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The South Norway Precambrian Region is underlain by gneisses and migma
tites, gneissic and massive granites, metavolcanic rocks, quartzites and vary
ing amounts of other metasedimentary rocks, anorthosite, amphibolite, and 
mafic plutonic rocks. Rocks and minerals yield radiometric ages ranging 
from c. 1750 m.y. to c. 800 m.y. Based on analogies in terms of lithological 
variation and spatial distribution of supracrustal and infracrustal rock com
plexes, several lines of evidence indicate that the region probably constitutes 
the remnants of an andean-type continental margin and a segment of a cor
dilleran-type orogen approximately parallel to the present coastline of south 
Norway. 'The Telemarkian Orogen' is suggested as an informal term for this 
Proterozoic orogen. In terms of stratotectonic and morphotectonic evolution, 
the Telemarkian orogen shows important similarities to the Columbian Oro
gen of the Canadian Cordillera. 

T. Torske, Institutt for biologi og geologi, Universitetet i Tromsø, Box 790, 
N-9001 Tromsø, Norway. 

The South Norway Precambrian Region is bordered to the north and west 
by Cambro-Silurian rocks and overthrust masses of the Caledonian Orogen, 
by the North Sea to the south-west, the Skagerrak to the south-east, and to 
the east it is separated from the main Baltic Shield by the Upper Palaeozoic 
Oslo graben. The Region measures c. 300 km in the north-south direction 
and c. 250 km in the east-west direction. It is underlain by gneisses and 
migmatites, massive and gneissic granitoid rocks, quartzites and other meta
sedimentary lithologies, metavolcanic rocks, amphibolites and other mafic 
plutonic rocks, and anorthosite. 

Whole-rock Rb-Sr isochron ages range from 1730 + 90 m.y. (O'Nions & 
Heier 1972) to 860 + 30 m.y. (Versteeve 1975). Younger ages, down to 
about 800 m.y., obtained from radiometric mineral data have been inter
preted in terms of cooling caused by slow uplift after the latest major Pre
cambrian tectono-thermal event, the Sveconorwegian orogeny of Dalsland

ian (1200-850 m.y.)  age (Neumann 1960, Broch 1964, O'Nions et al. 1969, 

O'Nions & Baadsgaard 1971, Priem et al. 1973). All the Rb-Sr age figures 

cited in this paper are based on a 87Rb decay constant of 1.39 x lG-11/yr; 
the original figures have been recalculated where necessary. 

The recorded Precambrian whole-rock age data from the Region thus 
show a range of about 850 m.y. ,  covering the Gothian (1700 + 50-1200 + 
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50 m.y.) and Dalslandian (1200-850 m.y.) time periods of Scandinavian geol
ogists (e.g., Lundegårdh 1971), and provide evidence for both the Sveco
fennian and the Sveconorwegian tecton<;>-metamorphic events. Starmer 
(l972b) suggested that the oldest rocks in the South Norway Precambrian 
Region may date to about 2000 m.y. 

Zonation in the South Norway Precarpbrian Region -
a reinterpretation 

Based on the spatial disposition of major lithological associations, the South 

Norway Precambrian Region is here broadly divided into three large, irreg
ularly arcuate zones (Fig. 1): l )  ·the central Telemark region, underlain by 
the Telemark supracrustal suite which consists of a > 4000 m thick se
quence subdivided into three lithostratigraphic groups (Dons 1960a, 1960b); 
outside of this is 2) a belt of gneissic and massive granitoid plutonic rocks 

interspersed with subordinate areas of metasupracrustal rocks; beyond this 
again is 3) a marginal zone along the coast consisting of various, mostly 
banded gneisses and migmatites in places intruded by numerous small plu
tons of mafic rocks and more scattered plutons of granitoid rocks, and con
taining a number of areas with rocks of recognizable supracrustal origin. 
The three zones are here designated the Interior Province, the Central Belt, 
and the Marginal Zone, respectively (Fig. 1). 

Restricted areas within all three zones have yielded radiometric whole

rock and mineral dates covering more or less the whole range of Precam
brian ages obtained from the South Norway Precambrian Region (Versteeve 
1970, 1975, O'Nions & Baadsgaard 1971, Pasteels & Michot 1971, 1975, 
O'Nions & Heier 1972, Priem et al. 1973). This supports the view that all 
three zones have been subject to repeated cycles of deformation, metamor
phism, and magmatism, although in many areas the latest of these events 
appears to have completely reset the radioactive clocks. 

In the description which follows, evidence is presented to show that the 
Interior Province, the Central Belt, and the Marginal Zone may constitute 
the continental platform, volcano-plutonic are, and continental shelf envi
ronments of an andean-type plate margin. 

The zonation of the South Norway Precambrian Region appears to be 
interpretable, at least to a first approximation, in terms of a cordilleran
type orogenic model. A cordilleran-type model is therefore proposed as a 
working hypothesis for future studies, to be accepted, modified, or rejected 

as increasing amounts of relevant data become available from more detailed 
regional investigations. Four main lines of evidence are presented here to 

show the viability of the cordilleran analogy: 

The geographical distribution, petrological variation, and apparent chem
ical zonation of metavolcanic rocks. 

The distributional pattern of shallow water, epicontinental (Heckel 1972), 
near-shore to platform-type metasedimentary rocks and pericontinental 
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Fig. l. Generalized map showing major Precambrian provinces in southem Norway. 
Lettered squares A to U denote the following areas: A) SØrfjord, Hardanger, B) Skåne
vik-suldal, C) Nesflaten--Grjotdokki, D) Vrådal, E) Fyresdal, F) Nissedal, G) Kongs
berg, H) Valldal-8æsvatn, l) Trysil, J) Dalame (Sweden), K) Haugesund halvøya, L) 
Egersund area, M) Flekkefjord area, N) Byglandsfjord--Gyvatn, O) Kristiansand, P) 
Arendal, Q) Bamble, R) RiSØr, S) Kragerø, T) Kvinnherad, U) Modum. 

Meta-andesitic rocks occur in areas A to G. Supracrustal sequences in areas H, l, and 
J are correlative with those of the lnterior Province. Pelitic lithologies are prominent 
in areas K to S. Mafic plutons outside of the Marginal Zone occur in areas T and G. 
Low-pressure metamorphic mineral assemblages have been described from areas E, G, 
K, L, M, N, O, Q, R, S, and U. 

