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Geologically, the western side of Karmøy differs greatly from the eastern one, 
but has until recently been considered to be contemporaneous with the latter, 
i.e. of Caledonian age and origin. The rocks of western Karmøy often have a 
distinctly granitoid appearance, but both field geological studies and labora
tory work indicate that most of them are in fact metamorphosed arenaceous 
rudites which have been subjected to strong regional metamorphism under PT 
conditions that correspond to the upper stability field of the amphibolite facies, 
whereas the Cambro-Ordovician rocks of the Haugesund-Bokn area to the 
east have been metamorphosed under the physical conditions of the green
schist facies. From the general impression of lithology, structure, and meta
morphic grade, the author advances the hypothesis that the rocks of western 
Karmøy should be related to a Precambrian event rather than to rock-forming 
processes that took place during the Caledonian orogeny. 

T. Birkeland, Liang 6, Auklend, 4000 Stavanger, Norway. 

Previous investigations 

The first detailed description of the rocks of western Karmøy was given by 

Reusch in his pioneer work from 1888. Discussing the mode of development 
of these rocks, he seems to have inclined to the opinion that the so-called 

'quartz augen gneiss' and the other closely related rocks represent regionally 
metamorphosed clastic sediments. Additional information of the rocks con
cerned is found in his paper from 1913. 

According to Goldschmidt (1921), the 'quartz augen gneiss' includes both 
masses of a weathered quartz-diorite (trondhjemite) and metamorphosed 
detrital sediments derived from this plutonic rock. In Goldschmidt's opinion, 
we are here probably dealing with the transitional zone between an outcrop
ping quartz-diorite, detrital accumulations formed in situ, and distinctly 
layered, partly coarse clastic sediments that gradually increase in thickness 
towards the west. Assuming them to be true Cambro-Silurian rocks, he pro
posed an Upper Silurian (Downtonian) age for these metasediments and the 
quartz-diorite. The same depositional age was also suggested for the slightly 
metamorphosed green polymict conglomerate and associated sandstones oc

curring in a small bifurcate area at the southeasternmost end of the island. 
In 1939, a fossil fauna was discovered in a calcareous sandstone belonging 

to the just mentioned conglomerate-sandstone formation (Isachsen et al. 
1940). The fossils indicate an Upper Ordovician age of these sediments (ap-
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parently corresponding to stage Sa of the Oslo district). The age and origin 
of the 'quartz augen gneiss' and allied rocks, however, remained undecided. 

Regional setting 

The island of Karmøy is situated in the northwestern part of Rogaland, south
western Norway. To the east lies the mainland, usually termed the 'Hauge
sund peninsula', a projecting segment of the Precambrian basement of the 
Caledonian mobile belt. To the southeast occurs the Boknfjorden area, a 
basinlike depression with larger and smaller islands, the remnants of a Cale
donian nappe system incorporating rock masses of different age and meta
morphic grade. As to the ages of the rock complexes of the nappes, there are 
convincing arguments in favor of a Precambian age of the majority of them 
(Heier et al. 1972, Andresen et al. 1974). To the same nappe system also 
belong, according to recent investigations by the author, the analogous rock 
masses of the Jæren district, a low-lying, narrow strip of land extending 
southward from Stavanger towards the Egersund area. Farther to the south
east and east outcrops the uncovered Precambrian basement practically un
affected by the Caledonian diastrophism. 

To the west of the Boknfjorden region appears a relatively narrow zone of 
greenstones and greenschists (Fig. 1). These rocks are usually regarded as the 
low-grade equivalents of basaltic lavas and tuffs which were formed during 
the Lower Ordovician volcanism. The zone has a distinct N-S trend with 
lineation and axes of folds trending about NNW-SSE. Recent field geological 
studies by the present author have revealed the interesting fact that the zone 
is actually lying on top of the aforesaid nappe system, thus both accentuating 
the complex nature of the thrusting, and indicating the extent to which the 
tectonic mass transport took place during a later and principal phase of the 
Caledonian orogeny. 

The zone of low-grade Lower Ordovician basic volcanic rocks extends 
northward to the KarmØy-Haugesund district, where it, along the Karmsund 
strait, develops into a syncline-like depression with very steep to almost verti
cal flanks. The zone has been intruded by gabbroic masses of varying size and 
shape. The original medium-grained gabbro, which is the predominant type, 
has been completely uralitized and saussuritized. A large body of saussurite 
gabbro occurs along the western flank of the syncline. Actually, the said plu
tonic mass terminates the syncline towards the west for the greater part of 
its length. While the rocks which make up the synclinal zone are in the green
schist facies, the rocks on both sides of the syncline are in the high-grade 
portion of the amphibolite facies. This seems to indicate that the latter rocks 
in fact belong to the Precambrian basement of the Caledonian mobile belt. 
Moreover, as intrusive bodies of saussurite gabbro have never been found in 
rocks of basement character, this probably means that the zone of low-grade 
Lower Ordovician basic igneous rocks is allochthonous in relation to its 
substratum. As the zone borders directly on the supposed Precambrian base-



W. KARMØY, INTEGRAL PART OF PRECAMBRIAN BASEMENT 215 

UTSIRA 
CD 

s 

10 
l 

30 
l 

Km 

� The Karmsund Nappe 

- The Hardangervidda-Ryfylke -Jæren Nappe System 

• Cambro-Ordovician phyllite formation 

� Preca mbrian ba.sement 

Fig. l. Sketch map showing the principal tectonic units in the Karmøy-Ryfylke-Jæren 
region, southwestem Norway. 

ment, this implies that the Phyllite Formation, which may or may not repre

sent the lowermost part of the Cambro--Silurian sequence of metasupracrus

tals, is lacking in this district. 
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There is reason to believe that the present geological situation within the 
Karmsund syncline is to a certain degree the result of a post-thrusting de
formation, which has been accompanied by same faulting along N-S trending 
lines. This applies particularly to the eastern border of the syncline, where 
the boundary surface may be vertical, or, for example, north of Haugesund, 
may even dip away from the axial plane. The effect of these fault movements 
is also observed farther east in the adjoining upward bulging mass of the Pre
cambrian basement. 

Outline of geology 

Geologically, Karmøy falls into two distinct parts which form the eastern 
and western side of the island respectively (Fig. 2). The boundary between 
the two parts runs approximately N-S. While the eastern side of the island 
is made up of low-grade metamorphic Ordovician basic igneous rocks (saus
surite gabbro and greenstone) with same epi- and pyroclastic metasediments 
of the same age and metamorphic grade (greenschist facies), the western side 
of the island is, as mentioned above, composed of high-grade metamorphic 
rocks of basement character. Until recently, however, the two parts have both 
been considered to be of Caledonian age and origin. (For the sake of com
pleteness, it must be added that rocks of apparent basement character are 
also found within the zone of low-grade Ordovician metabasites and meta
sediments (including the aforesaid Upper Ordovician conglomerate-sandstone 
formation), namely, in a very small area situated about 2.5 km to the north
east of Skudeneshavn. Actually, this area is an opening or 'windo"'' in the 
zone, exposing the subjacent rocks, which can be identified with correspon
ding basement rocks occurring farther northwest in the region). 

