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In south-west Norway, there has for long been controversy over the presence 
of large arnounts of crystalline rocks above Cambro-Ordovician phyllites -
Are they autochthonous or allochthonous? A new whole-rock Rb-Sr isochron 
date of about 1160 million years is favourable for an allochthonous inter
pretation and extends the complex of crystalline overthrusts from central 
Norway to the south-west coast. 

K. S. Heier & I. Bryhni, Mineralogisk-Geologisk Museum, Sars gate I, 
Oslo 5, Norway. 
J. Naterstad, Institutt for geologi, Universitetet i Oslo, Blindern, Oslo 3, 
Norway. 

The islands and the mainland north and north-west of Stavanger in south
west Norway contain a succession of essentially flat-lying series of meta
morphic rocks above the Precambrian basement and Cambro-Silurian phyl
lites. The succession has been interpreted as metasomatic injection meta
morphic rocks or as crystalline rocks overthrusted above the phyllites (see 
Strand 1960 for review of older literature). Recently it was claimed by Miil
ler and co-workers (Miiller & Wurm 1969, 1970a and b, Miiller 1970a and 
b, Miiller & Schneider 1971) to represent an autochthonous series of Cam
bro-Silurian supracrustals with subordinate Caledonian granitic intrusives. 
Most of what Goldschmidt (1921) considered to be sills and injection 
gneisses is regarded by these authors to be meta-arkoses in which original 
clastic feldspar grains are, to a large extent, preserved. 

Rock units and mesoscopic structures within the succession above the 
Precambrian basement can be followed north-eastwards to Hardangervidda, 
where the rocks are believed to have been overthrusted (Fig. 1). The new 
interpretation of the Stavanger area is, therefore, a real challenge to the 
dogma of the threefold division: basement, phyllite and overthrusted crystal
line rocks in large areas of central south Norway. It is also crucial for the 
understanding of Caledonian metamorphism - did Cambro-Silurian supra
crustals really suffer metamorphism or intrusions responsible for the granulite 
facies 'Bergen Jotun Kindred' rocks which are present above the phyllites 
at Suldalshei (Sørbye 1952), Ombo (Tjølsen 1961) and Sand (Kildal 1967) 
not far from Stavanger? The above new interpretations of the geology of 
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Fig. l. The three-fold division into Precambrian basement, phyllite and upper (over
thrusted?) gneisses and other crystalline rocks in south-west Norway. 

the Stavanger area pose a number of other problems. Where, elsewhere, in 

the geosyncline can a corresponding Cambro-Silurian arkose be demon

strated? Why does the metamorphic grade increase from the chlorite to the 

kyanite wne, and why does the grade of metamorphism increase stratigra

phically upwards? These and a number of other questions remain unanswered 

in the rapidly increasing number of publications on the Stavanger area, but 

the impact of the basic tenet that there is an autochthonous Cambro-Silu

rian stratigraphic succession would - if valid - certainly be considerable to 

the interpretation and understanding of Caledonian geology in Norway. 

During a recent excursion to the Stavanger area two of the authors (J.N. 

and LB.) were impressed by the ubiquitous presence of tectonic structures 

and by quartz feldspar segregations or feldspar augen in the division of 

paragneisses which, according to Mi.iller and co-workers, are supposed to be 
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rather unaltered meta-arkoses. The published information contains excellent 
illustrations of tight folds of 'similar' type and with rather flat axial planes 
which are indicative of recumbent folding on a larger scale. In such an en
vironment lithological banding and fine lamination with almost pure quartz 
can be produced by transposition, and strongly simulate primary sedimentary 
structures. The well-illustrated, alleged clastic grains and pebbles (Mi.iller & 
Wurm 1970a, Figs. 1-4) can, in fact, also be interpreted in terms of granula
tion of an originally more coarse-grained fabric. It is not surprising then that 
bent twin lamellae, bent perthite strings, undulative extinction and evidence 
of retrogression can frequently be observed in thin sections from the area. 

One approach towards understanding of the basic problems in the Sta
vanger area would be to provide radiometric age determinations. To this 
purpose we have sampled large rock specimens from the paragneiss division 
('meta-arkose') between the basal phyllites and a higher unit of meta-basite 
in the Strand-Rennesøy area. 

Location and a mineralogical description of the six rocks may be found 
in an Appendix available from the authors. It should be noted, however, 
that the granite S 7 was collected at north-western Rennesøy, where Mi.iller 
(1970a) recorded granite sills intrusive into the supracrustals, and the gameti
ferous mica-gneiss S 9 is from a pelitic layer at Fjøløy possibly recumbently 
folded into the paragneiss division and possibly separable from it. 

The analytical techniques closely followed those described by O'Nions & 

Heier (1971). The sample preparation, including the spiking and chemical 
separation of Rb and Sr, was carried out at Mineralogisk-Geologisk Museum 
in Oslo. Isotopic analyses of Rb and Sr were carried out by the senior author 
using the facilities made available to him at the Department of Geology and 
Mineralogy, Oxford University. 

