
The geology of Jæren and adjacent districts. A 
contribution to the Caledonian nappe tectonics of 
Rogaland, southwest Norway 

TOR BIRKELAND 

Birkeland, T.: The geology of Jæren and adjacent districts. A contribution to the Caledonian nappe 
tectonics of Rogaland, southwest Norway. Norsk Geologisk Tidsskrift, Vol. 61, pp. 213--235, Oslo 1981. 
ISSN 0029-196X. 

Recent field investigations have made it clear that a Caledonian nappe system, consisting of four 
tectonostratigraphic units, covers wide expanses of central Rogaland. The three Iowest units of the 
system are, in ascending order: The Lower Nappe Sheet, the Boknfjorden Nappe Complex, and the 
Jæren Nappe Complex. All three nappe sheets have probably their root area in the Precambrian 

basement off the west coast of Norway. The uppermost part of the allochthon, the Karmsund Nappe, 
consists mainly of low-grade greenschist facies metabasites of supposed Early Ordovician age. 
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Previous investigations 
The present publication is the outcome of field 
work that, with longer and shorter intervals, has 
been done since 1 946. The summary.account of 
the geology of the Precambrian substratum is 
mainly based on the author's own investigations. 
At the same time, however, attention is called to 
the many years' extensive and thorough studies 
conducted by P. Michot within this part of the 
basement and in the adjoining Egersun<l-Sogndal 
district (Michot 1 957, 1 960a, 1 960b, 1 969). Other 
contributo1" are J. Michot, P. Pasteels, and A. J. 
Versteeve (Michot & Michot 1 969, Michot & 
Pasteels 1968, 1969, Pastee1s & Michot 1975, 
Versteeve 1975). 

Observations of the rocks of the so-called 
'Phyllite Formation' from the surroundings of 
Stavanger were published by Reusch in 1890. 
Bjørlykke (1 908) gives a brief account of the 
bedrock geology of the Jæren district, as it was 
understood up to that year. Although referring 
the metamorphites (paragneisses, amphibolites, 
etc.) to the Precambrian basement, he paralleled 
the granitic rocks of the region with analogous 
rocks occurring above the Phyllite Formation 
(which he considered as Cambro-Ordovician) in 
the high mountain districts farther to the north
east. 

Goldschmidt (1921)  interpreted the gneisses 
and feldspathic schists occurring to the west and 
southwest of Stavanger as Cambro-Ordovician 
injection and imbibition rocks. Goldschmidt's 

hypothesis has recently been dealt with in a 
series of papers (Kalsbeek 1 964, Muller & Wurm 
1 969, 1 970a, 1 970b, Muller 1970a, 1 970b, Muller 
& Schneider 1 971, Wurm 1 973, 1 979). 

Kalsbeek asserts that the feldspar-bearing 
rocks of the Stavanger peninsula did not origin
ale through a metasomatism of phyllites, but that 
they were probably deri ved from sand y shales or 
graywackelike sediments. 

Muller et al. support Kalsbeek's view, and 
further claim that the phyllites and associated 
gneisses and schists form part of an autochtho
nous sequence of Cambro-Silurian supracrustals 
with subordinate Caledonian granitic intrusives. 

In a recent paper, however, Wurm (1979) 
admits the presence of thrust Precambrian rock 
masses above the (Cambro-Silurian) phyllites. 

Naterstad et al. (1973) state that the Caledo
nian nappe system of southwest Norway may 
comprise the plutonic rocks of the Jæren area, 
while Andresen & Heier (1975) suggest that also 
the paragneisses of the region are allochthon
ous. 

Geological setting 
Jæren, in Rogaland, south west Norway, is a 
low-lying narrow strip of land extending south
ward from Tungenes, northwest of Stavanger, to 
Brusand in the Egersund area, a distance of 
nearly 60 km. The maximum breadth of the 
region is about 15 km. 

Boknfjorden, north of Jæren, is a basin-like 
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depression with larger and smaller islands, the 
remnants of a Caledonian nappe system incor
porating rock masses of different age and meta
morphic grade. In several places to the north and 
east of this depression, the thrust rock masses 
are overlying a thin cover of almost unmeta
morphosed, autochthonous Early Middle Cam
brian sediments of epiclastic origin (Hennings
moen 1952). The preservation of these sedi
ments may partly.be ascribed to a gradual thin
ning of the southeastward advancing Caledonian 
nappes, thereby reducing their impact on the 
overridden rock complexes. However, a mod
erately rolling sub-Cambrian peneplane should 
also be accounted for when attempting to explain 
why basal Cambrian deposits may be found in 
situ in some places, white they are absent in 
others. 

Outline of geology 

The greater part -of the rocks of Jæren and 
adjacent districts belongs to a Caledonian nappe 
system that has been thrust directly upon the 
Precambrian basement. The allochthon consists 
of four discrete nappe sheets of contrasting 
lithology, metamorphic grade, and tectonic 
style. 

The lowermost thrust unit, the Lower Nappe 
Sheet, is chiefly made up of phyllites, with minor 
amounts of other metaclastics. It reveals a rather 
complicated fold pattem. A major direction of 
folding is along NW-SE-trending axes, typically 
developed in the central portion of the Stavanger 
peninsula in the form of strongly compressed 
large-scale folds with steep to vertical axial 
planes. Farther south on the peninsula, the folia- · 

tion of the phyllites is gradually deflected and 
becomes approximately NE-SW, with moderate 
to steep dip towards the northwest. A similarly 
oriented fold structure occurs in the phyllites of 
the southeastem exposures of the Lower Nappe 
Sheet, here being developed as tight folds with 
rapid reversal of dip of the axial planes. 

The next tectonic unit is heterogeneous, with 
gneisses (partly of distinctly migmatic character) 
and feldspathic schists as the dominant rock 
members. The contact of these rocks with the 
Lower Nappe Sheet is frequently drawn out in 
such a way that slice-shaped bodies of gneiss and 
feldspathic schist altemate with thicker and thin
ner masses of gamet-bearing phyllite. The de
tails of this complicated structure are probably 
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the res ult of differential movements between the 
plastic phyllites and the more competent gneis
ses and schists. Thereby, the phyllites were 
kneaded into the higher-grade rocks in long 
drawn-out recumbent folds, and vice versa. The 
tectonic unit in question presumably represents 
the southemmost offshoot of a much larger mass 
of higher-grade rocks (gneisses, mica schists, 
amphibolites, etc.) that extends northward 
across Boknfjorden into the Vikedal district of 
north Rogaland. It may be termed the 'Boknfjor
den Nappe Complex'. 

Both of the two above-mentioned nappes are 
overlain by a third one, the Jæren Nappe Com
plex, composed of medium amphibolite facies 
supracrustals and granitoid plutonites of anatec
tic derivation. In the northem part of the map 
area (Fig. l), owing to a NW-SE-trending axial 
culmination, most of the rock masses of the 
Jæren Nappe Complex have subsequently been 
wom away, only remnants of them being pre
served in the islands Hundvåg, Bjørnøy, and 
Roaldsøy, and, farther southeast, in the U sken 
area. Structurally, the Jæren Nappe Complex 
may be characterized as a N-S-oriented sinuous 
fold system, with foliation sweeping around an 
elongate mass of granitoid plutonites which ter
minates the nappe sheet towards the northeast. 
In the metasupracrustals, and partly also in the 
granitoid plutonites, there is a distinct mineral 
lineation plunging gently to the northwest. The 
trend of the lineation differs somewhat from that 
of the corresponding linear structure of the two 
lower tectonic units, the latter having a direction 
(and plunge) nearer to north-northwest. 

To the west and northwest of Jæren a few 
small islands and a multitude of islets and sker
ries appear, chiefly made up of lower greenschist 
facies metabasites of supposed Earl y Ordovician 
age, all of which betong to a comparatively 
narrow, N-S-trending zone, extending north
ward into the Karmøy-Haugesund district. This 
zone, termed the 'Karmsund Nappe' by the 
author (Birkeland 1975), is interpreted as the 
highest tectonic unit within the nappe system. 
The general direction of lineation and axes of 
folds Iies between N-S and NNE-SSW, which is 
about parallel to the Caledonian orogen. 

The Precambrian basement 

To the east of the Jæren district Iies a great 
expanse of mountain country dominated by mas-
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sive, often granite-looking gneisses, which have 
been invaded by large bodies of a coarse-grained 
granite of distinctly porphyritic character. The 
gneisses are probably the metamorphic deriva
tives of a supracrustal rock system, including 
epi- and volcaniclastic members. The more or 
less marked planar structure of the rocks has 
generally been laid in open and wide folds. In 
various places, however, and particularly in the 
western outskirts of the basement area, the 
metasedimentary strata are more strongly com
pressed, with steeply dipping planar structures. 
Recent radiometric age determinations indicate 
three main orogenic events: around 1500, 1200, 
and between 1000 and 850 m.y. (Versteeve 1975, 
Pasteels & Michot 1975). 

