Ni and Cr decrease. 
Al203 shows a slightly upward-convex trend, with the 
highest values at 4 to 6% MgO. Also, P205 shows 
highest values at a MgO content of around 4 to 6% 
MgO, but drops rapidly with decreasing MgO. 
The Si02, Ti02, Al203 and CaO vs. MgO diagrams show 
smooth trends, and we therefore suggest that the samples 
represent liquid compositions. The trends defined by 
these data are typically calc-alkaline, which is well 
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demonstrated by the similarly shown trends defined by 
volcanic rocks from the Sunda are (Stoltz et al. 1990). 
The are character of the metagabbro and associated 
differentiates is shown by the various trace element dia
grams of Fig. 7. Even though Sr and, in particular, Ba 

are mobile elements during metamorphic processes, it is 
nevertheless worth mentioning the high Sr and Ba con
tents of these rocks (Table 3), which average 1041 ppm 
and l l04 ppm, respectively. This is another feature typi
cal of calc-alkaline rocks (e.g. Saunders et al. 1979). A 
few metabasalt dykes occur in the Vikanes Unit, where 
they cut the metagabbro but they have concordant bor
ders with epidote-actinolite mylonite of the Vikanes 
Unit. Their geochemistry is shown in Figs. 6 and 7, and 
from these diagrams they seem not to be related to the 
metagabbros. In particular, they have a much higher 
content of Ti02, Y, Zr and Nb than the calc-alkaline 
metagabbros, and are thus more akin to alkaline basalts. 

The chemistry of the epidote-actinolite mylonites of 
the Vikanes Unit is shown in various discrimination 
diagrams (Fig. 8), and representative analyses are pre
sented in Table 4. About half of the analyses plot within 

or very close to the field defined by the Vikanes metagab
bro. The other half is characterized by higher Zr/Ti02 
ratios, Zr and Y content, and lower V and Cr content. 
These are more akin to the composition of the granodi
orites. Also, the Sr and Ba content of these mylonites is 
very high, similar to that of the plutonic rocks with 
which they are associated (Table 4). Based on these 
geochemical characteristics the epidote-actinolite my
lonites can be genetically related to the described calc
alkaline plutonic rocks and may represent their vol
caniclastic equivalents. However, regarding the mylonitic 
texture of these rocks, it cannot be excluded that they 
represent sheared metagabbros. 

Discussion 

An are model for the Askvoll group 

Each of the tectonostratigraphic units of the Askvoll 
group contains characteristic metamorphic rocks of mag
ma tie origin, and presumably supracrustal rocks. Thus 
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the uppermost Sandvika Unit carries fragments of 
tholeiitic, MORB-type metagabbro set in a matrix of 
phyllonites and quartz schists, while the Vikanes Unit 
contains calc-alkaline intrusives ranging from pre
dominant metagabbros to granites in composition, 
and epidote-actinolite mylonites and felsic schists. The 
lowermost Kumle Unit is characterised mainly by felsic 
schists. 

The calc-alkaline character of the magmatic rocks of 
the Vikanes Unit implies are magmatism at a continen
tal margin. The minor amounts of MORB-type mag
matic rocks of the Sandvika Unit could represent either 
part of an accretionary prism, into which fragments of 
oceanic crust were tectonically emplaced (cf. Karig & 
Sharmån 1975), or intrusions of tholeiitic magma within 
a back-are basin (e.g. Hawkins 1977; Saunders et al. 
1979). 

It is difficult to determine the protoliths of the my
lonitic and phyllonitic rocks and associated schists, since 
all primary texture and mineralogy have been obliter
ated. The chemistry of the mylonites of the Vikanes 

Unit indicates an origin in a tectonic setting dominated 
by arc-related magmatism, similar to the calc-alkaline 
rocks that occur as lenses in the mylonites. It is there
fore possible that the epidote-amphibole mylonites ei
ther represent sheared metagabbros, or they represent 
volcanic equivalents to these. However, either of the 
two altematives satisfies the tectonic model of the 
Askvoll group as an are type. 

Regional correlations and conclusions 
The effects of the Early- to Middle-Proterozoic subduc
tion in Scandinavia, known as the Gothian orogeny in 
southwestem Sweden and the Kongsbergian orogeny in 
southem Norway, can be traced westward to the Lauren
tian margin where similar events are grouped as the 
Labradorian orogeny (Fig. 9). The Askvoll group consti
tutes only a small portion of the westemmost WGR, and 
the adjacent heterogeneous gneisses have not yet been 
subject to systematic geochemical and petrological inves-
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Fig. 6. Bowen diagram of the plutonic rocks from the Vikanes Unit. The superimposed solid lines represent the trends defined by volcanic rocks from the Sunda are 
(data from Stolz 1990). 

tigation. Reconnaissance studies of rocks in the Olset 
area (Fig. 2B) show banded gneisses with granitic to 
dioritic composition, together with lenses of amphibo
lites, and in the southeastern parts eclogitic lenses occur. 
At the southern side of the Dalsfjord (Figs. 2A and B), 
large areas are composed of amphibolites that represent 
retrograded eclogites (Andersen et al. 1994). Within this 
area at Gjølanger (Fig. 2B), the garnet-amphibolites and 
coronites are interpreted as representing a large differen
tiated basic intrusion metamorphosed in situ to eclogite 
(Griffin & Mørk 1981). This indicates that mafic mag
matic rocks also occur elsewhere in this part of the 
Western Gneiss Region. However, these rocks have been 
subjected to eclogite facies metamorphism in the Caledo
nian orogeny. 

Age determinations that have been performed on vari
ous rocks from the Sunnfjord area and elsewhere in the 
WGR indicate a major ernst-forming period of intrusion 
(gabbro to granite), between ca. 1700 and 1500 Ma 
(Kullerud et al. 1986; Tucker et al. 1990). During the 
later Sveconorwegian orogeny there were granitic intru-

sions in the Sunnfjord area, and elsewhere in WGR there 
were also intrusions of diorites, dolerites and pegmatites 
(Kullerud et al. 1986). Regarding the Gothic orogeny, 
similar plutonic rock association, and the long periods of 
magmatism are well known from, e.g., the Andean conti
nental are (e.g. Drake et al. 1982). Thus it is possible that 
the rocks represented by the Askvoll group have been 
part of a similar continental are system. The western 
Swedish part of the Southwest Scandinavian Domain is 
characterized by early Gothian island are volcanism and 
sedimentation, soon followed by granitoid intrusions 
(Åhiill & Daly 1989) and interpreted to represent a result 
of subduction of oceanic crust at a continental margin 
(Pharaoh & Brewer 1990). The careful mapping, detailed 
geochemical study, and a radiometric dating of the het
erogeneous rocks of the Askvoll group, allow us to 
propose a similar tectonic model for these rocks. The 
study of the Askvoll group thus supports the Proterozoic 
plate tectonic model of large-scale subduction-related 
magmatism along the margins of Baltica and Laurentia 
(Fig. 9). 
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Fig. 9. Plate tectonic model for the Askvoll group, placed in a regional context. 

The regional picture is after Park et al. (1991 ), Park ( 1992) and Gower (1992). 
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