(Heckel 1972), shelf-type, pelitic, semipelitic and psammitic schists and 
banded gneisses. 

The distribution of plutonic rocks, with massive and gneissified granitoid 
plutons within the Central Belt collectively constituting a cordilleran-type 
batholith, and with migmatite areas near the coast containing numerous 

mafic plutons. 
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The occurrence of a fragmentary low pressure metamorphic belt, reach
ing its highest metamorphic grades along the coast. 

Metal provinces within the Region appear to be arranged in conformity 
with a cordilleran pattern (Torske 1976); they may therefore be integrated 
into the cordilleran model established by the geological criteria listed above. 

In principle, the interpretations and opinions presented here differ from 
those of earlier reviewers of the South Norway Precambrian Region by 
ascribing the main lithological, metamorphic, and tectonic intraregional 
differences primarily to lateral variations in a broadly synchronously devel
oped crustal segment. Earlier views explained the same differences in terms 

of vertical variations in a horizontaUy layered continental crust, developed 
sequentially and later bevelled by erosion to expose successively deeper sec
tions towards the coast (Barth & Dons 1960, Wegmann 1960, Barth & Rei
tan 1963). 

Volcanic rocks 

Volcanic rocks of varying metamorphic aspect are widely distributed and 

appear to be present in all the known areas of recognizable supracrustal 
rocks within the South Norway Precambrian Region. 

Meta-andesites (and metadacites) 
They are important and in places are predominant constituents of supra
crustal lithologies in the Central Belt, whereas such rocks have not been re

ported from the Interior Province (Kvale 1946, Mitchell 1967); the signif
icance of this regional difference is discussed later. The areas from which 
andesitic and related metavolcanic rocks of demonstrable or inferred calc
alkaline character have been described in the literature are (Figs. l and 2): 
A) Sørfjord, Hardanger (Kvale 1946); B) Skånevik-Suldal (Mortensen 1942, 
Sigmond 1975); C) Nesflaten-Grjotdokki (Sigmond 1975); D) Vrådal (Avila 
Martins 1969); E) Fyresdal (Venugopal 1970, Stout 1972; F) Nissedal (Mit
chell 1967); G) Kongsberg (C. Bugge 1917, J. A. W. Bugge 1943, O'Nions 
& Heier 1972). 

These meta-andesitic rocks are generally fine-grained, dark to light
coloured, often thinly laminated or banded schists and gneisses con.sisting 

mainly of plagioclase (oligoclase to andesine), quartz, biotite, and varying 
amounts of hornblende. They commonly have intercalated amphibolites, 
which represent original basaltic lavas, tuffs, and thin sills. In addition to 
fineness of grain and common instances of relict porphyritic textures, the 
volcanic origin of the banded gneisses and schists is revealed in places by 
the occurrence of identifiable volcanic breccias, agglomerates, and thin

bedded tuffs (Mortensen 1942, Mitchell 1967). In the Sørfjorden area (Fig. 
l A) most of the meta-andesitic rocks are proba:bly of pyroclastic origin; all 
transitions are found between thin-bedded metatuffs with preserved frag
menta! texture and more widely occurring compositionally banded horn-
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blende-biotite-quartz-plagioclase schists and gneisses. The volcanic rocks of 

this area appear to a large extent to have retained their primary chemical 
composition. A normative classification of analysed samples after the sys
tem proposed for volcanic and metavolcanic rocks by Irvine & Baragar 
(1971) shows that the intermediate and acid rocks of the meta-andesitic se
quence plot mostly as calc-alkaline andesites and dacites, respectively, while 
the various amphibolitic intercalations show both alkaline (alkali olivine 
basalt) and subalkaline (calc-alkaline and tholeiitic) affinities. 

Within some of the areas of meta-andesitic rocks, epiclastic sedimentary 

rocks either are sparse (Nesflaten-Grjotdokki, Fig. l, C, Sigmond 1975) or 
appear to be lacking altogether (Skånevik-Suldal, Fig. l, B, Mortensen 
1942, Sigmond 1975. Nissedal, Fig. l, F, Mitchell 1967), indicating a terres
trial environment of deposition of the volcanic rocks in these areas. 

The relations between the supracrustal sequence in the Central Belt and 

the orthogneisses and massive granitoid rocks surrounding them are gener
ally not clear. In the SØrfjorden area the meta-andesites, comprising the 
lowermost 1500 to 2000 m of the supracrustal sequence, rest on a sub
stratum of quartz-dioritic to granodioritic and granitic orthogneisses which 
may represent remobilized older basement andfor younger, more or less 
conformable intrusive rocks later subjected to polyphase deformation to

gether with the supracrustal rocks; the whole complex was eventually in
truded by still younger, discordant, granitoid plutonic rocks. In the Nes

flaten-Grjotdokki and Valldal-Sæsvatn (Fig. l, H) areas the supracrustal 

rocks are reported to rest unconformably on the subjacent gneiss and mig
matite complex (Sigmond 1975). The gneisses and the palaeosomes of the 
migmatites comprise dark, heterogeneous, partially banded biotite-amphi
bole gneisses and light-coloured leptites indicating the existence of even 

older supracrustal rocks, possibly also calc-alkaline metavolcanics. 
From the Kongsberg area meta�andesitic rock sequences have yielded 

who1e-rock Rb-Sr isochron ages of 1730 + 90 m.y. and 1068 + 100 m.y. 
(O'Nions & Heier 1972). Both ages were thought to represent metamorphic 

events. 
A tentative boundary drawn between the Cntral Belt, with prominent cal

calkaline meta-andesitic rocks, and the Interior Province, without such 
rocks, would in fact constitute an approximate 'Interior Andesite Line', 
analogous to the 'Quartz Diorite Line' of the North American Cordillera 

(Moore 1959). 

Volcanic rocks of the lnterior Province 

(C. Bugge 1931, Wyckoff 1933, Neumann 1944, Dons 1960a, b, Barth & 
Reitan 1963, Priem et al. 1967, 1968, 1973). The metavolcanic rocks occur
ring on the interior side of the tentative 'Andesite Line' have, in general 

terms, the following characteristics. 
The felsic Telemark volcanics are fine-grained to dense alkali-rhyolites to 

rhyodacites (Priem et al. 1967, 1968, 1973). They are frequently porphyric, 



102 T. TORSKE 

with phenocrysts of quartz and alkali feldspar in a groundmass consisting 
mainly of quartz, alkali feldspar (microcline and albite), and varying 
amounts of sericite. 