The metasedimentary rocks are believed to 
have been formed under environmental condi
tions with thick accumulations of rapidly buried 
high-feldspar sands. In the terrane, wider and 
narrL".·ter zones of pure meta-arkose altemate 
with zones and layers of other types of meta
sandstone, the predominant of which may have 
had a considerable input of volcaniclastic de bris. 
Occasionally, the meta-arkose may be interbed
ded with quartzite, the latter standing out on 
weathered surface as ribs in strong relief against 
the less resistant rock. Of local importance are 
certain gneisses rich in quartz and diopside, and 
with varying amounts of epidote, thought to 
represent altered sands of which carbonate detri
tus formed a significant part. Purer carbonate 
rocks, on the other hand, apparently derived 
from silicious dolomitic limestones, are of rare 
occurrence. They are partly developed as ophi
calcite, consisting mainly of calcite and antigo
rite, with the latter mineral probably as an 
alteration product of forsterite (see also Morten
sen 1945). In some places relatively thick layers 
and zones of amphibolite appear which may 
altemate with beds of a leptite-like gneiss. 

The ancient supracrustals have been subjected 
to high-grade regional metamorphism corre
sponding to the stability fields of the granulite 
facies and the upper portion of the amphibolite 
facies. Typical constituents of the rocks of the 
granulite facies are mesoperthite, ortho- and 
clinopyroxene, brown hornblende, almandite 
relatively rich in the pyrope molecule, cordier
ite, and sillimanite. The two last-mentioned 
minerals are restricted to narrow zones, layers, 
hands, and schlieren in the granitoid rocks of the 
area. 

Viewed on a large scale, the processes to 
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which the epi- and volcaniclastic sediments were 
subjected appear to have taken place under 
essentially isochemical conditions, embracing 
both simple recrystallization and anatexis in situ. 
The evolution of granite (from arkosic sands) by 
the former process has been termed 'trepto
morphism' by Dietrich (1963). The resulting gra
nitoid rock is found as comparatively narrow, 
protracted tabular bodies, which by their whitish 
color form a sharp contrast to the surrounding 
grey gneisses. However, anatectic phenomena 
are in many cases clearly recognizable. This 
applies particularly to the heterogeneous gneis
ses. The product is a gneissic rock with a more 
or less pronounced migmatite structure, formed 
by partial melting in situ of the more easily 
fusible components. The latter occur as veins 
and lenses of granitoid or pegmatoid character, 
which differ very markedly from the medium- to 
finer-grained crystalline residue, including both 
acid and basic rock types. It is a reasonable 
assumption that the major portion of the base
ment rocks remained essentially solid during the 
high-grade regional metamorphism. Neverthe
less, there are, at least locally, indications of a 
partial mobilization of the acid components of 
the heterogeneous gneisses, manifesting itself in 
vein- and dike-like granitoid or pegmatoid bodies 
that cut through the planar structure of the 
geochemically immobile part of the rock. 

The metasupracrustals have been invaded by 
large intrusive bodies, in the north by lenticular 
to more irregularly shaped mas ses of porphyritic 
granite, and, in the south, by a heterogeneous 
body of anorthosite and congeneric rocks (the 
anorthosite alone covering an area of about 1000 
km2). 

A porphyritic granite (locally with transitions 
to granodiorite) occurs just west of Ålgård as a 
N-S-oriented lentoid mass, measuring 13 by 7 
km. The body, the Sjelset adamellite (Michot 
1960a), is, towards the west, in immediate con
tact with the Caledonian nappes of the Jæren 
district. Along its eastern boundary, the granite 
has developed a weak to almost imperceptible 
planar structure, which is conformable to 
the foliation of the adjoining heterogeneous 
gneisses. The intrusive character of the granite 
is shown by the rare occurrence of up to 20 m 
thick dikes branching off from the main body 
and cutting through the country rocks. 

Farther north, a much larger intrusive mass of 
porphyritic granite is found. Beginning on the 
eastern side of Gandsfjorden, where it is tapering 
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LEGEND 

KARMSUND NAPPE • Greenstone, greenschist, 
metaclastics, gabbro 

JÆREN NAPPE COMPLEX 

r==J Metasupracrustals 

BOKNFJORDEN NAPPE ��···.,• �·�""' 
� Gneiss, mica øchist, marble, 
� amphibolite, granite 

LOWER NAPPE SHEET 

PRECAMBRI AN B ASEMENT � Anorthoøite 

r+l+ L...±.J Porphyritic granite 

O High-grads metaøupracrustals 

-,- Strike and dip of foliation 

T-T" Thruøt faultø 

Thrust faultø (inferred) 

Norma l faults 

Fig. l. Geological-tectonic map of Jæren and adjacent districts. The geology of the Precambrian basement is greatly simplified. 
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off towards the south as a 7 km long and 
300-100 m thick, nearly vertical sill, the said 
intrusive develops into a somewhat curved 
sheet-like body that extends eastward, making 
up a major portion of the wide expanses north of 
Lysefjorden. A more or less pronounced planar 
structure is as a rule parallel to the foliation of 
the bordering granitoid gneisses. 

The large intrusive mass of (andesinic) anor
thosite, in the south, is clearly younger than the 
contiguous heterogeneous granitoid gneisses. A 
planar structure, locally found in the anorthosite 
of the marginal zone (including noritic facies), is 
conformable to the foliation of the country 
rocks. 

The Lower Nappe Sheet 
The Lower Nappe Sheet is made up of low 
greenschist facies metasediments, with phyllites 
as the predominant members. In the Jæren dis
trict, these rocks occur mainly north and north
east of Hafrsfjorden. They are assumed to occur 
below the Jæren Nappe Complex (and the sea) 
between Forus and Sandnes, and farther south, 
beneath a thick cover of Quatemary deposits. 
They outcrop again east of the northem end of 
the lake Frøylandsvannet, and in the Time and 
Undheim areas. The phyllites are thought to 
continue, below thick Quatemary accumula
tions, in a southwesterly direction towards the 
sea. 

Rocks belonging to the Lower Nappe Sheet 
occur on most of the small islands north and 
northeast of Jæren, and are also found in the 
Tau-Jørpeland district, in the upper right corner 
of the map (Fig. l). 

A main problem through many years has been 
the gneisses and feldspathic schists that build up 
a not inconsiderable part of the terrane to the 
west and northwest of Stavanger, where the said 
rocks may occur as more or less isolated, often 
plate-shaped bodies in the phyllites. Their pre
sence has been explained in different ways. 

In the following, petrographic descriptions are 
given of the phyllites and the accompanying 
variously shaped masses of other metaclastics, 
including quartzite, metasubarkose, and a par
ticular type of metagraywacke. 

Phyllite 

The phyllites are grey to greenish grey rocks, 
with a grain size between O.l and 1 .0 mm. 
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Veinlets and glandules of white to greyish white 
quartz are very common. Besides, the rocks 
often exhibit an intense small-scale folding. The 
principal constituents are quartz, muscovite, 
chlorite, and (although not always present) spes
sartine-almandine. The spessartite-almandite is 
particularly abundant in the phyllites that out
crop in the northwestem portion of the Stavan
ger peninsula and on the islands immediately to 
the north and northwest of Stavanger. A gamet
bearing phyllite appears also in a small area just 
south of Lye, about 1 2  km south of Sandnes. The 
gamet individuals, frequently with idioblastic 
outlines, may contain inclusions of quartz and 
graphite, the latter mineral often being arranged 
in concentric zones, indicating intermittent 
growth (Fig. 2). Albite (the only feldspar) may 
be absent or merely accessory. A carbonate is 
often present, but usually in trifling· amounts. 
Graphite occurs in the shape of relatively coarse 
clusters or as fine, evenly distributed grains. 
Locally, the phyllite may be so rich in graphite 
as to become almost black in colour. Tourma
line, forming minute prisms, is a very common 
accessory constituent. 

As a supplement to the above description, a 
few remarks will now be made on the occurrence 
of chloritoid in rocks that have a suitable bulk 
chemistry. The first account of chloritoid-car
rying mineral assemblages found in the phyllites 
and schists of south Norway, was given by 
Goldschmidt (1921 ). Two of the occurrences 
mentioned by him are located in the islands Bru 
and Horge, while the third is situated at Fiskå, 
about 8 km northeast of Tau, in the Strand 
district. In Bru, the chloritoid is found in a 
quartz-muscovite-chlorite-gamet phyllite, on 
Horge, in a coarse-crystalline mica schist with 
numerous pegmatite intrusions, and at Fiskå, in 
a quartz-muscovite-chlorite phyllite apparently 
lacking gamet. In the two first-mentioned 
occurrences, the chloritoid was considered by 
Goldschmidt as clearly diaphthoretic, formed 
from a higher-grade mineral, probably staurolite. 

The present author agrees with Goldschmidt 
respecting the Horge occurrence, but regards the 
chloritoid in the phyllite in Bru as decidedly 
primary. In Bru, there is another occurrence of 
chloritoid-bearing rocks (not described by Gold
schmidt), on the southwest side of the island. 
The outcrop, an oval-shaped zone, 1 0-1 5  m 
thick, and consisting of a rhythmic sequence of 
quartzite and quartz phyllite, is situated between · 

an overlying, almost horizontal, platelike body 
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of augen gneiss and a much thicker mass of 
quartz-muscovite-chlorite-gamet phyllite. The 
chloritoid appears in up to 4 mm large, blackish, 
tabular porphyroblasts, which are more or less 
evenly distributed in the component rocks. 
Additional chief minerals, besides quartz, are 
muscovite, chlorite, and red gamet. 