The first objection to this generally accepted view was, as far as the author 
knows, raised by Geis (1961), although rather as a passing remark to his main 
theme, and without giving any detailed arguments in support of his conten
tion. 

The author was at first sceptical of Geis's hypothesis. He visited the area 
in 1962, but retained his scepticism. However, detailed field investigations 
in the summers of 1968 and 1969 convinced him that Geis was right, and 
that western Karmøy is part of the Precambrian basement. 

The author accepts the hypothesis for the following three reasons: 
(1) The high-grade metamorphic character of the rocks of western Karmøy. 

As a matter of fact, they were subjected to PT conditions that correspond to 
the upper stability field of the amphibolite facies. 

(2) The composition and structures of the rocks concerned are totally dif
ferent from those of known Cambro-Silurian rocks occurring in southwestern 
Norway. On the other hand, the same rocks may have a certain resemblance 
to the Precambrian granitoid rocks of southern Rogaland. 

(3) The structures are well-preserved, which indicates that the rocks have 
escaped Caledonian deformation to a considerable extent. 
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In this connection may be mentioned the abundant narrow dikes of a light

colored granodiorite, which are transecting the aften weakly developed planar 
structures of the older rock complex. The texture of these dikes shows that 
they have not been subjected to shearing stress, the minerals being unstrained 
and ungranulated. Besides, the dikes, forming tabular bodies which are more 
or less inclined to the horizontal plane, are unaffected by falding. This fact 
may be interpreted in two ways. First, the dikes may have completely escaped 
Caledonian deformation. Secondly, the intrusion of the granodiorite magma 
may have taken place during a very young, that is, post-tectonic event. How
ever, as the dikes do not cut through the adjacent allochthonous Ordovician 
rock system, they cannot be post-tectonic. A Precambrian age of these dikes 

and the older rock complex, therefore, seems to be fairly well established. 
Lithologically, western Karmøy falls into two distinct, NNW--SSE oriented 

contiguous zones, which are both chiefly made up of strongly metamor
phosed, coarse, immature, gravelly sediments. Although the two zones offer 
many points of resemblance, it seems, nevertheless, both necessary and ap
propriate that they should be dealt with separately. As to their relative age, 

there is some faint indication that the rocks of the western zone are the older 
ones, or, in other words, that they were accumulated befare those of the 
eastern zone. While the rocks of the western zone usually have a rather 
massive, granitoid appearance, those of the eastern zone may have a some
what gneissic aspect. 

THE WESTERN ZONE 

Metamorphic rocks 
Lithology. - The rocks may generally be characterized as metamorphosed 
arenaceous rudites. They may also be termed 'fanglomerates' on account of 
their heterogeneous lithology, poor sorting, and abundant sandy matrix. This 
indicates a geomorphic environment, at the time of their deposition, dominated 
by high relief and rapid erosion of the adjacent uplifted source area. The sug
gested term implies that the incompletely weathered materials were transpor
ted by high gradient mountain streams, and deposited in alluvial fans. Meta
morphic derivatives of clayey sands, in the form of micaceous gneiss and 
quartz schist, have been met with in only one place, while those of a pelitic 
character are absent. 

The true nature of these rocks is recognized by the frequent occurrence of 
clastic fragments of the following rock types: granitic plutonic rocks (evident
ly to a great extent representatives of the quartZ--diorite and granodiorite 

families), amphibolite, different types of gneiss, quartzite, and (rarely) quartz 
schist. In addition, fragments of vein quartz are often met with. 

The dimensions of the rock fragments vary considerably, both within a 
particular outcrop, and from place to place. Thus blocks or boulders of a 
dark-colored amphibolite and a light grey quartzite measuring up to l meter 
or more in length have been encountered, but as a rule the fragments of these 
rock types are much smaller, being of the size of a cobble (Figs. 3, 4, and 5). 
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Fig. 3. Meta-arenaceous rudite, with blocks and smaller fragments of amphibolite (dark) 
and quartzite (grey). A barely visible bedding dips away from the observer. View looking 
north. For scale, see hammer, 30 cm long, near the upper left corner. Location: 300 m 
south of trigonometric point 77, Syre, 3 km west of Skudeneshavn. 

Fig. 4. Meta-aren�ceous rudite, with abundant phenoclasts of amphibolite and quartzite. 
A vein from a nearby dike of granodiorite (which Iies just to the right of the picture) 
is seen cutting through an angular fragment of amphibolite. View looking north. Near 
same Iocality as Fig. 3. 
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Fig. 5. Close-up view of meta-arenaceous rudite marked by an abundance of chips and 
flakes of amphibolite and quartzite set in a medium- to coarse-grained granitoid matrix. 
Note the two relatively large phenoclasts of quartzite below the box, 7.5 cm long. Near 
same locality as Fig. 3. 

Apparently, as a consequence of the mechanically less durable material of 

granitic plutonites, larger phenoclasts of these rocks are invariably absent, 
the largest ones having the size of a small pebble. In fact, a greater part of 
the original granitic debris is found in the generally medium-grained matrix 
of the metamorphite. Also, the ratios of matrix to rock fragments vary within 
wide limits, ranging from a breccia-structured assemblage of differently sized 
phenoclasts to a meta-arkose with only a few scattered rock fragments. 

There is a certain variation in the shape and roundness of the rock frag
ments, too. The amphibolite occurs both as blocks (Figs. 6 and 7) and as 
more or less rounded, partly spherically shaped phenoclasts, but also lentoid 
fragments appear. The quartzite characteristically forms parallel-tabular 

fragments or slabs, which sometimes may attain block-dimensions. The grani
tic debris always accumulates as a mixture of small, angular pieces (up to 
pebble-size). Moreover, it contributes much to the formation of the matrix of 

the metasediment. The different types of gneiss, including augen gneiss, 
schistose micaceous gneiss, and amphibolitic gneiss (para-amphibolite ), usual
ly form platy phenoclasts, ranging from 1 cm to 20 cm in length. The frag
ments of vein quartz are mostly angular in shape, and may attain a size of 

up to 10X10 cm. 
The generally medium-grained matrix of the metamorphite broadly coin

cides with the sandy fraction of the original sediment. The matrix is made 

up of a mosaic of quartz and feldspar, flakes of biotite and muscovite, and, 
at times, prismatic grains of homblende. Regarding the mica content, part of 
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Fig. 6. Meta-arenaceous rudite showing a large block of amphibolite. Note the mas
siveness of the rock. The hammer in the middle of the picture indicates the dimensions 
of the block. Near same locality as Fig. 3. 