Mafic volcanic rocks in central Telemark, interbedded with the acid vol
canics of the region, are represented by greenschists and greenstones having, 

as far as can be judged from the sparse chemical data available (Hasan 
1971, Moine & Ploquin 1971), alkaline affinities with potassic (Rjukan 
Group, Dons 1960a) or sodic (Bandak Group, Dons 1960a) trends inferred 

to be of premetamorphic origin (Moine & Ploquin 1971). A continental-type 
petrology is thus indicated for the volcanic rocks of the lnterior Province. 

Radiometric age investigations during recent years have demonstrated 
that the little deformed and metamorphosed Precambrian volcanic rocks 
(sub-Jotnian) and sandstones (Jotnian) of the Trysil (Norway) and Dalarne 
(Sweden) areas (Fig. l ,  I and J) within the Baltic Shield east of the Oslo 

graben are correlative with the central Telemark supracrustals, both with 
respect to age and lithostratigraphy. The Rb-Sr whole-rock ages obtained 
for these rocks are: Telemark volcanics, c. 1660 m.y. (Priem et al. 1973); 
sub-Jotnian Trysil porphyries and granite, 1630 -+- 69 m.y. (Priem et al. 
1970); sub-Jotnian Dala porphyries, 1669 -+- 38 m.y. (Welin & Lundqvist 

1970). These rocks thus form a lithological link between the South Norway 
Precambrian Region and the Baltic Shield proper. The Trysil and Dalarne 
volcanic rocks also display 'continental' petrological characteristics based 
1970); sub-Jotnian Dala porphyries, 1669 ± 38 m.y. (Welin & Lundqvist 

1968, Priem et al. 1970, 1973); they are mostly alkali rhyolites together with 
subordinate trachytes consisting predominantly of microcline-perthite, al
bite, and quartz. These minerals also form the phenocrysts of porphyric 
varieties. Low initial 87Srf86Sr ratios for Trysil and Dala volcanics (0.7047-+-
0.0030 and 0.7042 ± 0.0062, respectively; Priem et al. 1970) indicate that 
the rhyolite magmas were not derived by anatexis of older crustal rocks. 

From the foregoing short and generalized review of the petrological and 
chemical characteristics of the main metavolcanic rocks of the Central Belt, 
the Interior Province and the Trysil-Dalarne region it may be concluded 
that the tentative 'Andesite Line', alluded to above, forms a boundary b!!
tween a peripheral zone of andesitic to dacitic calc-alkaline volcanism and 

an interior region of generally more potassic, continental-type, mildly al

kaline volcanism. 
The third type of metavolcanic assemblage, that of continent-marginal 

basalts of inferred tholeiitic affinity, occurs within the Marginal Zone. The 
supracrustal rocks of this zone have so far not proved suitable for regional 
stratigraphic analysis; in view of this these volcanics are described together 

with the associated metasedimentary rocks in the following section. 

Sedimentary rocks 

Metasedimentary rock assemblages within the South Norway Precambrian 
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Fig. 2. Outline map of the South Norway Precambrian Region showing areas with 
supracrustal sequences comprising meta-andesitic and related volcanic rocks and the 
distribution of plutons outside the composite plutonic complex of the batholithic Cen
tral Belt. Stipple ornament same as in Fig. l. 

Region seem to fall into two main categories with respect both to lithology 
and geographical distribution. 

Quartzitic sandstones, together with relatively minor amounts of con

glomerate, are the predominant sedimentary rocks underlying a large pro
portion of the Interior Province and the Trysil-Dalarne region. The sand
stones are characterized by the widespread occurrence of primary structures 

such as cross-stratification, ripple marks, mudcracks and occasional rain
drop imprints (Dons 1963a, Singh 1969), and represent mature continental 
platform-type shallow-water sediments, probably deposited in epicontinental 
(Heckel 1972) seas or in lakes. Flaser bedding, and other structures indi

cating intertidal environments, have been reported (Singh 1969). Similar 
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rocks also appear to dominate among the locally developed epiclastic sedi

mentary lithologies of the Central Belt (e.g., the Sørfjorden area). Quart
zites are widespread also in the Arendal-Bamble area of the Marginal Zone. 

The supracrustal rocks described from areas within the Marginal Zone of 
the South Norway Precambrian Region form assemblages which differ 
from those of the two inland zones in having large amounts of pelitic and 
semipelitic sedimentary lithologies. Marble is also of widespread occurrence, 
and is often found within gneiss sequences not otherwise readily recogniz
able as metasupracrustal rocks (Barth & Reitan 1963); it may form an im
portant regional marker bed (Falkum 1972). 

Metasupracrustal sequences have been described from the following areas 
within the Marginal Zone. 

In Haugesunds halvøya (Fig. l, K) the prominent metasupracrustal rocks 
are pelitic mica schists, calcareous schists, and sillimanite and anthophyl
lite-cordierite gneisses representing both sedimentary and volcanic rocks 

(Sørbye 1964). 
ln the south Rogaland area (Fig. l, L) a complex of anorthosite and re

lated plutonic rocks of igneous appearance is surrounded by an envelope 

comprising charnockitic gneisses and garnet-, cordierite- and sillimanite
bearing migmatitic gneisses with basic intercalations. These gneissic rocks 

have been inferred to represent psammitic and pelitic metasediments, ba
saltic metavolcanics, and calcareous metasediments including marbles (Gjes
ta! series, Michot 1960, Pasteels & Michot 1975; Gyadal garnetiferous mig
matite, Tobi 1965, Versteeve 1970; Hunnedal garnetiferous migmatite, 
Faurefjell metasediments, Hermans et al. 1975). Michot (1969) concluded 
that the metasedimentary and metavolcanic rocks of the area represent a 
eugeosynclinal pile originally deposited on oceanic crust. 