Quartzite 
The quartzite forms layers with a maximum 
thickness of 2-3 m. The colour varies from light 
to dark grey. In addition to quartz, muscovite 
and chlorite occur in small amounts . The quart
zite is locally found rhythmically interbedded 
with strata and laminae of quartz phyllite, the 
individual beds varying from a few mm to a 
couple of cm in thickness. 

Metasubarkose 
The rock termed 'metasubarkose' appears both 
as layers and as lens-shaped bodies. It is a 
massive, generally fine-grained rock. The colour 
is greyish white, becoming almost white on 
weathered surface. Megascopically, scattered 
tabular grains of feldspar (up to 4 mm in size) can 
bee seen. The microscope shows comparatively 
large angular grains of microcline and microcline 
microperthite, albite, and sometimes also 
quartz, set in a fine-grained matrix of the same 
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Fig. 2. Photomicrograph of gar
net-bearing quartz-muscovite
chlorite phyllite. The gamet por
phyroblast near the upper right 
corner contains inclusions of 
graphite arranged in concentric 
zones. Nicols not crossed, x 60. 
Location: Near Rev heim church, 
6 km west-southwest of Stavan- . 
ger. 

minerals. According to the chemical analysis 
given by Goldschmidt (1921), the rock should be 
composed of about 90 per cent quartz. In addi
tion to the above minerals, shreds of muscovite 
and traces of chlorite occur. Accessories include 
zircon, rutile, and iron oxides. 

Metagraywacke 
The metagraywacke is a rare rock type, having 
been found in only one locality, a point near the 
shore, 4 km south of Stavanger, where it occurs 
in up to 3 m thick layers in the phyllite. The 
metagraywacke is distinctly bedded, with alter
nating light grey and darker greenish grey lami
nae varying from l cm down to l mm in thick
ness . White the light grey laminae are mainly 
composed of quartz and albite, the darker grey 
beds abound in chlorite and a pale green actino
lite. The al bite is always twinned, showing rather 
broad lamellae. Some of the albite grains have 
euhedral form, the rest being fragmenta!. Addi
tional mineral . phases include epidote/clino
zoisite, calcite, titanite, pyrite, and iron oxides. 
From its mineral composition and textural
structural character, the rock may be interpreted 
as the low-grade metamorphic equivalent of a 
redeposited, marine sand with a significant input 
of andesitic (or possibly basaltic) tuffaceous 
material. 
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Fig. 3. At the bottom of the 

photograph, gneiss with ptygma

tically folded granitoid veins. 

The hammer Iies on a thin zone 

of gamet-biotite-bearing phyllo

nite. Above the hammer, 

micaceous gneiss with a few gra

nitoid veins. In the very upper 

portion of the photograph, gar

net-bearing quartz-muscovite

chlorite phyllite. View looking 

north-northwest. Location: 

Smiodden, southem side of Vis

teviken, 8 km west of Stavanger. 

The Boknfjorden Nappe Complex 

The region to the west-northwest of Stavanger is 
characterized by the presence of a relatively 
large, disconnected mass of gneiss and feld
spathic schist, resting on a substratum of gar
net-bearing quartz-muscovite-chlorite phyllites. 
Analogous gneisses and schists are also found on 
some of the islands north and northeast of the 
mainland, as well as in the Tau-Jørpeland dis
trict, still farther to the northeast, where they 
occur both as 'inliers' in the phyllites and as a 
thick mass on top of the southwestward dipping 
phyllite sheet. 

The mas ses of gneiss and feldspathic schist are 
in most cases conformable with the foliation in 
the phyllites. Locally, an alternation between 
thicker and thinner flakelike bodies of gneiss and 
phyllite may be observed. Some of the smaller 
gneiss bodies have the appearance of being 
squeezed-off lo bes of !arg er mas ses of crystalline 
rock. 

The contact of these higher-grade rocks with 
the phyllites is usually sharp. In places, howev-
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er, because of intense deformation and knead
ing, a schistose rock, superficially resembling a 
phyllite, may appear, not only along this contact 
but also in narrow zones within the bodies of 
gneiss and feldspathic schist themselves (Fig. 3). 
The rock, which contains tiny flakes of biotite, 
evidently in a state of growth, may be described 
as a blastophyllonite. 

The feldspathic schists are dark to medium 
grey rocks. They contain numerous grey to 
greyish white feldspar porphyroblasts, which are 
generally less than 5 mm in size, rarely up to l 
cm or more. In the schists light granitoid veins 
often occur which may show ptygmatic folding. 
The schists are sometimes intimately associated 
with a grey veined gneiss (Fig. 4). The feldspar 
usually is albite or albiclase. Other minerals are 
biotite, muscovite, gamet, and clinozoisite, the 
last-mentioned with nuclei of orthite-epidote. 

An impure crystalline limestone occurs as a 
few thin layers in a complex of gneisses and 
schists in the Vistnes area. In addition to calcite, 
the marble contains abundant biotite (giving the 
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Fig. 4. Veined gneiss i n  contact with feldspathic schist. Location: Near quay, Hamaren, 7.5 k m  west o f  Stavanger. 

rock a mottled appearance) and scattered feid
spar crystalloblasts. 

Two main types of gneiss can be recognized: 
micaceous gneiss and granitoid gneiss. 

The micaceous gneisses are darker to medium 
grey rocks. Small-scale mineralogical banding is 
common (Fig. 5) . Fine- to medium-grained tex
tures prevail, but locally rocks developed as 
feldspar blastites occur. The phenoblasts consist 
partly of albite or sodic oligoclase and partly of 
microcline (or a perthitic variant). Other chief 
constituents are biotite and muscovite, while 
clinozoisite is present in negligible quantities. 

The granitoid gneisses occur both as separate, 
comparatively homogeneous platy mas ses and in 
alternation with other rock types (Fig. 6) . Local
ly, an augen gneiss type has been developed. 
Feldspar and quartz are the major constituents 
of these gneisses. In the augen gneiss, the feid
spar shows a tendency to idiomorphic shape. 
The larger feldspar individuals are often micro
cline or microcline microperthite, in single cry
stals or as Carlsbad twins. The plagioclase is 

albite or sodic oligoclase. Muscovite is always 
present, occurring in subparallel growth with 
biotite. 

A common feature of the gneisses and the 
feldspathic schists is the presence of granitoid 
veins and lenses, giving the rock a more or less 
pronounced migmatite structure. In addition, a 
light, coarse-grained to pegmatitic granite 
occurs, forming up to 20 m long and 3 m thick 
sills. Some of the smaller sills may be strongly 
folded, showing at the same time fragmentation 
phenomena due to shearing stress and fracture in 
the solid rock. Goldschmidt ( 1921), from an 
analysis of a sample collected at Vistnes light
house, found it to consist of quartz 35.9 per cent, 
microcline 25 .4 per cent, albite 26.0 per cent, 
muscovite 7 .O per cent, biotite 3 .O per cent, and 
a little clinozoisite, titanite, and apatite. 

The Jæren Nappe Complex 
Rocks of this nappe unit occur in three separate 
regions. The !argest one, the Jæren district prop-
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Fig. 5. Grey gneiss (lower halO, 

dark mica schist, and schistose 
feldspar blastite exhibiting in

tense small-scale folding. View 

looking north-northwest. Loca

tion: Road-cut, 3 km south

southeast of Tau, Strand. 

er, stretches southward from the mouth of 
Hafrsfjorden to about halfway between NærbØ 
and Vigrestad. It is made up of a system of 
metasedimentary and metavolcanic rocks, con
formably enveloping an elongate, sinuous mass 
of granitoid plutonites. The next one covers the 
greater part of the three small islands Hundvåg, 
Bjørnøy, and Roaldsøy, situated immediately 
north of Stavanger. In this region, paragneisses 
are the dominant rock types. The third one 
comprises the two islands Usken and Uskekal
ven (including a few islets) about 5 km east of 
Stavanger. It differs from the first two regions in 
being almost exclusively built up of a gneissoid 
granitic rock, probably an equivalent of the 
granitoid plutonites of the Jæren district. 

The Jæren district 

Metasupracrusta/ rocks 

The metasupracrustal rocks include quartzite 
and quartz schist, mica schist, quartz-rich mica 
gneiss, quartzo-feldspathic gneiss, calcite mar
ble, lime silicate gneiss, and amphibolite. 
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Quartzite and quartz schist.- These rocks form 
relatively thin zones within much thicker masses 
of paragneiss and other metasupracrustals. They 
are both light-coloured, medium-grained rocks, 
the quartz schist exhibiting a marked foliation. 