Fig. 7. Meta-arenaceous rudite, with a large block-shaped fragment of amphibolite. On 
the left side of the block Iies a platy phenoclast of grey gneiss (gg), while, in the lower 
left corner, appears an angular fragment of quartzite (q). Location: Road-cut, 400 m 
south-southeast of trigonometric point 77, Syre, 3 km west of Skudeneshavn. 
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Fig. 8. Microscopic appearance of matrix of meta-arenaceous rudite. Crossed nicols, 
X 65. Location: 200 m east of the school, Håland, l km west of Skudeneshavn. 

it may have been formed through a recrystallization of the initial clay mine
rals of the sediment. 

The metamorphites of the western zone are normally greyish in color. 
However, the color may become quite dark by a local increase in the number 
of basic phenoclasts (amphibolite and para-amphibolite), individual grains of 
femic minerals (biotite, homblende, and cordierite), or both. 

As mentioned earlier, most of these metasediments are rather massive 
rocks. Bedding is either lacking, or may be weakly developed. 

Petrography. - The sandy fraction of the original sediment has suffered re
crystallization to such a degree that only traces of the detrital texture have 
survived regional metamorphism, in sharp contrast with the coarse breccia 
structures, which have in general retained their primordial character. The 
microfabric of the metamorphite, therefore, ranges from blastopsammitic to 
granoblastic in appearance (Fig. 8). Also the haphazardly distributed pheno
clasts of amphibolite, gneiss, and quartzite have certainly been subjected to 
an intense recrystallization process. Their primary shape and intemal planar 
structure, however, are essentially unchanged. 

The chief minerals of the matrix are quartz and plagioclase. In addition, 
biotite occurs, but in varying amounts. Potash feldspar seems to be of minor 
importance. It may also be entirely absent. Muscovite is a common consti
tuent of the matrix, while andalusite seems to have a rather restricted occur
rence. Homblende, and to some extent, biotite, are major constituents of the 
basic phenoclasts and of those parts of the metasediment that abound in fer-
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Fig. 9. Microscopic appearance of matrix of cordierite-bearing meta-arenaceous rudite. 
Nicols not crossed, X25. Location: 400 m south of trigonometric point 77, Syre, 3 km 
west of Skudeneshavn. 

romagnesian rock fragments. Cordierite may be a significant mineral in rock 
types that have a suitable bulk chemistry. Garnet, however, is typically absent 
from all rocks of the western zone. Incidentally, this applies to the entire 
region, that is, including the eastern zone. 

The quartz, which may exhibit strong undulatory extinction under the 
microscope, forms up to 2.0 mm large grains. 

The plagioclase of the matrix occurs in grains measuring up to 1.5 mm in 
size. While most of the grains have irregular outlines, some of the larger ones 

may partly be bounded by crystal planes, which may be a relic phenomenon, 
the said planes possibly representing cleavage planes of the original clastic 
grains. When not being too strongly saussuritized and sericitized, the plagio
clase shows twinning after the albite and pericline laws. The unaltered plagio
clase has a composition which ranges from about An30 in the quartz-feld
spar-rich portions of the rock to around Ail65 in the amphibolite phenoclasts. 
Oscillatory zoning is sometimes observed. 

The potash feldspar, when present, is microcline. It forms xenoblastic 
grains, measuring up to 3.0 mm in size. Occasionally, the microcline may be 
found as small patches in the plagioclase. 

The biotite forms small, relatively broad flakes, measuring from 0.5 mm 
to 2.0 mm in length. It has the pleochroism: X light yellow, Y= Z dark 
brown, with strongly colored haloes enveloping inclusions of zircon. 

The cordierite has a more restricted occurrence. It forms up to 2.0 mm 
large porphyroblasts, which may be more or less altered to an aggregate of 
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fine scaly sericite (Fig. 9). Sometimes, these sericite aggregates are the only 
remnants of the original cordierite individuals. The cordierite is colorless in 
thin section, but exhibits pleochroic haloes around inclusions of zircon, the 
color becoming yellowish when parallel to X. The optic angle is large with 

negative sign. Simple twinning may occur. 
The andalusite occurs as up to 2 X 3 mm large, unaltered porphyroblasts, 

which are approximately idiomorphic in outline. The crystals are crowded 
with small inclusions of quartz. The pleochroism is rather weak, with: X 
nearly colorless with a tinge of red, Y colorless, Z colorless. The optic angle 
is large. The andalusite is associated with cordierite (or its sericite pseudo
morphs), biotite, muscovite, plagioclase, microcline, and quartz. 

The muscovite occurs in the shape of comparatively broad laths, which 
may attain a length of up to 2.0 mm. It is undoubtedly a primary constituent 
of the metamorphic mineral assemblage. 

The homblende is a major constituent of the amphibolite phenoclasts, 
but it is also found as individual grains in those parts of the metasediment 

that abound in basic rock fragments. 

Megascopically, the homblende is black to greenish black in color. Under 
the microscope, it is strongly pleochroic, with: X yellowish green to pale 
brown, Y brownish green to brown, Z dark green to greenish brown. It is 
biaxial negative with a large optic angle. The maximum extinction angle 
(Z "' c) is 16° approximately. In a sample from Syre, about 3 km due west 

of Skudeneshavn, the homblende was found to have Nz = 1.670. 
In addition to the minerals described above, varying amounts of epidote 

and clinozoisite may occur. They should be regarded as secondary rather 
than primary constituents of the metamorphites, owing to the fact that they 
are absent from rock specimens containing unaltered plagioclase. The two 
minerals form small individual grains and aggregates of such grains. 

Chlorite is sometimes present as a secondary mineral after biotite. 

In accessory amounts occur zircon, apatite, pyrite, and magnetite. Zircon 
may be found outside the biotite in up to 0.2 mm large, angular grains. 

Rutile seems to be restricted to the basic rock fragments, where it appears 
as minute needles and small oval grains. 

Secondary structures. - Owing to the fact that a relic laminated bedding is 
rarely observed in the metasediments of the western zone, the same rocks 

have usually, as previously emphasized, a rather massive, structureless ap
pearance. Locally, however, the rocks may acquire a secondary planar struc
ture. This particularly applies to the rocks of the up to 1 km wide zone which 
extends north-northwestward from the small islands of Geitungane, south
west of Skudeneshavn. Here, also, in the neighborhood of Håland, l km west 

of Skudeneshavn, are the only known occurrences of quartz schist and mica
ceous gneiss. In the more massive, breccia-structured metasediments within 

the said zone, a slight contortion of the tabular phenoclasts, especially those 
of quartzite, may sometimes be seen, giving them an S-like shape. However, 
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Fig. 10. Close-up view of meta-arenaceous rudite showing a slightly deformed amphi
bolite phenoclast. Length of pencil: 15 cm. Location: 100 m south of Sandvehamn jetty, 
4 km northwest of Skudeneshavn. 

the deformation has been too weak to develop these rocks into true gneisses 
(Fig. 10). The secondary planar structure, which may be parallel with a pos
sible (laminated) bedding, has a moderate to steep dip towards the ENE. 