In the Flekkefjord area (Fig. l, M) banded gneisses characterized by the 
occurrence of sillimanite, cordierite, and garnet together with intercalated 
pyribolites and marble have been inferred to represent sedimentary and vol
canic rocks of a eugeosynclinal supracrustal pile (Falkum 1966a). Hermans 
et al. (1975) correlate the Gjesta! series of Michot (1960) with their Faure
fjell metasediments and Gyadal garnetiferous migmatite; and the latter also, 
tentatively, with Falkum's (1966a) sillimanite-aordierite-gamet gneiss. 

In the Byglandsfjord-Gyvatn area (Fig. l, N) the banded gneisses and 
metasediments probably deriving from graywaokes and arkoses, are associ

ated with metamorphic basic to ultrabasic rocks of assumed extrusive and 
intrusive origin (Teisseyre 1970). 

At Tveit and Kinn, near Kristiansand (Fig. l, O; Falkum 1966b, 1969a) 
the 'Pelitic Banded Gneiss' comprises quartzites and sillimanite-gamet-mica 

gneisses interbedded on a scale of the order of centimetres, and was infer
red to represent arenaceous and argillaceous sediments. Units of 'Banded 

Gneiss' contain layers, usually 2-10 cm thick, of amphibolite, biotite-hom
blende gneiss and light quartz-dioritic gneiss; this was interpreted as a meta
volcanic succession. Chemical analyses of amphibolites show tholeiitic af-
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finities for the metavolcanic rocks (Falkum 1969a). A supracrustal origin 

for the basic rocks was ascertained by the occurrence of agglomerate struc
tures (Falkum 1969b). The metasedimentary and metavolcanic lithologies 
were interpreted in terms of eugeosynclinal deposition. 

The Kristiansand-Arendal (Fig. l, P) district (Barth 1960, Dietrich 1960, 
Elders 1960, Barth & Reitan 1963). Along this part of the Marginal Zone 
more or less migmatized metasupracrustal rocks comprising quartzites, 
meta-arkoses, metagraywackes, recrystallized limestones, biotite and amphib
ole gneisses, and amphibolites form the ubiquitous framework lithologies for 

syn-, late-, and post-kinematic granitoid intrusions and granitization pro
cesses. 

The Arendal-Bamble (Fig. l, Q) district forms the northeastward contin
uation of the Kristiansand-Arendal district along the general strike direc
tion and is similar to the latter with respect to the types and amounts of 
metasupracrustal Iithologies (J. A. W. Bugge 1960). There are quartzites, 
mica schists, mica gneisses often characterized by garnet, cordierite and sil
limanite, and amphibolites representing thick piles of interbedded sedimen
tary and volcanic rocks. Regional metamorphism in this district reached 
granulite facies conditions within a restricted area along the coast resulting 
in the formation of charnockitic gneisses (J. A. W. Bugge 1940, 1943, 1960). 

From the Risør area (Fig. l, R) Starmer (1969a) reported bands and lenses 
of amphibolite, biotite-rich meta-argillitic schists and gneisses, and quart
zite. 

From islands north-east of Kragerø (Fig. l, S) Morton (1971) described 
well-preserved primary structures in metasupracrustal rocks of upper am

phibolite facies metamorphism. The rocks comprise volcanic breccias of 
trondhjemitic affinities (?quartz keratophyre), cross-stratified sillimanite 

quartzites, quartz pebble ortho- and para-conglomerates, and meta-argillitic 
sillimanite-biotite schists. From structural analysis involving the unrolling 
of local fold structures, Morton (1971) obtained palaeocurrent directions 

for the cross-stratified units, demonstrating that the local Bamble metasedi
ments have been deposited by southeast-flowing currents; i.e., they were 
derived from interior continental source areas within the South Norway 
Precambrian Region. 

De la Roche et al. (1971) showed that the acid, intermediate and basic 
Arendal charnockitic gneisses and other metamorphic lithologies of the 
Arendal area have chemical compositions similar to those of the spilite

keratophyre volcanic association and to sodic graywackes and similar sedi

mentary rocks. They presented evidence to show that these chemical char
acteristics are of pre-metamorphic origin and concluded that the rocks in 
question represent metamorphosed spilites and keratophyres, graywackes, 
and other eugeosynclinal-type supracrustal rocks. Starmer (1972a) also 

pointed out that the Arendal charnockites have lower K20jNa20 ratios than 

most other charnockitic rock suites. 
In the cited descriptions of metasupracrustal lithologies from the Mar-
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ginal Zone, terms such as 'pelite', 'argillite', 'graywacke', 'tholeiite', 'spilite
keratophyre', 'eugeosynclinal deposits', and 'orogenic segments' have been 

extensively and independently used by many different authors. This is note
worthy, especially when one recalls the fact that these terms have only very 
seldom been applied in the descriptions and interpretations of the supra
crustal rocks of either the Central Belt or the Interior Province. The supra

crustal assemblages within the different areas of the Marginal Zone appear 
to be essentially similar, and no compelling evidence of significant vari
ations in facies among sedimentary and volcanic sequences has been re
ported. 

Falkum (1972) demonstrated that the regional strike directions within the 
southernmost part of the present Marginal Zone, fanning out northwards in 

a divergent north-easterly to north-northwesterly pattem (Fig. 3), are co
incident with the axial planes of tight to isoclinal major folds, and that the 
regional trend of the gneisses and metasupracrustal rocks of the area is in 
fact parallel to the coast but has been obscured by these superimposed, 
younger fold systems. He concluded (Falkum 1972): 'Both structural and 

lithological observations can therefore be used in order to tie up the dif
ferent formations of the Agder-Rogaland region around the southemmost 
coastline. . . A possible consequence of the proposed megastructure is that 
the Precambrian orogenic belt might have been running east-west with a 
core of granulite facies rocks.' This is in complete accordance with the 
model proposed here for the South Norway Precambrian Region and indeed 
forms an important conceptual element in the present synthesis. 

Conclusion 
From the descriptions reviewed briefly above it is seen that the proposed 
partitioning of the South Norway Precambrian Region into three major 
lithological domains gives the following generalized picture of the regional 
distribution of supracrustal rocks. 

The Interior Province is characterized by intracontinental volcanic rocks 
and epicontinental shallow-water sedimentary rocks. 