Mica schist. - This rock occurs only sporadical
ly, forming thin zones in the metasedimentary 
column. It is a grey to darker grey, medium
grained rock, containing abundant quartz and 
biotite, with minor amounts of sodic plagioclase, 
muscovite, and gamet. Gradation from mica 
schist into a strongly foliated micaceous gneiss is 
locally observed. 

Quartz-rich mi ca gneiss. - Rocks falling within 
this heading have a wide distribution in the 
Jæren district. They are grey to darker grey, 
medium-grained, generally massive rocks, inter
preted as metamorphosed argillaceous sand
stones. A layered structure in the form of alter
nating lighter and darker zones, hands, and 
schlieren, which may exhibit intense plastic fold
ing, no doubt reflects changes in lithologic char-
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acter of the original sediment. The gneiss con
tains abundant quartz with varying amounts of 
sodic plagioclase, biotite, muscovite, gamet, and 
epidote/clinozoisite. In addition, microcline may 
sometimes occur, but then only in minor quanti
ties. 

The rock also contains numerous quartz veins 
and a few, scattered, sill-like bodies consisting of 
a white sugary quartz, all of which are concor
dant with the foliation." Locally, light-coloured, 
medium- to coarse-grained quartz-feldspar-rich 
segregations may be seen in the shape of veins, 
lenses, and other small bodies. 

Quartzo-feldspathic gneiss. - The members of 
this gneiss type are commonly associated with 
amphibolite, giving the compound rock a dis
tinctly banded structure. The composite rock 
may show intense plastic folding. Apparently, 
the banding is reflecting the original layering of a 
sequence of arenaceous and basic, tuffaceous 
sediments. The quartzo-feldspathic gneiss is a 
light grey to. grey, medium- to fine-grained, 
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Fig. 6. Flow folding in a com
plex of granitoid (light grey) and 
dark gre y, biotite-rich gneis ses. 

View looking northeast. For 
scale, see hammer, near the low

er right corner. Location: Road
cut, 3 km south-southeast of 

Tau, Strand. 

rather massive rock. It may be characterized as a 
metamorphosed feldspathic sand, which has 
probably also included some pyroclastic mate
rials. The principal minerals are quartz and sodic 
plagioclase. Biotite is the common femic consti
tuent. Other species occasionally present are 
green homblende, epidote, and gamet. 

Calcite marble. - Calcite marble commonly 
occurs as thin layers altemating with beds of 
other rocks, including amphibolite and different 
types of gneiss. Larger masses of marble are 
only found in the Sola-Tananger area (Fig. 7). It 
is a grey to light grey (locally reddish), medium
grained rock, with biotite and muscovite as the 
only macroscopically visible silicate minerals. 
As additional minor constituents may occur 
quartz, sodic plagioclase, tremolite, and zoisite/ 
clinozoisite. 

Lime silicate gneiss. - The rock is closely associ
ated with calcite marble. In the Tananger area, it 
has also been formed at the contact of an impure 
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Fig. 7. Calcite marble with sills of granite pegmatite. Location: Sømsøy, south part of Hafrsfjorden. 

crystalline limestone and small intrusive bodies 
of granodiorite. The chief lime silicate mineral is 
diopside, while vesuvianite may be found local
ly. The other constituents are oligoclase, micro
cline, quartz, biotite, gamet, zoisite/clinozoi
site, and calcite. 

Near Soma, northwest of Sandnes, another 
rock type occurs together with strongly folded 
beds of calcite marble. It is a feldspar-rich rock, 
with a mineral composition that differs greatly 
from that of the common diopside-carrying 
gneiss. The chief minerals are andesine, micro
cline, scapolite, and biotite. In minor quantities, 
gamet, zoisite, quartz, and muscovite occur. 

Amphibolite. - Amphibolites are widely distrib
uted in the Jæren district. Some of these rocks 
occur associated with other metasupracrustals, 
and are therefore thought to represent altered 
basaltic tuffs. Amphibolites which may repre
sent metamorphosed basaltic lavas occur as 
tabular masses, possibly a reminiscence of the 
original lava sheet form. The !argest body of this 

category is found northwest of Bryne, and can 
be traced for about 2.2 km with an average 
thickness of 200 m. In some cases, the almost 
black homblende has a tendency to gather in 
roundish bodies of relatively large prisms 
embedded in a fine-grained mosaic of grey feid
spar. This blastoporphyritic texture may ex
plain why the amphibolites of the latter type 
often display a more or less well-developed 
spheroidal weathering. Locally, the amphibolite 
masses may be transected by up to 30 cm thick 
dikes of a light grey, fine-grained (aplitic) intro
sive rock of quartz-dioritic composition. 

The amphibolites are dark, medium- to fine
grained, usually rather massive rocks. Distinctly 
foliated rock types may be termed homblende 
schists. In addition to homblende, the rocks 
sometimes contain biotite and a reddish gamet in 
megascopically visible grains. The plagioclase is 
calcic oligoclase. 
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Fig. 8. Schlieren structure in inhomogeneous diatexite. Location: Husaberget hillock, 7.5 km south of Stavanger. 

Granitoid plutonic rocks 

These rocks occur within an elongate, sinuous 
body rising along a north- to northwest-trending 
axis in the northeast part of the Jæren district. 
To the west, the body, which may be termed the 
'Northeast Jæren pluton,' is flanked by a con
formable mantle of metasupracrustal rocks. 

The pluton is a complex mixture of more or 
less foliated granitoid rocks of varied structure 
and composition. In between the individual plu
tonic rock masses flow relic sheets and hands of 
metasedimentary and (to a minor extent) meta
volcanic (amphibolitic) country rocks. The plu
tonic bodies commonly display a distinct migma
tite structure, although granitic masses that are 
nearly homogeneous in appearance may locally 
outcrop. There is every probability that the 
heterogeneous rock masses rose into place in a 
partially crystalline condition, which is, among 
other things, indicated by the fact that flakes, 

hands, and schlieren of unfused (mainly amphi-
bolitic) material often exhibit intense and intri
cate plastic folding (Fig. 8). An obvious idea is 
that the granitoid rock masses that make up the 
Northeast Jæren pluton represent mobilized 
migmatites (anatexites), which were formed by 
differential fusion of various rocks within the 
catazone of the earth' s c rust. 

As an example of this mode of rock formation 
may be chosen a fairly heterogeneous, slightly 
foliated granitoid plutonite from the east prec
ipice of the Lurahammeren crag, a little north of 
Sandnes. In addition to scattered flakes of 
amphibolite, the anatectic rock contains clusters 
of relatively large, hypidiomorphic grains of 
black homblende, biotite, and gamet within gra
nitoid veins that are oriented approximately at 
right angles to the foliation. This structure has 
been referred to as 'stictolithic' (Mehnert 1968). 
Also present in the rock is a structure which may 
be termed 'surreitic,' evidently resulting from 
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the filling of fissures and cavities (formed by 
dilatation in a comparatively immobile medium) 
with neosomatic material rich in feldspar and 
quartz. The granitoid ·part of the rock has a 
quartz-dioritic composition, with quartz, oligo
clase, and biotite as the chief constituents. The 
amphibolite fragments consist of oligoclase, 
green to brownish green hornblende, and minor 
biotite. 

Another occurrence of plutonic anatexites, 
obviously at a more advanced stage of evolution 
than the preceding one, is represented by the 
Madlatuen massif (at the north side of Hafrsfjor
den), which terminates the Northeast Jæren plu
ton towards the northwest. The rocks have been 
thoroughly dealt with by Goldschmidt (1921), 
who considered them as Caledonian intrusives 
belonging to the opdalite-trondhjemite kindred. 
The massif, which is lentoid in shape, with its 
main axis oriented NW-SE, has a markedly 
heterogeneous structure. From a marginal zone 
made up of a light grey biotite-bearing plutonite 
of quartz-dioritic composition one passes into a 
rock that becomes progressively richer"in femic 
minerals towards the central part of the massif. 
The core consists of a comparatively dark rock 
of dioritic composition, containing subparallel
oriented flakes, bands, and schlieren of 
amphibolite. All rocks usually have a medium
grained texture. The plutonites of the Madlatuen 
massif include biotite-bearing and hornblende
hypersthene-carrying rocks. 