Granodiorite dikes 

Numerous dikes of a granodioritic rock cut through the metasediments of the 
western zone (Figs. 11 and 12). The main rock type has a medium- to coarse
grained texture. Pegmatite dikes are infrequently met with. Very occasionally, 
a zoning is observed, with quartz forming the middle part of the dike. In 
color, the granodiorite is greyish white with a shade of red. 

In addition to quartz and feldspar, the granodiorite contains both biotite 
and muscovite, but usually in small amounts. Muscovite, however, may form 
5-1 O cm large crystals in some of the pegmatitic dikes. The plagioclase is as 
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Fig. 11. 10 cm thick dike of medium-grained granodiorite in meta-arenaceous rudite. 
View looking north. Same locality as Fig. 4. 

a rule free of saussuritization and sericitization. It shows polysynthetic twin
ning. The potash feldspar is parti y microcline, parti y microcline microperthite. 

The granodiorite magma has been injected into a system of fractures. The 
dikes form thin tabular bodies, generally measuring from 0.1 m up to 0.5 m 
in thickness. In most cases, the dikes have a moderate to steep dip towards 
the northeast. In one place, however, it was observed that the granodiorite 
magma had penetrated into the country rock along two sets of fractures, the 
one set trending approximately N-S, the other ha ving an E-W direction. 

Lastly, the fact should be emphasized that the granodiorite dikes are ab
solutely unaffected by any orogenic deformation. 

THE EASTERN ZONE 

Metamorphic rocks 

Lithology. - The greater part of the metasediments of the eastern zone are 
above all characterized by a considerable amount of coarse crystalline quartz. 
This quartz content is very typically distributed in the rock in the form of 
comparatively large, roundish to oval grains, measuring from 0.5 cm to 1.5 

cm in diameter. Occasionally, they may attain a size of up to 2.0 cm. The 
color of the quartz varies from a greyish white (sometimes with a shade of 
blue) to dark grey. On weathered surface, the said quartz grains often stand 
out as whitish or grey individuals of pea- to hazelnut size. This rock type, 
which is the predominant one, is usually known under the name of 'quartz 
augen gneiss', where the term 'augen' refers to the above-mentioned roundish 
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Fig. 12. 30 cm thick dike of medium-grained granodiorite in meta-breccia. A planar 

structure, resulting from the preferred orientation of the platy phenoclasts of amphi

bolite, para-amphibolite, and quartzite, dips away from the observer. View looking east. 
Length of box: 7.5 cm. Location: 300 m northeast of the northeastern shore of Grøt
heimsvatn, 3 km northwest of Skudeneshavn. 

to oval quartz grains (Fig. 13). The term 'gneiss' has been applied to signify 
the frequent gneissic appearance of the rock. 

The origin of these quartz grains or 'augen' presents a difficult problem. 
Judging from the shape alone, they might be regarded as genuine clastic 
fragments which have been slightly rounded during transportation. In that 
case, the coarse crystalline character of the quartz would suggest coarse

grained granitic plutonites as possible source rocks of this mineral. Another 
typical feature is the frequent occurrence of angular and rounded fragments 
(from pebble to boulder size) of amphibolite and para-amphibolite (Figs. 14 
and 15). According to this provisional lithologic description, the said rock 
type might tentatively be classified as a metamorphosed quartz-rich arena
ceous rudite. 

In addition to the quartz 'augen', there also appear scattered, relatively 
large, angular and rounded fragments (at least up to 10 cm in length) of a 
quartz type which differs somewhat from the ordinary quartz found in the 
'augen' (Fig. 16). Still another feature is attached to the local increase of a 
black to greenish black hornblende, which forms up to 1.5 cm lang prismatic 
crystals. Sometimes, the increase in the content of this mineral may be so 
great as to impart to the metamorphite (provided the gneissic structure is not 
toa strongly developed) the character of an igneous-looking rock of quartZ
dioritic composition. Besides the individual hornblende grains, the meta
sediment may, as mentioned above, contain fragments of amphibolite and 
para-amphibolite, and, in rare instances, pieces of a felsic rock. 
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Fig. 13. Quartz-rich meta-arenaceous rudite ('quartz augen gneiss'). Note the abundant 
roundish grains or 'augen' of quartz, 0.5-1.0 cm in diameter, which stand out from the 
weathered rock surface. A small, subrounded pebble of quartz, measuring 2.2 cm in 
diameter, is also seen. Between this pebble and the pencil may be observed the vague 
outlines of a slightly rounded fragment of biotite gneiss. Length of pencil: 13 cm. Loca
tion: 300 m west of Nordvatn, l km east of Mannes. 

Fig. 14. 'Quartz augen gneiss' showing phenoclasts of amphibolite and grey gneiss of 
different size and shape. In this occurrence, the 'quartz augen gneiss' is rather massive 
and has a distinctly granitoid appearance. The large fragment of amphibolite, on which 
the pencil lies, is surrounded by a narrow rim (resembling a reaction zone) which abounds 
in prismatic crystals of a black hornblende. Length of pencil: 15 cm. Location: The small 
peninsula between Skudeneshavn and Vikevågen. 
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Fig. 15. Close-up view of the 'quartz augen gneiss' illustrated in Fig. 14, showing a 
duster of small basic phenoclasts set in a granitoid matrix with abundant prismatic 
grains of a black homblende. Just to the left of the pencil is seen a pebble-sized frag
ment of quartz, and below the same the indistinct outlines of a fragment of grey gneiss. 

Now, after this presentation of lithologic data, the possibility is in evidence 

that epiclastic and pyroclastic materials may have been mixed together during 

the deposition process. Thus, a considerable portion of the homblende

biotite content might derive from a fine- to medium-grained volcanic debris 

Fig. 16. 'Quartz augen gneiss' (block from a road widening) showing two small pheno
clasts of amphibolite and quartz respectively. Location: 1.5 km east of Stol, new road 
to Stiklevatn, 8 km north-northwest of Skudeneshavn. 
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Fig. 17. Micaceous, schistose gneiss. A spherically shaped pebble of quartz is seen in the 
middle of the picture, and a discoidal one of the same mineral near the upper right 
corner. View looking north. Length of box: 7.5 cm. Location: Road-cut near quay, 
Mann es. 

of andesitic or basaltic composition. The same applies to the felsic micro

fabric of the metasediment, part of which may derive from an ash of dacitic 

or andesitic composition. 