The Rb-Sr analytical data are recorded in Table 1 and plotted as Fig. 2. 
The gametiferous mica-gneiss (S 9) plots above the isochron possibly due to 
either a different initial Sr87 jSr86 and for later open-system behaviour. An 
age of 1160 ± 24 m.y. (1..87 = 1.39 X 10-Hyr-1) and a Ri = 0.7073 ± 0.008) 
is obtained when S 9 is excluded from the regression analysis. Although the 
regression line is strongly controlled by the outermost data-point S 7, even 
when this is excluded, a four-point isochron age of 1103 ± 50 m.y. is 
obtained. Moreover, the fact that S 7 (interpreted as a granitic intrusive into 

Table l. Analytical data for the Stavanger rocks. 

ppm Rb ppm Sr Rb87/Sr86 Sr87/Sr86 

s l 104 578.3 0.521 0.7162 

s 2 166 531.1 0.901 0.7250 

s 4 108 2284.0 0.136 0.7080 

s 6 175 144.7 3.50 0.7608 

s 7 209 43.2 13.% 0.9370 

s 9 160 125.9 3.68 0.7800 



380 K. S. HEIER, J. NATERSTAD & l. BRYHNI 

0.9 

.... 
<DU) 
a:> 

---.... 
r---(f) 
Cl) 

0.8 

Crystalline -rocks above 
phyllites, Stavanger area. 

57 

. 52 
51 

. 54 

590 

0 56 

Age"' 1160 ± 24 million years 
-11 -1 

( A ·1.39 x 10 yr ) 

o Not used in regression 

O. 7 ..__.....___.___.....__.____.____. _ _.____.___.__...___.___.._..___.___,__..._____.___. 

o 5 15 

Fig. 2. Isochron plot of analytic results from the Stavanger area. 

the metasediments) yields a single-rock Rb-Sr date at about 1175 m.y. CRi = 

0.707) further confirms the isochron age. 

One possible interpretation of the data is that we have recorded a prove

nance age of the basement which was denuded to produce the alleged meta

arkoses. This can probably be dismissed because of the good fit of the data 

to the regression line. Such a good fit could not have been expected if the 
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arkoses were derived from a complex source. Also, the rocks have suffered 

metamorphism, which from mineral associations and garnet compositional 

data, is estimated to have ranged from 400-450 °C and 3 kb at the margin 

of the area to 540-590 °C and more than 5 kb at the centre (Mi.iller & 
Schneider 1971). Radiogenic strontium would likely have been redistributed 

between whole-rock samples under such conditions (Lanphere et al. 1964, 

Wasserburg et al. 1964, Pidgeon 1967), i.e. we interpret the isochron as the 

age of metamorphism. The independent age of about 1175 m.y. for the 

granite S 7, which is probably intrusive into the supracrustal series, further 

confirms that the 1160 ± 24 m.y. isochron age is the age of metamorphism. 

We conclude, therefore, that the paragneiss unit, at least, represents over-· 

thrusted Precambrian rocks. There are two series or more of metamorphic 

pelitic rocks: one almost autochthonous phyllite, which is not always pre

served below the overthrusts, but which can be traced into occurrences of 

shale with Middle Cambrian fossils (Henningsmoen 1952), and another 

allochthonous Precambrian mica-gneiss and mica-schist sequence of higher 

metamorphic grade. Metamorphic basalts and tuffs (amphibolites) in central 

and eastern Boknfjorden are interlayed with the paragneiss, and should be 

related to a Precambrian event rather than with the Caledonian Lower 

Ordovician volcanism, as inferred by Mi.iller (1970b). It remains to be 

learned whether the true greenschists of western Boknfjorden belong to the 

Caledonian sequence, but Reusch (1913), however, was certainly correct 

when he linked these with the Karmøy rocks and distinguished them from 

the higher metamorphic grade supracrustals of the Stavanger area. 

The granite sills at Rennesøy are sometimes sheared, and it would be 

interesting to know whether sheared and phyllonitized granites make up the 
'paragneiss' unit to a larger extent than envisaged by Mi.iller (1970a). We 

have found garnet and primary clinopyroxene in the granite at Moldhesten, 

and perthites with fine strings of rather refringent plagioclase-component are 

present both in the granite and in the 'paragneiss'. The granite may now 
possibly sometimes occur within strongly granulitized varieties of the original 

high-facies igneous body. 
The new date from the Stavanger area is closely related to the 1150-1180 

m.y. age for the thermal maximum of the Sveconorwegian metamorphism in 

the Bamble area of south-east Norway, which was completed before 975 
m.y. ago (based on extensive K-Ar, Rb-Sr and U-Th-Pb mineral and rock 

data published by O'Nions & Baadsgaard 1971). It is slightly higher than 

basement ages recorded on Rb-Sr whole-rock and U-Th-Pb zircon evidence 

from south Norway (1000-1050 m.y. metamorphism with late-kinematic 

mangerite intrusions at 950 m.y., according to Michot & Pastells 1968), and 

on Rb-Sr whole-rock evidence for Eidsfjorden north-northeast of Stavanger 

(965 ± 30 m.y., 995 ± 100 m.y. reported by Priem 1968), but lower than a 

date reported recently for the charnockitic Precambrian of western Roga

land, not far from our area (1478 ± 78 m.y. Rb-Sr isochron, reported by 

Versteeve 1970). 
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A sample from the overthrusted succession of Hardangerjøkulen, in a 

geologic situation very much like the paragneiss unit in the Stavanger area, 

has yielded a date at 1550 ± 100 m.y. (Priem 1968). It is therefore not 

unlikely that the overthrusted paragneisses in the Stavanger area are really 

older rocks which were recycled during a Sveconorwegian event some 

1160 ± 24 m.y. ago. 
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