Outside this massif, plutonic rocks of similar 
mineralogical and structural character have been 
observed at only two localities, in the topmost 
part of the Jåttånuten hill, 6 km south of Sta
vanger, and at a point about 3.5 km north of 
Sandnes. In the former locality, the plutonite, 
forming small lentoid bodies in the outcropping 
relic zone of paragneiss, is a grey, medium
grained, markedly foliated rock of quartz-dioritic 
composition, with hornblende as the chief femic 
constituent. The rock must originally have con
tained some hypersthene, shown by the fact that 
the former hypersthene individuals, now com
pletely altered to an aggregate of serpentine 
minerals, are surrounded by a reaction rim of 
green hornblende and chlorite. The plagioclase is 
calcic oligoclase. In the occurrence farther to the 
south, the body, rising above the alluvial plain as 
a wooded hill, and therefore of uncertain size 
and shape, is made up of an unfoliated horn
blende-bearing granitoid rock containing scat
tered inclusions of amphibolite. 
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Plutonic anatexites of granodioritic or granitic 
bulk composition are widespread within the 
Northeast Jæren body. Structurally, they range 
from inhomogeneous to homogeneous dia
texites. The only reminiscence of their anatectic 
origin is the occurrence of variously sized and 
shaped fragments, representing the residual 
crystalline material of the pre-existing host rock. 
These fragments are floating in a medium of 
granitic or granodioritic composition. The 
amphibolitic or gabbroid fragments have gener
ally been less influenced by the surrounding 
essentially molten granitoid mobilizates, while 
those of metasedimentary origin have apparently 
been more easily assimilated, lea ving only traces 
of the primary rock (nebulitic structure). On the 
other hand, the granitoid mobilizates may 
show reciprocal effects of contamination (by 
assimilative reaction) in a broader or narrower 
zone around the inclusions of amphibolite. The 
resulting hybrid rock is darker in colour than the 
uncontaminated granitoid medium, as it is 
strewn with small aggregates of individual grains 
or hornblende and biotite. 

The granodioritic and granitic plutonites 
generally have a medium-grained, even-grained 
texture, but coarse-grained to pegmatitic facies 
occur locally. Also, a more or less distinct foliate 
structure may be present in the rock. Major 
constituents are quartz, sodic plagioclase, mic-

. crocline, and biotite. In minor or subordinate 
amounts, hornblende, muscovite, epidote/clino
zoisite, and garnet occur. The microline is often 
perthitic, with strings (seldom blebs) of sodic 
plagioclase. The hornblende is strongly pleo
chroic in green and brownish green shades. 

Within the Northeast Jæren pluton thicker and 
thinner sheets of more or less transformed sup
racrustal rocks often occur, interpreted by the 
author as having originally belonged to the 
metasedimentary and metavolcanic rock system 
of the Jæren Nappe Complex. Most of these 
rocks are gneisses with quartz, acid plagioclase, 
and micas as the chief constituents, while a 
minority of them may be termed hornblende 
gneisses and amphibolites. The hornblende has 
marked pleochroism in green to brownish green 
colours. The megascopically visible textural and 
structural changes that take place in the country 
rocks, which may show intense plastic and iso
clinal folding, begin with the growth of small 
feldspar porphyroblasts. This is followed by the 
appearance of large feldspar augen and the 
formation of isolated granitoid and pegmatoid 
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veins and lenses. The final stage is the intrusion 
of granitic melts, derived from the migma, often 
in a typical lit-par-lit fashion. 

Minor intrusions of granodiorite and 
granite pegmatite 

In a zone, some 3-4 km wide, following the 
southwest margin of the Northeast Jæren pluton, 
a multitude of lårger and smaller, usually sill
shaped masses of granodiorite and granite 
pegmatite have invaded the country rocks, rep
resented by different types of gneiss, calcite 
marble, and amphibolite. 

The intrusive bodies are particularly abundant 
in the Tananger area, where a granodiorite mag
ma has been injected into the country rocks to 
form a swarm of NW-SE-trending sills. In some 
places, a network of sills and dikes has been 
developed. In addition sills and veins of granite 
pegmatite occur. 

By and large, the country rocks have been 
only insignificantly changed in their mineral or 
bulk composition, through the injection of the 
granodiorite magma, with the exception of the 
calcite marble, which has been considerably 
influenced by the expelled metasomatizing 
fluids. In that case, a reaction zone, represented 
by a skarnlike rock, has been formed between 
the marble and the granodiorite. Corresponding
ly, the granodiorite, in a narrow zone dose to. 
the 'skarn,' may show the reciprocal effects of a 
light contamination, which is reflected in the 
occurrence of small aggregates of red garnet and 
scattered crystals of brown vesuvianite. The 
'skarn' consists mainly of dark green diopside 
and reddish brown to red garnet, the latter being 
usually concentrated in lenses or irregular patch
es and streaks. The garnet, probably a member 
of the ugrandite series, has N = 1.745, which 
gives the composition Gross90Andr10• 

The granodiorite is a light (almost whitish) 
commonly medium- to fine-grained rock, but 
locally with coarse-grained to pegmatitic facies. 
The chief constituents are quartz, oligoclase, 
and microcline. Less important are biotite and 
epidote. 

Farther to the southeast, the acid magma has 
intruded as sills and veins of coarse-grained 
granite and granite pegmatite. The sills may be 
up to 5 m thick and attain a length of 20-30 m. 
The granite and the granite pegmatite are mainly 
composed of quartz and feldspar, with subordi
nate amounts of muscovite and biotite. 
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Diabase porphyrite 

The last igneous event that took place within the 
Jæren Nappe Complex was the intrusion of a 
diabase magma into the older rocks in the form 
of dikes, haphazardly oriented, measuring O.l-4 

m in thickness. The diabase is black, and usually 
of fine texture, although locally, in the thickest 
dikes, it may be distinctly porphyritic with up to 
2 cm long tabular phenocrysts of grey feldspar. 
The microscope shows large phenocrysts of 
sodic labradorite, diopsidic pyroxene, and 
altered olivine (probably iddingsite) set in a base 
of plagioclase, diopsidic pyroxene, biotite, and 
iron oxides. 

The Hundvåg-Bjørnøy-RoaldsØy area 

The region includes the major part of the istand 
Hundvåg and the two small islands Bjørnøy and 
Roaldsøy. 

The chief rock type of the area is a grey to 
darker grey, medium-grained, strongly foliated 
paragneiss. A notable feature, which it shares 
with the quartz-rich mica gneisses of the Jæren 
district, is the occurrence of whitish quartz veins 
and sill-like bodies composed of an almost white, 
sugary quartz. The quartz veins are oriented 
confortnably with the foliation, which are also 
the light-coloured pegmatoid veins and lenses 
occasionally found in the rock. The main consti
tuents of the paragneiss are quartz, oligoclase, 
and biotite. 

The following rock types have a much more 
restricted occurrence: quartzite, mica schist, 
hornblende gneiss, and granitic gneiss (partly 
developed as augen gneiss). 

The quartzite and the mica schist both occur 
as narrow, non-persistent zones in the 
micaceous paragneiss. The quartzite is grey to 
dark grey. The mica schist contains biotite as the 
dominant mineral, which accounts for its dark 
grey to blackish colour. 

The hornblende gneiss (probably a tuffitic 
metasediment) has green hornblende and calcic 
oligoclase as the chief minerals. Locally, the 
rock may contain small roundish fragments of a 
dark, fine-grained amphibolite. 

The granitic gneiss is restricted to a few nar
row zones in the northeastern part of the area. 
Where it occurs in alternation with layers of 
paragneiss, mica schist, and quartzite, the com
posite rock may exhibit intense plastic folding. 
Presumably, the granitic gneiss is the product of 
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a far advanced metasomatic feldspathization of 
the normal paragneiss and schist material of the 
region. 

Granitic intrusive bodies are practically ab
sent in the area, as only a few thin sills of a light 
grey, medium- to coarse-grained rock of grano
dioritic composition have been found in the par
agneisses of the island Hundvåg. The main con
stituents of this intrusive are quartz, oligoclase, 
and microcline. 

The Usken-Uskekalven area 

To this area belong the islets Store and Lille 
Teistholmen, situated to the northeast ofUsken. 
Towards the east, the region is clearly bounded 
by a NNE-SSW-trending fault, indicating that it 
has been lowered relative to the Precambrian · 

basement. 
The predominant rock of the area is a greyish, 

medium-grained, fairly homogeneous granitoid 
plutonite (probably a counterpart to the North
east Jæren pluton, farther southwest), which has 
locally been subjected to strong deformation. 
The gneissoid character of the rock iss less con
spicuous on Store and Lille Teistholmen, Uske
kalven, and in the northem half of Usken, but 
becomes gradually more pronounced towards 
the south. The rock also shows a well-defined 
mineral lineation, dipping gently to the north
west. The main constituents are quartz, sodic 
plagioclase, microcline, and biotite. 

Rocks of definitely metasedimentary nature 
have been noted at only a few localities, forming 
thin zones, flakes, and schlieren, which are 
conformable with the foliation of the acid pluto
nite. One rock type carries, in addition to sodic 
plagioclase, abundant quartz and biotite, and 
may accordingly be termed quartz-rich mic·a
ceous gneiss. Another rock type especially 
worth mentioning is a dark, medium-grained, 
crudely foliated gneiss, containing cordierite in 
abundance, with minor amounts of quartz and 
sodic plagioclase. Biotite was not observed. 

The Karmsund Nappe 

The author has proposed the name 'Karmsund 
Nappe' for this thrust unit (Birkeland 1975). 
Through an oversight on the author's part, the 
term was not defined, but only used in the legend 
on the sketch map (Fig. l) in the same paper. 

Within the map area, most of this thrust sheet 
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is submerged by the sea, only a fraction of it 
rising above the water as small islands and a 
large number of islets and skerries. The south
emmost of them is the islet Feistein. Farther 
north, the visible part of the thrust sheet tempo
rarily comes to an end in the KvitsØy archipela
go. It reappears on both sides of the Karmsund 
strait, between the island Karmøy and the main: 
land. 