The geomorphic conditions at the time of deposition may be visualized in 

the following way. A sedimentary (marginal) basin in a piedmont environ

ment received large quantities of river-transported detrital material furnished 
by weathering and erosion of the exposed rocks of a nearby highland area. 
Part of the received material had a volcanic origin, embracing both pyro
clastic and volcaniclastic debris. All this material accumulated as thick depo
sits at a greater or smaller distance from the base of the highland. 

This description of the environmental conditions in an imaginary primeval 
stage of sedimentation has a strong resemblance to that given for the meta

arenaceous rudites of the western zone, with the exception that constituent 

pyroclastic materials were not anticipated for the latter rocks. In fact, the two 

zones are intimately associated, forming a connected whole, the principal 

difference being that there is probably a greater proportion of volcaniclastic 

debris in the rocks of the eastern zone. Moreover, there seems to be an in

crease in the amount of larger epiclastic fragments from the east towards the 

west, which may indicate that the highland area was situated to the west. This 

furthermore implies that one transcends from lower to higher levels in the 

sedimentary series when moving eastward in the region. 

A paragneiss differing considerably from the common grey, granitoid 

gneiss type of the eastern zone, is apparently restricted to a narrow belt in 

the neighborhood of Mannes, on the west side of the island. This paragneiss 

has abundant mica, both biotite and muscovite, being, therefore, fairly dark 
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Fig. 18. Microscopic appearance of matrix of 'quartz augen gneiss'. Crossed nicols, X 10. 

Location: Near road, 400 m west of Sandvatn, 7 km north of Skudeneshavn. 

in co l or. It is also devoid of the characteristic quartz 'augen'. On account of 
the high content of mica, it is a rather schistose rock. Locally may occur 
pebbles and small, angular pieces of a light grey quartz (Fig. 17). The gneiss 
probably represents a metamorphosed clayey sand. 

Petrography. - There can be no doubt that the original sediments have been 
recrystallized to such a degree that only traces of their primary clastic matrix 

have survived regional metamorphism. What is now observed is a microfabric 
ranging from blastopsammitic to granoblastic in character (Fig. 18). 

The chief constituents are quartz, plagioclase, biotite, and hornblende. 
Potash feldspar is not always present, but may be an essential component of 
the rock in some places. In minor amounts occur muscovite, epidote, and 
clinozoisite, muscovite being absent from the hornblende-bearing rock types. 
Accessory constituents are zircon, apatite, and iron ore. 

The quartz, forming grains of varying size, may exhibit strong undulatory 
extinction. 

The plagioclase of the matrix forms partly idioblastic grains, which are 
frequently somewhat saussuritized and sericitized. The unaltered plagioclase 

may generally have bad a composition of around An30• When not being too 
much saussuritized, the plagioclase shows twinning according to the albite 

and pericline laws. 
The potash feldspar, which is microcline, occurs in xenoblastic grains. The 

typical 'crosshatch' twinning of most microcline, however, is often lacking or 
is weakly developed. The grains may be more or less sericitized. 
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The biotite has the pleochroism: X yellow, Y = Z dark brown. It may 

show some alteration to chlorite, with rutile and epidote as by-products. 

The hornblende is no doubt that component of the rock to which the 

greatest interest is attached. It usually forms well-defined crystals with idio

blastic prism faces, which outside the matrix may attain a length of up to l .S 

cm. There is reason to believe that the hornblende was formed at the expense 

of the basic tuffaceous material of the original sediment. Megascopically, the 

hornblende is black to greenish black in color. Under the microscope, it is 

strongly pleochroic, commonly in brown and dark greenish brown colors, 

with: X light brown, Y brown, Z dark greenish brown (sometimes nearly 

opaque) to very dark green. The mineral has a large optic angle with negative 

sign, while the maximum extinction angle (ZA c) is about 16°. In addition, 

a few determinations of the refractive indices have been carried out, and with 

these results: Nz = 1.670, Nx = 1.652, Nz- Nx = 0.018. The hornblende 

may show some alteration to a pale bluish green amphibole, which is 

probably actinolite. 

The muscovite seems to be primary in most cases. 

Chlorite, epidote, and clinozoisite have all been formed as alteration pro

ducts of other minerals. 

As to the accessory constituents, zircon and apatite both occur in grains 

measuring up to 0.2 mm in size. Rounded prismatic grains, particularly of 

zircon, have been observed, which renders probable the detrital character of 

this mineral. Tourmaline is rare, occurring in up to 0.2 mm long prismatic 

grains, which exhibit a very strong pleochroism, with: X colorless, Z nearly 

black. Leucoxene has been found as a border around cores of iron ore, which 

may be ilmenite or titanomagnetite. 

Secondary structures. - The 'quartz angen gneiss' is not always gneissic in 

appearance. On the contrary, a massive, structureless granitoid rock type is 

at least as common as the gneissic one. Even when the planar structure is 

fairly well developed, the rock looks rather massive. It might seem difficult 

to explain this structure, as gneissic and massive, structureless rock types are 

unevenly distributed in the field. An obvious explanation would be that the 

planar or gneissic structure is a secondary feature (this certainly applies to 

the schistose gneiss at Mannes). At the same time, however, it should not be 

overlooked that the said structure may have been imprinted on a primary 

(laminated) bedding. At any rate, the deformation must in general have been 

comparatively mild, as it has left the primary breccia structures of the 'quartz 

augen gneiss' intact. To this must be added that no secondarily induced linear 

structures have been observed in the metasediments of the eastern zone. 

Incidentally, this also applies to the rocks of the western zone. 

In many places, the planar structure of the 'quartz augen gneiss' is dis

cordant relatively to the boundary towards the Caledonian Karmsund syn

dine. It should be emphasized, however, that this boundary relation is secon

dary, thus indicating the allochthonous nature of the synclinal masses. The 
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contact between the two rock systems is interpreted by the present author as 

a thrust plane, which has been more or less deformed by a subsequent folding 
along NNW-SSE axes. 

Granodiorite dikes 

Narrow dikes of the same light-colored, medium- to coarse-grained grano
diorite which has been described from the western zone, also transect the 
metasediments of the eastern zone. In places, the country rock has been so 
forcibly injected by the granodioritic magma, apparently owing to an intense 

fracturing process, that an intrusion breccia has been formed. The dikes are 
unaffected by any orogenic deformation. 

Regional metamorphism 

The rather massive, granitoid appearance and the absence of linear structures 
are properties which the rocks of western Karmøy to some extent share with 
the granite-like Precambrian gneisses of southern Rogaland, the principal 
difference being one of metamorphic grade. There is every reason to believe 
that the former rocks were subjected to metamorphic PT conditions which 
characterize the high-grade portion of the amphibolite facies. One reserva
tion must be taken, however, since the indications are that the operative pres
sure may have been somewhat lower than that characterizing the Barrovian

type of regional metamorphism. The author is here alluding to the mineral 
paragenesis cordierite-potash feldspar-biotite-muscovite, which may occur 

in rocks of suitable bulk composition. A similar paragenesis ( containing in 
addition anthophyllite and garnet, but lacking potash feldspar) has been 

described by Sørbye (1964) from the Precambrian of northwestern Rogaland. 
(Cordierite-bearing mineral assemblages are also known from the Precam
brian of southern Rogaland. These mineral assemblages, however, originated 
under crustal conditions which correspond to the requirements of the granu
lite facies). 