The supracrustal rocks of the Central Belt are predominantly calc-alka

line andesitic to dacitic volcanics with varying but mostly subordinate 
amounts of epicontinental-type sedimentary rocks. 

The supracrustal rocks of the Marginal Zone are characterized by pelitic 
sedimentary and tholeiitic volcanic lithologies which may be interpreted in 
terms of continental shelf deposition. 

Plutonic igneous rocks 

The amounts and types of plutonic igneous rocks are, broadly speaking, dif
ferent in the three domains of the South Norway Precambrian Region. 

Within the Interior Province, the continuous supracrustal rock cover is 
pierced by scattered, small granite plutons. Most of these have sharp bound-
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Fig. 3. Outline map of the Marginal Zone of the South Norway Precambrian Region 
showing regional strike directions (redrawn from Holte<lahl & Dons 1960). 

aries against the surrounding rocks and are clearly intrusive or diapiric 
(Sylvester 1964), but some have been interpreted as replacement bodies 
(Barth & Reitan 1963). Basic intrusive rocks in the Interior Province are 
thin, more or less concordant diabase sheets in the supracrustal rock se
quence. They are particularly conspicuous in the Seljord Group quartzites 
(Dons 1960a, b). On the other hand, basic igneous rocks do not occur as 

plutonic masses within this region. 
One of the larger plutons within the Interior Province (Fig. 2), a NNW

SSE trending elongate complex some 70 km long and l O to 20 km broad 
consisting of granite, granitic gneiss and augen gneiss, has yielded a Rb--Sr 

isochron age of 1409 + 40 m.y. for its southern, massive part (Priem et al. 
1972). This was considered to represent the intrusion age for the granite. 
The initial 87Srf�Sr ratio of 0.7052 + 0.0031 may point to a mantle deriva
tion for this pluton. Many of the other, smaller, granitic plutons are late
to post-kinematic with respect to the Sveconorwegian orogeny, and give 
ages mainly in the 960 to 900 m.y. interval (Priem et al. 1973). 

Within the Central Belt granitoid gneissic and massive rocks predominate. 

Whereas in the Interior Province the granitic plutons form scattered and 

isolated bodies in the supracrustal rocks, in the Central Belt the rather 
monotonous gneissic and massive granitoid rocks form the bulk of the bed

rock, enclosing scattered, restricted areas of supracrustal rocks (Fig. 2). 
Referring to what is here designated 'the Central Belt', Barth & Reitan 

(1963) stated: 'The Telemark supracrustals swim in a vast sea of granites 
and granitic gneisses'. It has been suggested that these granitoid rocks were 
formed by more or less in situ granitization of older supracrustal rocks 
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(Barth & Reitan 1963) and that the scattered metasupracrustal rocks occur
ring among the granitic gneisses are only undigested remnants of central 
Telemark-type supracrustals. Alternatively, the plutonic rocks of the Cen
tral Belt have been assumed to represent the older basement to the lnterior 
Province and Central Belt supracrustal rocks, and to have been partially 
mobilized during periods of deformation and metamorphism, thereby being 
conducive to restricted granitization of the adjacent supracrustal rocks 
(Dons 1972). 

The plutonic rocks of the Central Belt are here interpreted as syn-, late-, 
and post-kinematic granitoid plutons emplaced during protracted periods of 
magmatism in both Gothian and Dalslandian times. Collectively the plutons 
formed within this zone during separate periods constitute a batholithic plu
tonic complex, consisting of more or less coalesced bodies of granitoid 

rocks; and with isolated supracrustal roof pendants and septa on top of and 
within the batholith, respectively, in places probably accompanied by small 
remnants of an older, gneissic basement. Dioritic rocks also occur among 

the plutonics of this belt (e.g., Sigmond 1975) but, to the author's knowl
edge, have not been reported from the Interior Province. In the eastern 
(Kongsberg; Fig. l, G) and western (Kvinnherad; Fig. l, T) areas of the 
Central Belt, gabbroid plutons occur (Fig. 2); in this respect these parts of 

the Belt resemble the Marginal Zone. 
In the Marginal Zone a few roughly circular plutons of mostly monzo

granitic composition form post-kinematic, sharply delimited bodies, intro
sive into the migmatites (Barth 1960a, Barth & Dons 1960, Barth & Reitan 

1963, Elders 1963, Christie et al. 1965, 1970). A Rb-Sr isochron age of 
961 ± 60 m.y. has been reported from the Herefoss and Grimstad granite 
plutons (Brueckner 1972). The low initial 87Srj8fJSr ratio (0.7056 -+- 0.0035) 
indicates that these granites were not formed by anatexis of older crustal 
rocks. 

Other, more or less concordant synkinematic granitic bodies and peg
matite pods with gradational to sharp borders against the enclosing mig
matitic gneisses in the Marginal Zone have been ascribed to magmatic dif
ferentiation, anatexis, and in situ granitization of diverse types of gneiss 

(Barth & Reitan 1963, Middlemost 1963, Neumann 1972), by meta
somatic alteration of non-granitic rocks or by isochemical recrystallization 

of rocks of granitic composition, producing 'metamorphic granites' (Smith
son & Barth 1967). In the Bamble area the granitoid rocks of the Marginal 
Zone are characterized chemically, relative to those of the neighbouring 
districts of the Central Belt and the Interior Province, by having distinc

tively lower contents of potassium (Touret 1968). 
The plutonic association of the Marginal Zone is distinguished from those 

of the two other zones, with the exceptions noted above for the Kongsberg 
and Kvinnherad areas of the Central Belt, by the widespread occurrence 
among its rocks of small mafic plutons of varying aspect - hyperites, gab
bros, norites, and amphibolites (Fig. 2). Hyperite (Tornebohm 1877) em-
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braces gabbro, hypersthene gabbro transitional into norite, and amphibolite 

derived from these rocks (Barth & Reitan 1963). Many have coronite cores 

and amphibolitic margins. They are semi-discordant (Starmer 1972b) and 

appear to have been intruded at about 1200 m.y. ago, during an interval 

between two major periods of granitic activity and regional metamorphism 

(Starmer 1969a). A number of younger, late-kinematic gabbro bodies have 

also been reported from the Marginal Zone (Morton et al. 1970, Starmer 

1972b). Starmer (1972b) considered the intrusion of semi-discordant hy

perite about 1200 m.y. ago to be the initiating event of the Sveconorwegian 

regeneration. 