The predominant rocks are greenstone and 
greenschist. These rocks are commonly re
garded as the low-grade equivalents of basaltic 
lavas and tuffs which were erupted during the 
Early Ordovician volcanism. Other rock types 
include metadacite-tuff and metamorphites of a 
mixed volcaniclastic origin. The latter are partic
ularly abundant within the greenschist-domin
ated zones. In addition small bodies of saussurite 
gabbro occur. The saussurite gabbro locally pas
ses in to a very coarse-grained variety, which 
may be termed gabbro-pegmatite. All these 
rocks have been intruded by dikes and sills 
(maximum thickness 1.5 m) of a white, strongly 
foliated and partly crushed trondhjemite. Occa
sionally, the intrusion of the trondhjemite mag
ma has resulted in the formation of eruptive 
breccias. 

The istand Hås tein is built up of a complex of 
quartz-rich metaclastics, including quartz-peb
ble conglomerate, quartzite, and quartz phyllite. 

Greenstone. - The greenstone, which is a rather 
massive rock, often shows a well-defined por
phyritic texture, the bulk of the phenocrysts 
being composed of 2-3 mm long laths of saus
suritized plagioclase. In places, porphyritic 
zones altemate with nonporphyritic ones. Under 
the microscope, the porphyritic type is marked 
by comparatively large, unoriented laths of 
albite set in a densely felted aggregate of thin 
prisms of actinolite, chlorite flakes, minute 
grains of epidote, and a diffuse, fine-grained 
mosaic consisting mainly of albite. Subordinate 
or accessory constituents include quartz, biotite, 
titanite, apatite, and pyrite. At rare intervals, a 
greenstone showing variolitic texture is found. 
On weathered surface, the whitish varioles are 
clearly distinguishable from the dark, fine
grained groundmass. The microscope shows the 
varioles to consist of very small, partially radi
ating albite grains. 

Greenschist. - There is reason to. believe that 
the major part of the greenschists occurring 
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Fig. 9. Roundish epidote-rich bodies in greenschist. Length ofbox: 7.5 cm. Location: Hengsøya, Kjør. 

within the nappe unit were formed by low-grade 
regional metamorphism of basaltic tuffs. The 
mineral composition is comparable to that of the 
greenstone, with albite, actinolite, chlorite, and 
epidote as the chief constituents. Locally, the 
rock may contain lenticular to spherical epidote
rich bodies measuring up to 0.5 m (Fig. 9). 

Metadacite-tuff.- This greyish, somewhat schis
tose rock has a rather restricted occurrence, 
forming comparatively thin beds, which stand 
clearly out from the basic metavolcanics. Megas
copically, the rock exhibits a fine- to medium
grained texture, with scattered, 1-2 mm broad 
biotite flakes and up to pinhead-sized grains of 
red gamet. The microscope shows an even
grained aggregate of more or less fragmental 
albite phenocrysts, angular to subrounded grains 
of quartz, and minute, thin prisms of actinolite, 
in which are embedded relatively large flakes of 
biotite and a few homogeneous gamet idioblasts. 
In addition, epidote occurs, forming both indi
vidual prisms and dense clusters of small grains. 
In agreement with this petrographic description, 

the original clastic sediment may be characte
rized as a dacitic crystal tuff. 

Hybrid metaclastics. - The supracrustal rock 
system must also have included clastic sedi
ments with a high con tent of nonvolcanic debris. 
The following example, a greenish gre y, finer
grained, schistose rock, is representative of this 
type of sediment. The rock exhibits a thin
bedded stratification which under the micro
scope manifests itself as a rhythmic sequence of 
laminae less than l mm thick, altematingly rich 
in albite-epidote, or quartz. Also, there is a slight 
increase in the grain size from the quartz-poor to 
the quartz-rich laminae. Another major consti
tuent is biotite, which may show alteration to 
chlorite. There is reason to believe that the rock 
represents the metamorphic equivalent of a cias
tie sediment of mixed provenance, probably a 
marine turbidite sand. 

Conglomerate, quartzite, and quartz phyllite. -
The island Håstein is made up of a complex of 
quartz-pebble conglomerate, quartzite, and 
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Fig. JO. Stretching in a folded sequence of quartzite and quartz phyllite. View looking northeast. Location: Southwest end of 
Håstein. 

quartz phyllite. The rocks, like all the metamor
phites of this nappe sheet, have been intensely 
folded on NNE-SSW-trending axes. In those 
parts of the field where a closely packed sequ
ence of quartzite and quartz phyllite is well 
displayed, the lineation may be so pronounced 
that the rock complex, particularly as seen in 
cross section, gives one the impression of a 
strongly deformed conglomerate (Fig. 10). The 
chief minerals of these rocks are quartz, musco
vite, and chlorite.Less common is a pale brown 
biotite. Tourmaline, distinctly pleochroic in dark 
brown to light reddish brown colours, is a com
mon accessory constituent of the quartz phyllite. 

The metamorphic and structural 
history of the rocks of the 
Caledonian nappes 

The Lower Nappe Sheet 

The phyllites of this nappe unit, the so-called 
Phyllite Formation, have long been considered 

as the low-grade equivalents of Cambro-Ordovi
cian marine shales found as a thin cover above 
the Precambrian basement in various places in 
southwest Norway. 

Although doubts may have been raised from 
time to time about this traditional view, it was 
not until 1976 that radiometric age data were 
published, which at once suggested that the 
present environments of the phyllites cannot be 
identical with their depositional environments 
(Sigmond & Andresen 1976. See also Sigmond 
1978). The isochron ages were obtained on sam
ples of meta-andesites from the Schist Unit at 
Skorpehei, Suldal, in northeast Rogaland. In the 
lower part of the Schist Unit, the meta-andesites 
are interlayered with black and grey phyllite, in 
the higher part with quartz-mica schists. The 
regression analyses give an age of 1 145 ± 98 m.y. 

Now, caution should be exercised in compar
ing widely separated areas. There are, however, 
certain lithologic similarities between the rocks 
of the Schist Unit and those of the Lower Nappe 
Sheet of the Stavanger district. In both regions, 
grey and black phyllites are characteristic rock 
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members. Likewise, the occurrence of meta
andesites in the Skorpehei area may be com
pared with the (rare) finding of a hybrid (tuffitic) 
metasandstone (termed 'metagraywacke') in the 
phyllites of the Stavanger district (p. 218). On 
the assumption that this correlation is valid, we 
may therefore postulate a Late Precambrian age 
for the rocks of the Lower Nappe Sheet. This 
also means that the present position of the Ph yl
lite Formation mlist be a secondary feature, and 
may be explained in terms of a low angle thrust
ing from the northwest or west-northwest. 

In the author's opinion, there are good reasons 
for accepting the above hypothesis. Firstly, the 
phyllites have been completely recrystallized 
under the physical conditions of the greenschist 
facies. Secondly, the phyllites and kindred 
metaclastics have been intensely deformed, with 
the development of complicated fold pattems 
and a distinct linear structure on NW-SE-trend, 
ing axes. Thirdly, in the high mountain districts 
east of the Boknfjorden region, a thin sheet of 
phyllites (usually superposed by other rock mas
ses) is often observed to be overlying an even 
thinner layer of Cambrian shales. The nearly 
horizontal boundary surface is clear-cut, and 
must be a thrust plane, as it separates two 
contrasting rock systems. 

Furthermore, the occurrence of autochtho
nous Cambrian shales and states in different 
parts of Rogaland indicates that the se sediments 
must have been in a foreland position during the 
Caledonian orogeny, with comparatively slight 
deformation and block faulting of the Precam
brian basement. The phyllites and associated 
low-grade metaclastics, on the other hand, were 
most probably formed under eugeosynclinal con
ditions. Lithologically, the Phyllite Formation 
may be described as a monotonous geosynclinal 
succession of low-grade metapelites, locally in
terbedded and intergradational with metamor
phosed sandy sediments. The rare occurrence of 
hybrid (tuffaceous) metasandstone and beds of 
meta-andesite (Suldal area) in the stratigraphic 
column indicates sporadic and non-continuous 
volcanic activity in a phase of geosynclinal de
velopment when the filling of the trough was 
controlled by the accumulation of great thicknes
ses of clayey sediments. 

The Lower Nappe Sheet thins rapidly to the 
east and southeast, from an apparent maximum 
thickness of about 800 m in the Vikedal district, 
north of Boknfjorden, to less than 50 m in the 
regions situated nearer the thrust front. Locally, 
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slices of gneiss occur in the phyllites at the 
contact with the superposed nappe unit of higher
grade rocks. These slices may be interpreted as 
drawn-out folds and pinched-off lenses, formed 
by differential movements along the contact 
surface. Good examples of this particular struc
ture are inter alia found in the Tau-Jørpeland. 
district, northeast of Stavanger, where a complex 
of gneisses and feldspathic schists overlies a 
relatively thin, gently southwestward dipping 
zone of strongly folded phyllites. On the east 
slae of the thrust masses, however, this tectonic 
position is in some places inverted, with slices of 
gneiss occurring below the p)lyllites in direct 
contact with the Precambrian basement. 