Now, the fact is that in the Barrovian almandite-amphibolite facies, cor
dierite is never encountered. Cordierite, on the other hand, is the character
istic mineral of the amphibolite facies of the Abukuma-type of regional me

tamorphism, where, according to Winkler (1967), the metamorphic processes 
in the high-grade portion of this facies may have taken place at moderate 
rock-pressures (3 to 5 kilobars) within a temperature range of 600-700° C. 

In this connection, it seems worth while mentioning the fact that garnet 

(almandite) has never been observed, neither megascopically nor in thin 
section, in any of the rocks which are present in the region. Now, almandite 

and cordierite are evidently differently influenced by the ruling rock-pressure, 
and in such a way that 'cordierite may be formed only below a certain pres
sure limit and Mn-poor almandite only above a certain minimum pressure' 
(Winkler 1967). Besides, the pressure range, within which the two minerals 
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can coexist, is apparently restricted. In the actual case, cordierite is present, 
while almandite is not encountered. To this must be added the unexpected 

finding of andalusite porphyroblasts in the matrix of a certain rock type of 
the metaclastics of southwesternmost Karmøy. (The presence of the said 
mineral was unknown to the author until the summer of 1975). This fact, 
together with what has been mentioned above, might seem to strengthen the 
previously suggested idea that the regional metamorphism in western Karmøy 
took place at a relatively low confining pressure. (For the sake of complete
ness, it must also be added that almandite, according to Winkler (1967), may 
really appear in rocks belonging to the Abukuma-type facies series, but that 
its occurrence is restricted to some high-grade metamorphosed pelites). 

The high-grade character of the metamorphites of western Karmøy is also 
reflected in the prevailing brown to greenish brown colors of the hornblende, 
which is a common constituent of the rocks. Petrological evidence for this 
assertion is furnished by data from other metamorphic terranes, for example, 
the Scottish Highlands and the Abukuma plateau of Japan. In both regions 
there has been a continuous change in the amphibole composition with in
creasing metamorphic grade. In the Scottish Highlands, this change manifests 
itself in the progressive metamorphic sequence actinolite � blue-green horn
blende -+ olive-brown hornblende in rocks of basaltic composition. In the 
Abukuma-type of regional metamorphism, there has been a similar change 
in the optical properties of the amphibole, as the mineral takes up a greenish 
to brownish color in the high-grade portion of the amphibolite facies (Ernst 
1968). 

Concluding remarks 

The metamorphites of western Karmøy are above all characterized by their 
unusual lithology, which is entirely different from that of the basement rocks 
of the adjoining Haugesund peninsula. Nevertheless, certain petrological and 
tectonic features are common to both of them. Tectonically, they apparently 
belong to the same old mobile belt, since the general structural trends of the 
two regions are approximately parallel and follow a NNW-SSE direction. 
Regarding similarities in their petrological development, one particular aspect 
has to be mentioned, that is to say, the appearance of a brown to greenish 
brown hornblende in basement rocks on both sides of the strait of Karmsun
det (according to studies recently carried out by the author). The hornblende 
is the same in either case, having nearly identical optical properties. Another 

mineralogical feature which the two regions have in common is the occur

rence of cordierite in rocks of a suitable bulk chemistry. At the same time, 
anthophyllite-bearing mineral parageneses are known from the eastern part 
of the Haugesund peninsula, but have not yet been encountered in western 
Karmøy. However, in the summer of 1973, an anthophyllite-bearing rock was 
found by the author in Vestre Bokn, an island at the southern entrance to the 
strait of Karmsundet, thus enhancing the likelihood of a close connection 
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between the rocks of western Karmøy and those of the Haugesund peninsula. 

Utsira is a small island situated about 15 km to the west of Karmøy. Ac

cording to Kolderup & Ottesen (1912), the island is chiefly made up of gab
bro and quartZ-diorite, both rock types usually having medium- to coarse

grained, rather massive textures. Locally, the gabbro may be fine-grained and 
dark in color. The rocks are intimately associated in the field, the quartZ
diorite aften occurring as dike-like bodies in the gabbro, while the latter 
forms schlieric masses in the quartZ-diorite. This appearance of the rocks 
may indicate that they are genetically related and have been derived from the 
same parent magma. All these smaller masses and also the main bodies of 
the two plutonic rocks follow a N-S to NNW-SSE direction. A schistose 
plagioclase-bearing gneiss, partly described as 'quartz augen gneiss', is found 
only in two localities. It is interpreted as the oldest of the rocks occurring in 
Utsira. The gneiss seems to form a thin zone across the island, following the 

same direction as do the plutonic masses. 
The original (monoclinic) pyroxene of the gabbro has in most cases been 

altered to a uralitic homblende. The plagioclase is highly calcic, varying 

between anorthite and andesine in composition. 

The main constituents of the quartz-diorite are quartz, oligoclase, blue
green homblende (possibly a member of the hastingsite series), and brownish 
green biotite. Accessory minerals are magnetite and gamet, the latter forming 
minute, well-defined crystals in same places. Megascopically, the quartz is 
grey to light grey in color, aften with a shade of blue. 

The quartZ-diorite is cut by dikes of a fine-grained granitic rock, which in 
addition to oligoclase also contains a little potash feldspar. These dikes may 
be the visible result of a further differentiation of the parent magma towards 

rock types approaching a granodioritic composition. 

Although Kolderup seems to have been in favor of a Caledonian age of 
the gabbroic and quartz-dioritic masses in Utsira, he realized that they might 
also belong to the Precambrian basement. Assuming the latter alternative to 
be the case, the possibility of a geological-tectonic connection with western 
KarmØy should be examined more closely. In the author's opinion, there are 
two arguments in support of this assumption. First, the approximately paral
lel NNW-SSE trend of the rock structures of both areas, which suggests that 
they may be constituent parts of the same orogenic system. Secondly, both 
regions are made up of rocks which have retained much of their primary 
composition and physical state as high-temperature mineral assemblages. The 
last argument should be emphasized, since, for example, gabbroic masses that 
are definitely known to have intruded CambrO--Silurian metasupracrustals in 
southwestem Norway, have nearly always been subjected to strong retrogres
sive metamorphism. Not homblende and plagioclase, but amphibole (aften 

actinolitic in composition) and epidote are the chief minerals of these rock 
masses. The absence of such thorough metamorphic changes in the gabbro 

of Utsira, together with the fact that retrogressive metamorphism is aften 
attributed to strong deformation, may indicate that the rocks in the Utsira 
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area may have been almost unaffected by the Caledonian orogenic move
ments. 