The marginal disposition of mafic plutonic rocks in the South Norway 

Precambrian Region (Fig. 2) is similar to that of gabbroic plutons among 

the Cretaceous batholithic rocks of southern California; there, batholithic 

rocks form 'a crudely arcuate pattern parallel to the coastline' (Baird et al. 

1974), with the mafic plutons largely confined to a belt within about 60 km 

from the coast, while the belt of granitoid batholithic rocks extends inland 

to about 180 km from the coastline. 

In addition to the plutonic rocks mentioned above, the South Norway 

Precambrian Region also includes the Egersund anorthosite complex, which 

is distal to the southwestern part of the Marginal Zone and has tectonic 

contacts with it. While recognizing the importance of this and similar com

plexes elsewhere for the general understanding of Precambrian geology, its 

genetic and geotectonic relationships are considered to be outside the scope 

of the present paper since it apparently has no parallel in the actualistic 

cordilleran prototypes; it cannot be readily integrated into the present first 

approximation to a cordilleran model. 

Regional metamorphism 

No comprehensive regional studies of metamorphic facies variations have 

so far been undertaken for the South Norway Precambrian Region. Areal 

descriptions show, however, that the grade of regional metamorphism in

creases radially outward from the central Telemark region, within the In

terior Province, from grades corresponding to greenschist facies conditions, 

through lower and upper amphibolite facies and to granulite facies meta

morphism in two coastal areas in the Marginal Zone; viz., the area between 

Risør and Arendal on the Skagerak coast (J. A. W. Bugge 1940, 1943) and 

the Egersund area on the southwestern coast, including the Egersund 

anorthosite complex (Michot 1960, 1969). 

The widespread occurrence of minerals indicative of low-pressure amphi

bolite facies conditions: sillimanite, cordierite, and anthophyllite, in areas 

near the coast shows that the regional metamorphic zonation is that of a 

low-pressure metamorphic belt (Zwart et al. 1967, Miyashiro 1972). The 

areas from which these metamorphic minerals have been reported in the 

literature are essentially the following: Haugesundshalvøya (Fig. l, K; 
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Sørbye 1964), the Egersund area (Fig. l, L; Michot 1960, Tobi 1965, Her

mans et al. 1975), Flekkefjord (Fig. l, M; Falkum 1966a), Tveit (Fig. l, O; 

Falkum 1966b), the Byglandsfjord--Gyvatn area (Fig. l, N; Teisseyre 1970), 

Fyresdal (Fig. l, E; Venugopal 1970, Stout 1972), Risør (Fig. l, R; J. A. W. 

Bugge 1940, 1943, Starmer 1972a), Kragerø (Fig. l, S; Morton et al. 1970, 

Morton 1971), Ødegården, Bamble (Fig. l, Q; Morton 1960), Kongsberg 

(Fig. l, G; C. Bugge 1917, J. A. W. Bugge 1943, O'Nions & Heier 1972), 

and Snarum, Modum (Fig. l, U; A. Bugge 1936, Jøsang 1966). 

The intermediate to high pressure indicator mineral kyanite (Miyashiro 

1973) is conspicuously absent from the mineral assemblages of regional 

metamorphism in the South Norway Precambrian Region. 

The climax of regional metamorphism appears to have occurred between 

c. 1200 and 1100 m.y. ago (O'Nions et al. 1969, Michot & Pasteels 1969, 

O'Nions & Baadsgaard 1971, Starmer 1972a, Priem et al. 1973, Hermans et 

al. 1975, Versteeve 1975). Later, retrogressive metamorphism took place 

locally. Within the Trysil and Dalarne areas (Fig. l, I and J) the alteration 

of the supracrustal rocks is so slight that they may be regarded as largely 

non-metamorphosed rocks (Dons 1960c). 

The regional metamorphism within the South Norway Precambrian Re

gion is similar to that of the Chilean Eastern Series belt of intermediate to 

low-pressure metamorphism in the pre-Mesozoic cordilleran crystalline base

ment (Aguirre et al. 1972). 

Discussion 

The basis for the importance attached to the occurrence and disposition of 
calc-alkaline meta-andesite and related rocks in the South Norway Pre

cambrian Region is their fundamental role in plate tectonic theory, which 

has provided actualistic models for orogenic beits. 
Significant amounts of calc-alkaline andesitic rocks are restricted to oro

genic beits and provide evidence for volcanic activity in island are and 
active continental margin settings (Dewey & Horsfield 1970, Dickinson 

1970, Miyashiro 1972). Geotectonic settings such as these mark convergent, 

destructive plate margins, where the contiguous oceanic lithosphere plate 

is subducted into the mantle along Benioff zones. 

The volcanic products erupted on the overriding plate margin generally 

have the following characteristics. Near the margin is a more or less well

defined volcanic front (Sugimura 1960), behind which different volcanic 

rocks generally occur in a certain lateral sequence: next to the front the 

volcanism is frequently characterized by tholeiitic basalts; on the continent 

side of these, calc-alkaline volcanics predominate, primarily andesite and 

dacite but also rhyolite. These rocks typically have higher contents of al

kalis for a given silica percentage than have the tholeiitic rocks. Alkali, in 

particular potassium, increases more or less regularly with distance from the 

volcanic front. The volcanic rocks of orogenic beits thus show a more or 
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less pronounced petrological and chemical zonation, or asymmetry, normal 

to the trend of the overriding plate edge, whether this be an oceanic island 

are or a continental margin. Within the marginal volcanic beits a corre

sponding vertical change is frequently found, with tholeiites near the base 

of the volcanic sequence, calc-alkaline rocks higher up, and eventually more 

alkaline (shoohonitic) volcanics in the uppermoot parts (Mitchell & Reading 

1971). 

The recognition of the hornblende-biotite-quartz-plagioclase schists and 

banded gneisses of the Central Belt as meta-andesites and metadacites is 

therefore of prime importance for the plate tectonic model and cordilleran 

analogy applied here to the South Norway Precambrian Region. In addi

tion to the calc-alkaline affinities indicated by their present chemical and 

mineralogical compositions these rocks also have a purely lithological prop

erty indicating a calc-alkaline magmatic lineage; namely, the presence of 

relatively large amounts of intermediate and acid differentiates. This is 

found only in the calc-alkaline volcanic series; the alkaline rocks differen

tiate towards trachyte and phonolite, while the tholeiitic series yields only 

relatively subordinate amounts of intermediate and acid differentiates. 