The Boknjjorden Nappe Complex 

The presence of mas ses of gneiss and feldspathic 
schist above (and partly as 'inliers' in) the 
phyllites in the region to the west and north of 
Stavanger and in the Tau-Jørpeland district has 
been the object of widely different opinions. 

The author recognizes three alternative expla
nations of this problem: 

(l) The gneisses and associated feldspathic 
schists have been formed through a progressive 
regional metamorphism and syntectonic metaso
matism of Cambro-Ordovician pelitic sediments 
(Goldschmidt 1921). 

(2) The same rocks r�resent Cambro-Silu
rian arenaceous sediments, which, together with 
the argillites, have been texturally and structur
ally reconstituted under essentially normal re
gional metamorphic conditions corresponding to 
the requirements of the greenschist facies (Kals
beek 1964, Miiller & Wurm 1969, 1970a, 1970b, 
Miiller 1970a, 1970b, Miiller & Schneider 1971, 
Wurm 1973, 1979). 

(3) The masses of gneiss and feldspathic 
schist do not betong to the Phyllite Formation, 
but are remnants of an older rock complex of 
higher-grade metamorphites and migmatites. 

(a) The appearance of up to pinhead-sized 
porphyroblasts of gamet (spessartite-almandite) 
in the phyllites surrounding the mas ses of gneiss 
and feldspathic schist was interpreted by Gold
schmidt as a contact phenomenon, caused by the 
alleged intrusion of granitic and trondhjemitic 
magmas into the low-grade metapelites. The 
further development of the gamet-bearing 
q�rtz-muscovite-chlorite phyllites into feld
spathic schists, micaceous gneisses, and augen 
gneisses may be summarized as follows: At a 
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particular stage of regional metamorphism, the 
original clayey sediments were pervaded by a 
wave of emanations (solutions or vapors) expel
led from the injected acid magmas. From these 
emanations certain oxides were selectively 
absorbed and fixed (alkalies, lime) or precipi
tated (silica), while other oxides passed through 
without being fixed. 

There are several weak points in Gold
schmidt's hypothesis. Thus, the contacts be
tween the bodies of gneiss and feldspathic schist 
and the adjoining gamet-bearing phyllites are 

· always sharp, with no noticeable textural or 
mineralogical changes in the latter. It is difficult 
to accept development of a sharp contact for 
hundreds of metres in length by abrupt halting of 
a wave of metasomatizing fluids. Equally hard to 
understand is how the same process may have 
led to the formation of small isolated masses of 
feldspathic schist and gneiss, which often 
abound in granitoid or pegmatoid veins, while 
not a single granitic vein can be observed in the 
surrounding gamet-carrying phyllites. 

Nevertheless, what remains significant in 
Goldschmidt's hypothesis is the conception of 
the growth of small gamet porphyroblasts in the 
phyllites as a genuine contact phenomenon, only 
that it cannot be interpreted as a result of a 
Caledonian injection metamorphism. 

(b) The following arguments can be cited 
against this alternative: 

While biotite is always present in the gneisses 
and the feldspathic schists, it is absent in the 
adjoining gamet-bearing phyllites. This is diffi
cult to understand, in view of the fact that, on 
this hypothesis, the two contrasting rock 
assemblages must have been subjected to iden
tical metamorphic conditions. 

We may also raise the question how to explain 
the formation of the light-coloured granitoid and 
pegmatoid veins and lenses which are often 
found in abundance in the gneisses and the 
associated feldspathic schists. It is generally 
believed that at temperatures lower than the 
middle of the amphibolite facies, no partial mett
ing would take place. As there is every indica
tion that the ro<:k members of the Phyllite 
Formation originated at temperatures not higher 
than those prevailing at the upper part of the 
greenschist facies, the above problem has to be 
tackled from a different angle. 

(c) The author regards the masses of gneiss 
and feldspathic schist as remnants of a separate 
thrust unit overlying the Lower Nappe Sheet. 
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Conceming the relation between these two nap
pes, the idea will be put forward that they were a 
collected whole long before the onset of the 
Caledonian orogeny. The welding together of the 
two rock complexes is explained in terms of a 
Precambrian nappe tectonics, whereby the up
per mass, the Boknfjorden Nappe Complex, was 
thrust upon a younger system of low-grade (and 
cooler) rocks, i.e., the Phyllite Formation. In 
agreement with this idea, the coming in of spes
sartite-almandite in the phyllites is interpreted as 
a contact phenomenon, due to an outward flow 
of heat from the superposed nappe. 

Outside the Stavanger area, this contact phe
nomenon is particularly well developed in the 
Vikedal district, north of Boknfjorden, where 
the zone of garnet-bearing phyllites may be up to 
200 m thick. It is overlain by a tabular mass of 
different types of gneiss, mica schist, and partly 
sill-shaped bodies of granitic intrusives. There is 
a marked increase in the number and size (up to 
1.5 mm) of the gamet porphyroblasts towards 
the top of the zone, thus strengthening the 
impression of a reversal of the normal tempera
ture gradient of the crust in the phyllites beneath 
the contact surface between the two nappe units. 

In various places, evidently as a result of 
strong differential movements along the contact 
surface, slices of gneiss and other rocks have 
been tom off from the supeijacent tectonic unit 
and incorporated in the phyllites of the Lower 
Nappe Sheet. 

Absolute whole-rock datings of the gneiss
amphibolite assemblages from the central Bokn
fjorden region give values that fall in the range 
1100-1200 m.y. (Heier, Naterstad & Bryhni 
1972). Also, isochron ages have been obtained 
on samples from an igneous rock-body in the 
Ormakam-Moldhesten mountain, situated in the 
Tau-Jørpeland (Strand) district, northeast of Sta
vanger, indicating at l east two Precambrian 
events, one about 1500-1600 m.y., and the other 
about 1150-1200 m.y. (Andresen & Heier 1975). 

The author has recently (1980) done sup
plementary field work in the Strand area. It turns 
out, then, that the Ormakam-Moldhesten occur
rence belongs to an uppermost nappe unit, which 
has been thrust upon a system of generally 
NNW-SSE-trending, strongly compressed and 
steeply dipping migmatic gneisses and feld
spathic schists, recognized as belonging to the 
Boknfjorden Nappe Complex. The igneous rock
body lies within a mass of relatively mildly 
folded granitic gneisses containing remnants of 
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paragneiss, mica schist, and amphibolite. The 
thrust plane is accentuated by the presence of a 
thin zone of mylonite gneiss at the contact 
between the two nappes. Moreover, in the ter
rane southeast of the Ormakam-Moldhesten 
mountain, the direction of the foliation of the 
gneisses and schists below the thrust plane has 

• been drastically changed, from NNW-SSE to 
about NE-SW. This may partly be ascribed to 
the plunger action of the higher nappe upon the 
lower one, partly to the buttressing effect of the 
rigid Precambrian basement. As a consequence 
of this combined plunger-buttressing mechan
ism, the rocks of the lower nappe unit, by 
yielding in a plastic fashion, have obtained a 
new, steeply northwestward dipping foliation 
that is oriented at approximately right angles to 
the old one. The new (Caledonian) foliation is 
associated with a mineral lineation which dips 
gently towards the northeast. At the same time, 
the Lower Nappe Sheet (the Phyllite Formation) 
has been reduced to a thin zone (locally 5-10 m 
in thickness) in the interspace between the crys
talline basement and the overlying tectonic un
its. 

Another, much smaller thrust mass occurs in 
the topmost part of the Kjortåsen mountain, 
about 5 km east-southeast of Tau. In the west, it 
lies upon rocks belonging to the Boknfjorden 
Nappe Complex, in the east, it is in contact with 
a lobe of the Phyllite Formation. The thrust mass 
in question is built up of comparatively gently 
folded granitic gneisses, which contain flake
shaped remnants of paragneiss, quartzite, and 
amphibolite. 

The author parallels the rocks of the upper 
thrust mass of the Ormakam-Moldhesten area 
and the granitic gneisses of the corresponding 
one in the Kjortåsen mountain with analogous 
rocks within the Northeast Jæren pluton, farther 
southwest. Thus, the members of the Ormakam
Moldhesten igneous rock-body may be com
pared with those of the Madlatuen massif. Com
mon rock-forming minerals are orthopyroxene, 
homblende, and biotite. On the other hand, 
while potash feldspar, mesoperthite, and cli
nopyroxene may occur as essential constituents 
of the rocks of the Ormakam-Moldhesten 
occurrence, the same minerals are completely 
lacking in the rocks of the Madlatuen massif. 
Notwithstanding these mineralogical differ
ences, the rocks of both massifs were probably 
formed by partial anatexis at a great depth in the 
crust, and at PT-conditions corresponding to 
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those of the granulite facies. In the last resort, 
this means that the Jæren Nappe Complex must 
originally have extended at least as far as the 
Strand area, and most likely ev en farther into the 
high mountain districts of north east Rogaland. 