It is evident that the petrographic province, to which the island of Utsira 
apparently belongs, never came in immediate contact with the Karmøy region 
in the course of its magmatic evolution. It is also true that the granitic dikes 
that transect the metamorphites of western Karmøy have a granodioritic and 
not a quartZ-dioritic composition. But these objections do not rule out the 
possibility that the said granodioritic dikes represent the outmost range to
wards the east of an intrusive plutonic activity that took place in the Utsira 
region during a primeval event. 

The author is well aware of the controversial character of some of the 
items which have been taken up in this paper, and that various objections 

may be raised against the solutions proposed for them. The assertions that 
may invite criticism are: (1) the alleged high-grade metamorphic nature of the 
rocks of western Karmøy, (2) the clastic origin of the same rocks, (3) the 
assumption that western Karmøy belongs to the Precambrian basement, and 
(4) the hypothesis that the low-grade rocks of the Karmsund syncline make 

up a separate thrust sheet. 
(1) The assertion that the rocks of western Karmøy were formed under PT 

conditions which correspond to the upper portion of the amphibolite facies 
is deduced from two facts, namely, (a) that rock types of a particular bulk 
chemistry occurring in the southwest of the island, contain cordierite, with or 
without andalusite, in apparently stable equilibrium with potash feldspar 
(microcline), and (b) that a brownish hornblende is a common constituent of 

certain subtypes of the 'quartz augen gneiss', a rock which makes up the 
major part of the eastern zone of western Karmøy. 

Both cordierite and andalusite are found as porphyroblasts in the matrix 
of the rock types mentioned under (a) . They are absent from the phenoclasts 
of amphibolite and quartzite. Accordingly, there is no obvious reason to in
terpret the two minerals as unstable relics, which have survived during a 
later, lower grade regional metamorphism. 

The brownish hornblende occurs both in the amphibolite phenoclasts and 
in the matrix of the rocks, which is evident from the general petrographic 
description of the 'quartz au gen gneiss'. There is every gradation from horn
blende-bearing 'quartz augen gneiss' to massive igneous-looking quartZ-diori

tic rocks. 

In the author's opinion, the regional metamorphism in western Karmøy 

took place at an especially low rock-pressure, that is to say, under physical 
conditions that may be compared with those of the A 2.3 subfacies of the 
Abukuma-type facies series (Winkler 1967). According to Winkler, this sub
facies of the cordierite-amphibolite facies, as developed in the Abukuma 
Plateau of Japan, 'represents the highest grade of regional metamorphism 
that is ever realized under low-pressure conditions'. A notable mineralogical 
difference between the two regions is that in western Karmøy andalusite ap
pears to coexist in equilibrium with potash feldspar at this highest meta-
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morphic stage. Moreover, the iran-magnesium amphiboles anthophyllite or 

cummingtonite are seemingly absent from the amphibolite phenoclasts of the 

rocks of western Karmøy, as is also clinopyroxene. 

The possibility that the high-grade character of the said rocks may be 

explained in terms of a contact metamorphism, is ruled out by the bare fact 

that no intrusive masses which might have been responsible for this type of 

metamorphic development can be located within the region under con

sideration. 

(2) The contention that the majority of the rocks of western Karmøy are 

metasediments is based on thorough studies in the field. The massiveness and 

granitoid appearance of same of these rocks do not preclude this possibility. 

A typical arkose, for example, that was subjected to a regional metamorphism 

characterized by high temperature and low rock-pressure, would undoubted

ly develop into a structureless granitoid rock, which could hardly be distin

guished from an intrusive granite. The same applies to other sands, as well 

as to gravels, but the outer appearance, structure, and mineral composition 

of the metasediment would vary in accordance with the nature of the original 

clastic sediment. Nowhere are there any signs of intrusive plutonic bodies 

with distinct boundaries towards their surroundings. On the contrary, the 

general petrographic picture which manifests itself is that of a system of 

rocks, varying from place to place in color, texture, structure, and mineral 

composition, but which bears the unmistakable stamp of representing a se

quence of high-grade metamorphic sediments. The principal rock types of 

the western zone were probably derived from gravelly sands, which may have 

included both epiclastic and volcaniclastic materials. In consequence, the said 

rocks may be termed metamorphosed arenaceous rudites. Locally occur thin 

layered bodies of quartzite, quartz schist, and micaceous gneiss. 

The 'quartz augen gneiss' of the eastern zone presents another and see

mingly difficult problem, insomuch as a similar rock, under the same name, 
is also known from the Bergen area, where it has been recognized as repre

senting a recrystallized and somewhat foliated quart:z-dioritic intrusive (Kol

derup, C. F. & Kolderup, N.-H. 1940). According to these authors, 'the 

igneous nature of the rock is clearly seen from the fact that there are within 

the same zone or body, all transitions between rocks with normal trond

heimite structure and those with quartz augen'. 

This petrographic description, however, cannot be applied to the 'quartz 

augen gneiss' of western Karmøy, which is devoid of the decisive textural 

and structural features that would make a magmatic origin probable. Actual

ly, the 'quartz augen gneiss' of western Karmøy is a heterogeneous rock 

system, made up of several subtypes, ranging from rocks with abundant horn

blende and biotite to biotite--muscovite-carrying rock types. The color, there

fore, varies from dark to light grey. In the field, massive rock types alternate 

with gneissic anes. Distinct bodies of 'quartz augen gneiss' with intrusive con

tacts towards their environments are never encountered. A diagnostically im

portant structural feature is the common occurrence of angular and rounded 



238 TOR BIRKELAND 

fragments of amphibolite and vein quartz. In the author's opinion, both the 
quartz augen and the said fragments have a clastic origin. In conformity 
herewith, the 'quartz augen gneiss' is tentatively classified as a metamor
phosed quartz-rich rudite. 

Reusch (1888) claims to have observed dikes of 'quartz augen gneiss' in 
the saussurite gabbro belonging to the adjoining Karmsund syncline of low

grade rocks. Dikes of a granitoid intrusive rock have also been located in the 
saussurite gabbro by the present author. These dikes, however, display the 
same textural and structural features as those of the Bergen area, and occur 
independently of the 'quartz augen gneiss' of western Karmøy. Besides, mar
ginal dikes or apophyses penetrating from the 'quartz augen gneiss' into the 
adjacent low-grade metabasites of the Karmsund syncline have never been 
observed by the author. The same applies to the granodiorite dikes of western 
Karmøy, which are unknown from the neighboring mass of saussurite gabbro. 