The widespread occurrence of calc-alkaline meta-andesites and related 

volcanic rocks thus suggests that a lithospheric plate margin overriding an 

adjoining plate along a convergent plate juncture was an active element in 

the stratotectonic development of the South Norway Precambrian Region. 

The apparent chemical and petrological zonation of the volcanic rocks and 

the regional distribution of intercalated metasedimentary lithologies show 

that this plate juncture was situated somewhere to the seaward side of and 

parallel to the present southern coast of Norway. 

A significant structural feature of the Precambrian regions in south and 

southeast Norway and southwestern Sweden, where similarities to the Amer
ican cordilleras have been pointed out by Hjelmqvist (1973), is that the 
regional tectonic fabric of the coastal zones trends largely parallel to the 

'Fennoscandian Border Zone' of Hogbom (1913). By analogy with the 

North American Cordillera this indicates independently that any continen

tal margin involved in the development of these tectonic provinces was it

self paralbl to this border zone (Douglas & Price 1972). The lithological and 
other characteristics which have been outlined above furnish the important 

additional inference that such a continental margin may have been closely 

coincident with the Fennoscandian Border Zone. 

The cordilleran type of orogenic belt is one among several recognized on 

the basis of actualistic plate tectonic models (Dewey & Horsfield 1970). It is 

distinguished from other types by being developed on an overriding litho

sphere plate edge where subduction of an oceanic plate into the mantle has 

occurred beneath a contiguous continental margin. This type of geotectonic 

setting is called an andean-type continental margin. 

The formation of mountain beits along convergent plate junctures with 

subduction of oceanic lithosphere is thought to be essentially the effect of 
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thermal processes resulting from ascending heat fluxes conveyed and ac

companied by large-scale mantle-<lerived magmatism (Dewey & Bird 1970, 

Miyashiro 1972). Contrasting with this, the formation of collision-type 

mountain belts is viewed as predominantly a result of mechanical processes 

(Dewey & Bird 1970). The preponderant thermal influence in cordilleran

type orogenic systems is reflected by the frequent prevalence within them of 

beits of medium- and low-pressure metamorphism resulting from steep geo

thermal gradients in the crust (Zwart 1967, 1969, Oxburgh & Turcotte 1971, 

Miyashiro 1972), while beits of oceanic lithosphere and continental rise de
posits are affected by high-pressurejlow-temperature blueschist metamor

phism. 

Present-day cordilleran-type orogenic systems are, however, considerably 

more complex than the orogenic model which can be deduced from such 

conceptually simple, idealized representations of andean-type subduction 

zones and continental margins (Cobbing & Pitcher 1972a, Wheeler et al. 

1972, Gansser 1973, Rutland 1973). In view of the fragmentary nature of 

the available evidence it seems prudent, therefore, to pursue the present 

re-interpretation of the South Norway Precambrian Region within the re

straints of a general comparison with essential and diagnostic cordilleran

type features, rather than to embark upon a precarious and highly specula

tive direct application of the tenets of plate tectonic theory to an ancient 

orogenic system whose development could conceivably have been signifi

cantly affected by the imperfectly known boundary conditions of earlier 

stages of crustal evolution. 

The restricted areal extent of the South Norway Precambrian Region 

precludes a detailed comparison between the fragmentary Precambrian cor
dilleran system proposed here and the Cordilleras of the Americas, some 

seventeen thousand kilometres long. To overcome this apparant incompati

bility the following tentative formulation of the essential characteristics of 
a cordilleran orogenic system is set forth as an ad hoc conceptual framework 

for the comparison attempted here. This formulation is based on a selection 
of pertinent criteria discussed in a number of recent publications (King 

1959, 1969, Hamilton 1969, Mitchell & Reading 1969, Dewey & Horsfield 

1970, Moores 1970, Dickinson 1971, James 1971, Cobbing & Pitcher 1972a, 

1972b, Rutland 1973, Spencer 1974). 

A cordilleran system is a broad, complex, orogenic belt formed along an 

active continental margin. Subduction of adjoining oceanic lithosphere 

beneath the continental margin seems to have been a prominent factor in 

the development of the system. Typical cordilleran systems do not appear 

to have been subjected to large-scale continental collision. Magmatic petro

chemical zonation, with an increase in total alkali and potassium contents 

from the continental margins towards the continental interior, is reflected 

in the distribution of volcanic and plutonic rocks of tholeiitic, calc-alkaline, 

and alkaline petrological affinities. Calc-alkaline, mainly andesitic, volcan

ism produces volcanic belts on a basement of continental crust. Large vol-
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urnes of granitoid plutonic rocks, ranging from diorite to granite, form 

batholiths parallel to the continental margin. They intrude to shallow cru

stal levels within or near the andesitic volcanic beits. The batholiths are 

composite plutons consisting of many smaller bodies, successively emplaced 

during protracted periods of time; typically of the order of 100 million 

years. The batholiths have roof pendants and interior septa comprising 

older supracrustal rocks, typically calc-alkaline volcanics. The batholiths 

and the spatially associated calc-alkaline volcanic rocks constitute charac

teristic volcano-plutonic belts parallel to the continental margin. The rocks 

on the oceanward side of the volcano-plutonic belt may originally have 

formed on or within earlier continental or oceanic crust; the rocks on the 

continent side of the volcano-plutonic belt have typically been formed on or 

within continental crust, although periods of tensional tectonism may pro

duce depositional basins floored by oceanic-type crust also on the proximal 

side of the volcano-plutonic belt. Cordilleran systems characteristically have 

a long and complex deformational history, with a number of major oro

genic phases more or less separated in time, and affect supracrustal rocks 

of widely different ages. The stratotectonic and morphotectonic processes 

may involve large areas of the adjoining continental platform, far beyond the 

marginal geosynclinal beits. 