The Jæren Nappe Complex 

As already stated in the descriptive part of this 
paper, the rocks include metasediments of main
ly epiclastic origin, in addition to metamorphic 
derivatives of basaltic lavas and tuffs. The gener
al lithology of the metaclastics seems to indicate 
the predominance of wacke sediments in the 
depositional area (the term 'wacke' is intended 
to denote impure sandstones containing an 
undetermined amount of silt and clay). The 
comparatively high metamorphic grade (medium 
amphibolite facies) of these rocks and the altered 
basic volcanics points to their accumulation 
under eugeosynclinal conditions, with subse
quent deep burial and intense tectonic move
ments. 

There is reason to believe that the metasupra
crustal rock system has been subjected to a 
forceful emplacement of mobilized plutonic 
anatexites, represented by the Northeast Jæren 
pluton and, outside the Jæren district by its 
northem counterpart, the plutonic anatexite 
complex of the Usken area. The syntectonic, 
deep-seated emplacement is best explained by 
an upwelling of quite viscous, partially crystal
line granitic melts under buoyancy forces. This 
is shown by the generally conformable struc
tures, evidence of plastic deformation and bulg
ing of the boundary surface, and indication of 
contact phenomena in the country rocks. The 
last-mentioned feature can be observed in a 
marginal zone, some 3-4 km wide, on the west 
side of the Northeast Jæren pluton, and is re
vealed, for example, in the formation of light
coloured, medium- to coarse-grained quartz
feldspar-rich segregations in the shape of veins, 
lenses, and other small bodies. The idea suggests 
itself that the rocks, principally the quartz-rich 
mica gneisses, owing to an additional increase in 
metamorphic temperature induced by the pro
ximity of hot granitic melts, have locally passed 
through the opening phase of an incipient 
anatexis. The 'minimum melt' (Winkler 1974) 
thus formed, after having been squeezed out of 
an essentially solid rock, would then segregate 
and eventually consolidate in veins and small 
pocket-like bodies. 
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The author explains the injection of an acid 
magma to form a swarm of sills of granodiorite 
and granite pegmatite within the same marginal 
zone as another subsidiary effect of the rising 
mobilized anatexites. The increase in tempera
ture, and a possible lowering of pressure, may 
have triggered off a mechanism whereby an acid 
magma, generated by partial metting at a greater 
depth, was forced upward and intruded into the 
country rocks along tectonically conditioned 
lines of weakness. 

In all the rocks of this nappe unit there is a 
pronounced northwest-trending and plunging 
mineral lineation, which shows a remarkable 
constancy over the whole region. The lineation 
is subparallelly oriented to the weakly developed 
lineation in the phyllites of the Lower Nappe 
Sheet as well as to the corresponding one found 
in the rocks of the Boknfjorden Nappe Complex. 
It is hardly to be expected, however, that the 
rocks of the Boknfjorden Nappe Complex and 
those of the Jæren Nappe Complex may be 
genetically related. The evidence of this is given 
by the following features: (l) The lithologies of 
the two rock systems are widely different; 
(2) while the regional metamorphism of the sup
racrustals of the Jæren Nappe Complex appears 
to have taken place under essentially isochemic
al conditions, the original sediments and associ
ated basic volcanics of the Boknfjorden Nappe 
Complex have been subjected to a large-scale 
intrusion of granitic magmas, generally accom
panied by metasomatic changes; (3) rocks from 
the Boknfjorden Nappe Complex are often found 
as slices in the phyllites along the contact with 
the Lower Nappe Sheet; (4) along the same 
contact, in a zone of varying width and thick
ness, the phyllites often abound in small por
phyroblasts of a garnet rich in the spessartite 
molecule. 

The features enumerated above indicate that 
the Jæren Nappe Complex is overlying both the 
Lower Nappe Sheet and the Boknfjorden Nappe 
Complex, which is in agreement with the results 
of the author's recent field studies in the Strand 
area. On condition that the conclusion arrived at 
on page 232 is correct, the author would propose 
a Middle Precambrian (1500-1600 m.y.) age for 
the rocks of the Jæren Nappe Complex. 

The Karmsund Nappe 

Andresen et al. (1974) consider the whole of the 
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Karmøy region to be allochthonous and to form 
part of a larger nappe unit. 

Sturt & Thon (l978a) regard the composite 
mass of low-grade metamorphic basic igneous 
rocks and associated metasediments along the 
Karmsund strait as a cross section through a 
major early Caledonian ophiolite complex, 
which they call the 'Karmøy Ophiolite. ' Accord
ing to the same authors, the said complex, with 
a tripartite stratigraphy, represents layers I, 2, 
and 3 of a typical cross section through oceanic 
c rust. 

The tectonostratigraphic history of the Karm
sund Nappe has been disputed (Birkeland 1975, 
Naterstad 1976, Sturt & Thon 1978b). What is 
certain, however, is that it Iies above the other 
nappes of the Jæren district. lts structural posi
tion in the stacking order indicates that it trav
elled farthest from the northwest or west-north
west. 

Summary 

The rocks of the area dealt with fall into five 
tectonostratigraphic units. They are, recorded 
from below: (l) the Precambrian basement, 
(2) the Lower Nappe Sheet, (3) the Boknfjor
den Nappe Complex, (4) the Jæren Nappe Com
plex, and (5) the Karmsund Nappe.· 

The Precambrian basement. - The old crystal
line substructure of the region is dominated by 
massive, often granite-looking gneis ses and large 
bodies of coarse-grained porphyritic granite. The 
gneisses are probably the metamorphic deriva
tives of a supracrustal rock system, including 
epi- and volcaniclastic members. The ancient 
supracrustals have been subjected to high-grade 
regional metamorphism corresponding to the 
stability fields of the granulite facies and the 
upper portion of the amphibolite facies. The 
metasupracrustals were finally intruded by 
variously shaped masses of porphyritic granite 
and (in the south) by bodies of anorthosite and 
congeneric rocks. Radiometric age determina
tions indicate three main orogenic events: 
around 1500, 1200, and between 1000 and 850 
m.y. 

The Lower Nappe Sheet. - The so-called Phyllite 
Formation may be described as a monotonous 
geosynclinal succession. of low-grade metape
lites, locally interbedded with metamorphosed 
sandy sediments. The phyllites of this rock sys-
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tem have long been considered as the low-grade 
equivalents of Cambro-Ordovician marine shales 
found as a thin cover above the Precambrian 
basement in various places in south Norway. 
Radiometric age determinations of meta-ande
sites from the Suldal area, northeast Rogaland, 
show that this view cannot be upheld any longer. 
The obtained data suggest a Late Precambrian 
age for the rocks of the Lower Nappe Sheet . 
This also means that the present position of the 
Phyllite Formation must be a secondary feature, 
and may be explained in terms of a low-angle 
thrusting from the northwest or west-northwest. 

The Boknjjorden Nappe Complex. - Within the 
borders of the area discussed, the rocks include 
feldspathic schists, micaceous gneisses, gneisses 
representing both true migmatites (veined 
gneiss, augen gneiss) and strongly foliated grani
tic intrusives, and granite pegmatite. In the 
islands in the central part of the Boknfjorden 
basin thick masses of mica schist and amphibo
lite also occur, locally with beds of crystalline 
limestone and dolomite. These rocks have been 
intruded by larger bodies of granite and grano
diorite. Isotopic datings of rocks from the gneiss
amphibolite assemblages in the northernmost 
part of the map area give values that fall in the 
range 1100-1200 m.y.  However, these figures 
may be minimum values, as it is possible that 
the rocks of the thrust unit in question 'are 
really older rocks which were recycled during a 
Sveconorwegian event some 1160 m.y. ago' 
(Heier et al. 1972). 

The Jæren Nappe Complex. - A large part of 
this nappe unit is made up of medium amphibo
lite meta-supracrustals, with quartz-rich mica 
gneiss and quartzo-feldspathic gneiss as the pre
dominant rock members. Other, less widespread 
lithologic types are calcite marble, lime silicate 
gneiss, and amphibolite. The metasupracrustal 
rock system has been subjected to a forceful 
emplacement of mobilized plutonic anatexites. 
In the Tananger area, an acid magma has been 
injected into the country rocks to form a swarm 
of sills of granodiorite and granite pegmatite. 
The recent finding of two small erosion remnants 
of an uppermost thrust sheet in the Strand 
district indicates that the Jæren Nappe Complex 
originally covered a much larger area than the 
present o ne . On the basis of isochron ages 
obtained on samples from an igneous rock-body 
in the Ormakam-Moldhesten mountain, in the 
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same district, the author suggests a 1500-1600 
m.y.  age for the rocks of the Jæren Nappe 
Complex. 

The Karmsund Nappe. - This is the uppermost 
tectonic unit of the entire allochthon. It is chiefly 
made up of low-grade greenschist facies metaba
sites. Recent studies (Sturt & Thon 1978a) have 
made it probable that the nappe sheet, particu
larly as developed in the Karmøy district, repre
sents layers l ,  2, and 3 of a typical cross section 
through oceanic crust . 
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