(3) The assertion that western Karmøy belongs to the Precambrian base
ment takes as its starting point the particular mineralogy, lithology, and pe
trography of the rocks of this region, characteristic features which are decid
edly different from those of the rocks of the Karmsund syncline. On the other 

hand, the rocks of western Karmøy have a certain resemblance to the Pre
cambrian rocks of the Haugesund peninsula. For instance, the distinctive 
mineral species cordierite and brown hornblende are common to both re
gions. Furthermore, while andalusite is the characteristic mineral of certain 
rock types in western Karmøy, sillimanite seems to be the stable Al2Si05 

polymorph in pelitic metamorphites occurring in the Haugesund peninsula. 
However, equally important is the almost parallel development of the planar 
structures of the gneissic rocks of the said regions. This, the author thinks, 
should imply the possibility of a tectonic connection between western 
Karmøy and the Haugesund peninsula, as they may be integral parts of the 
same orogenic belt. Important is also the fact that the planar structures of 
the gneissic rocks in western Karmøy are aften clearly discordant to the 
boundary line against the low-grade metabasites of the Karmsund syncline. 
The author insists that the boundary is tectonically conditioned, which 
amounts to saying that the Karmsund syncline is assumed to form a separate 
thrust sheet, resting directly on the Precambrian basement. The arguments 

in support of this statement are summarized below. 

(4) The Upper Ordovician conglomerate-sandstone series, occurring in a 

small, bifurcate area in the southeasternmost end of the island, is overlying 
a base which, on the west, is made up of the 'quartz augen gneiss' of western 
Karmøy, and, on the east, is formed by the saussurite gabbro-greenstone 

complex of the Karmsund syncline. The green polymict conglomerate of this 
series is to a great extent composed of fragments (from pebble to boulder 
size) of saussurite gabbro and greenstone. In addition occur fragments (up 
to boulder size) of a light grey, medium-grained, massive rock of granitic 
composition. 

It is true that same of the granitic fragments may have a faint resemblance 
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to a light grey subtype of the underlying 'quartz augen gneiss'. However, the 

granitic rock found as fragments in the conglomerate is not identical with the 

said subtype, which means that the latter cannot have been the source rock of 
these fragments. This is also supported by the absence of an intervening 
basal layer of breccia or the like, which might have been explained as the 
weathering product of the outcropping substratum. Consequently, there is no 
reason to suppose that the boundary represents an unconformity. As the 
author considers western Karmøy as an integral part of the Precambrian 
basement, we may conclude that the present environments of the members 
of the conglomerate-sandstone series are not identical with the depositional 
environments of these sediments. In other words, the present position of the 
said sedimentary series must be a secondary feature, and may be explained 

in terms of a low angle thrusting from the northwest. Furthermore, as there 
seems to exist a dose connection between this series of clastic sediments and 
the underlying saussurite gabbro-greenstone complex, in such a way that the 
latter may be the substratum upon which these sediments were accumulated, 

the conclusion seems inevitable that the Karmsund syncline is allochthonous, 
forming a separate nappe sheet which is in immediate contact with the Pre
cambrian basement. The last part of this statement is supported by the fact 
that the Phyllite Formation is absent on both sides of the Karmsund syncline. 
(In a recently published paper, referred to above, an attempt has been made 
to bring the Karmøy region into relation with the general nappe tectonics of 
south Norway (Andresen, Heier, Jorde & Naterstad 1974). According to the 

situation map of this paper, the whole of the island is considered to be 
allochthonous and to form part of a larger nappe unit, labelled 'Cambro
Silurian, western facies'. The boundary between the 'quartz augen gneiss' of 
western Karmøy and the low-grade metabasites of the Karmsund syncline is 

interpreted as a strongly sheared intrusive contact, with the 'quartz augen 

gneiss' as the younger intrusive body (Naterstad, pers. comm.).) 
Subsequently to the low angle thrusting that placed the nappe sheet in its 

present position immediately above the crystalline basement, a folding on 
NNW-SSE axes must have taken place in a zone which is broadly coextensive 
with the Karmsund syncline. The folding has been accompanied by an intense 
flexure folding and some faulting on both flanks of the syncline. The base
ment rocks have been insignificantly affected by the orogenic movements. 
The only visible effect is the development of a secondary foliation in the 
rocks in a thin zone beneath the boundary surface. The foliation has been 
caused by shearing movements along parallel planes, which dip towards the 
axis of the syncline. The shear planes may transect the boundary surface 
(thrust plane) at varying angles. For example, in a locality situated to the 
northwest of the lake Hilleslandsvatn, where the boundary surface dips 40 

degrees east, the rocks on either side of the boundary have been sheared 
along planes that dip 70 degrees in the same direction. In the overlying rock, 

a green conglomerate, the well-rounded fragments seem to have a preferential 
orientation with their apparent long axes fairly parallel with the shear planes. 
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The eastem branch of the conglomerate-sandstone series is thinning rapidly 

out towards the north, where it eventually disappears into the interspace 

between the 'quartz augen gneiss' and the saussurite gabbro-greenstone com

plex. Here, at the south end of the lake Stiklevatnet, just befare the sedi

mentary series pinches out, it is found as a 10 m thick zone with altemating 

layers of green conglomerate and (partly red-colored) sandstone. The bed

ding of the sediments dips 60 degrees east, while a secondary shear structure 

dips 45 degrees in the same direction. A little farther to the south, on the 

south side of the lake Dalsvatnet, the conglomerate is found again. In this 

place, however, the originally roundish fragments have been strongly flat

tened. The contact plane between the conglomerate and the adjacent elonga

ted body of saussurite gabbro dips about 80 degrees east. 

The flexure falding has been moderate to strong along the western boun

dary of the syncline. The deformation reached its maximum at the eastem 

flank of the syncline, where the flexure gradually passed into a fault. The 

eastem boundary, therefore, is essentially a fault plane, which usually dips 

steeply towards the west. Sometimes, it may be vertical, or, for instance, 

north of Haugesund, may even dip away from the axial plane. 

In conclusion, a few remarks in connection with the author's recent geolog

ical field investigations in the Haugesund peninsula. It is clear from these 
investigations that, during the main Caledonian falding phase, the thrust 

movements took place so dose to the Precambrian basement that the ori

ginally existing basal Cambrian deposits have usually been stripped off and 
carried away in the general tectonic transport towards the southeast. As a 

result of intense differential movements in a zone immediately above the 

surface of unconformity, wedges of the crystalline basement have sometimes 
been sliced off and pushed forward along northward dipping thrust planes, 
thus trapping parts of the Phyllite Formation in comparatively thin, pocket
like masses. Moreover, there are indications that thin sheets of the basement 
were locally drawn into the plastic flow of phyllite and related rocks, al

though we must also take into consideration the possibility of confusing them 

with foreign thrust masses derived from regions much farther to the north
west. On the basis of these and other geological field observations from Roga

land, the author is inclined to raise doubts about the age and origin of the 

Phyllite Formation. The Phyllite Formation may be the lowermost part of the 
Cambra-Silurian succession of metasupracrustals, but it may also be older. 
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