The South Norway Precambrian Region may represent a segment of a 

cordilleran-type orogen because it consists of rock complexes of Gothian 

(c. 1750--1200 m.y.) to Dalslandian (1200--850 m.y.) age whose lithological 

variation and spatial distribution reflect continental platform, epicontinen

tal, and pericontinental environments of deposition and orthotectonic (Rut

land 1973) to cratonic andean-type environments of recurrent igneous ac

tivity and tectonism. 

Ophiolite sequences have not been reported from the South Norway Pre

cambrian Region; there is thus no geological evidence for the presence of 
oceanic crustal fragments within its accessible portions. This indicates 
(Dewey & Horsfield 1970) that lateral continental accretion did not occur 
during the evolution, in Gothian and Dalslandian time, of the presently ex

posed cordilleran segment in the South Norway Precambrian Region, and 
that the g�osynclines were ensialic, with the possible exception of parts of 

the Egersund area, as postulated by Michot (1969). 

The presence of volcanic rocks in all identified supracrustal sequences 

indicates that the volcanic front (Sugimura 1960) was situated beyond the 

present coastline and that, accordingly, the 225 + 50 km wide, non-volcanic, 

are-trench gap of actualistic andean-type examples (Dickinson 1971) is not 

represented on land in the South Norway Precambrian Region. This would 

agree with the absence of high-pressure metamorphism, which in the ideal

ized plate tectonic cordilleran model is diagnostic of a narrow belt com

prising trench-fill deposits situated on the distal side of the are-trench gap. 

A striking feature of the cordilleran model deduced for the South Norway 

Precambrian Region is its apparent simplicity as compared with its apparent 
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longevity; the various stratotectonic and morphotectonic categories: sedi

mentation, volcanism, plutonism, metamorphism and tectonism evolving 

over a time span of more than 850 m.y. , perhaps as much as 1200 m.y. , all 

appear to be referable to a single cordilleran-type orogenic belt constructed 

along a largely stationary andean-type continental margin, divisible into a 

Marginal Zone with continental shelf (and continental rise?) type sedimen

tation, and overriding plate-edge type igneous activity and high-temperaturef 

low-pressure regional metamorphism; a Central Belt with an andean vo1-

cano-plutonic belt-type continental environment; and an Interior Province 

with continental-type sedimentation and volcanism. This simplicity may be 

more apparent than real, and is probably in part a combined effect of scar

city of available data and absence of detaired intraregional chronostrati

graphic correlations in the present synthesis. 

Intermittent orogenic and igneous activity over similarly long time spans 

as that deduced for the South Norway Precambrian Region have also been 

reported from the North American Cordillera (Manger et al. 1972, Wheeler 

et al. 1972) and many other mobile beits (Sutton 1965, Ghose et al. 1973, 
Stump 1973). The time involved is therefore not, in itself, a valid argument 

against the present application of a unifying, generalized geotectonic model 

to the South Norway Precambrian Region. 

The South Norway Precambrian orogen shows important similarities to 

the Columbiim Orogen of the Canadian Cordillera. This orogen comprises 

the Omineca and Rocky Mountain tectonic belts (Manger et al. 1972). In 

these beits the Proterozoic Pureen (1400-900 m.y. old) and Windermere 

(800-600 m.y. old) supracrustal sequences, consisting of argillite, siltstone, 

sandstones, limestone, rare basalts and gabbroic dykes and sills, and fo1-

lowed by Lower Palaeozoic shales, carbonate rocks and basic volcanics rep
resent continental shelf, slope and rise deposits accumulated on a Precam

brian continental basement consisting of rocks older than c. 1600 m.y. 
These belts were situated along the continental margin in the Canadian 

sector of the North American Cordilleras for more than 1200 million years, 

from about 1600 m. y. ago to the Devonian-Carboniferous boundary some 

350 m.y. ago, when the belts of the distal Pacific Orogen became accreted 

onto the continental margin from the west (Wheeler et al. 1972). 

The Pureen supracrustals were deformed and metamorphosed during the 

Precambrian Kootenay orogeny and the time-correlative Rachlan orogeny. 

Volcanic arcs formed along the Omineca Belt in Carboniferous and Per

mian times, and Upper Triassic and Jurassic basaltic andesites, basalts, and 

acid volcanics with abundant pyroclastics form very thick and extensive as

semblages in the western parts of the Omineca Belt and the contiguous belts 

of the Pacific Orogen. High-grade regional metamorphism in Triassic and 

Jurassic times resulted in the formation of kyanite, sillimanite, and locally 

developed andalusite-cordierite assemblages in the Omineca Belt, whereas 

only low-grade metamorphism is widespread in the Rocky Mountain Belt 

(Monger & Hutchison 1970). Intrusion of granitoid rocks took place in 
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Triassic to Cainozoic times, mostly during the Cretaceous. In the Columbian 

Orogen the Rocky Mountain Belt forms the foreland thrust and fold belt, 

the eastern part of the Omineca Belt forms the core zone, and the western 

part of the Omineca Belt forms part of the hinterland. 

The stratotectonic and morphotectonic evolution of the Columbian dro

gen thus covers a time range of more than 1300 million years. This com

pares closely with a possible time range between ?2000 m.y. and c. 850 m.y. 

ago for the evolution of the South Norway Precambrian cordilleran orogen. 

Since the Sveconorwegian orogeny and regeneration is defined in terms 

of tectonism, metamorphism, and plutonism in Dalslandian time, 1200-850 

m.y. ago, only the latter part of the evolution of the South Norway Pre

cambrian orogenic belt can be assigned to the Sveconorwegian events. It is 

. therefore considered appropriate to introduce a term comprising the com

bined stratotectonic and morphotectonic elements of the South Norway 

Precambrian Region. 'The Telemarkian Orogen' is proposed as an informal 

term since all the major elements of the cordilleran orogen described here 

are represented within the confines of Telemark fylke: from the Kragerø

Bamble segment of the Marginal Zone to the Fyresdal-Nissedal-Norsjø 

areas of the Central Belt and the Interior Province, which for the most part 

is in central Telemark. Oftedahl (1974) proposed 'Telemarkian orogeny' as 

an alternative term to the commonly used 'Sveconorwegian orogeny'. The 

Telemarkian Orogen as proposed here consists of rocks of ?Svecofenno

karelian, Gothian, and Dalslandian ages affected by ?Svecofennian, Gothian, 

and Sveconorwegian orogenic deformation and metamorphic events. 
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