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ANTHOPHYLLITE-CORDIERITE
GNEISSES
IN THE BASAL ROCK
COMPLEX OF
THE HAUGESUND PENINSULA,
'VESTERN NORWAY

RUTH CLEMENTINE SøRBYE
A b s t r a c t. Anthophyllite-cordierite gneisses are found together with supra
crustal rocks in an elevated "block" of supposed Precambrian age in the eastern
part of the Haugesund Peninsula. Their formation seems to be due to regional
metamorphism of sediments and/or volcanics. Metamorphic differentiation
and partly internal metasomatism have probably taken place, mostly during the
conditions of almandine-amphibolite facies. Later retrogressive metamorphism
has affectcd most of the rocks. The gneisses and their accompanying rocks are
partly analogous both to rocks of the Orijarvi Region, Finnland, and to rocks
from Kongsberg-Bamble. Southern :Norway. It is suggested that the rocks
may represent a western outcrop of the Kongsberg-Bamble rocks. But defi
nitc evidence cannot yet be given.

lntroduction
The Haugesund Peninsula mainly consists of original Precambrian
rocks surrounded by

Cambro-Silurian schists.

( see Plate Il). The

whole area has been subjected to different phases of the Caledonian
orogeny which have left their imprint upon the rocks. The intensity
of the Caledonian deformations and metamorphism is believed to
decrease from west to east, and the eastern rocks are thought to
be almost unaltered Precambrian. (N.-H.

KoLDERUP,

1941,

SøRBYE,

1948, 1953).
The anthophyllite-cordierite-gneisses are situated in the eastern
part of the basal area, between Vatsfjord and Skjoldafjord, about 7
km east of the vertical western border of the Ølen-Nedstrand de-
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pression (Plate Il, section

B1- B2). 10

km to the north lies the old

uraninite mine, Thors gruve. An age determination on mica from this
mine gave a figure of

1960).

904

million years. (NEUMANN and S vERDRUP,

The whole area was broken up along mainly N-S and NE

S\V vertical lines during one or more phases of the Caledonian orogeny.
The different blocks have moved in relation to each other, mostly
vertically, but also laterally. This is more or less clearly expressed in
the topography of the peninsula, (G OLDSCHC\1IDT,

1912,

and

AHLMAN�,

1919).
The block of supposed Precambrian rocks with the anthophyllite
cordierite-gneisses is bordered to the west by one of the most promi
nent dislocation lines which follow the Skjoldafjord. The block is
elevated in relation to the area west of Skjoldafjord by at least 500 m.
the height above sea-level of the mountains here. In the relatively
subsided area to the west of the fjord Cambro-Silurian phyllite goes
below sea-level. The "block" is limited in the east by the Precambrian/
Cambro-Silurian border which is here almost vertical, and represent
the western border of the Ølen-Nedstrand depression or trough.
Indications of movement, but no recognizable major dislocation, occur
along the southern boundary of the "block", now marked by Yrke
fjord. The "block" seems to have an inclination towards the north.
The boundary is not located with accuracy, but is most likely situated
along the valley between Skjold and N. Vats. Remnants of breccias
are especially common along the Ålfjord-Skjoldafjord line, and are
also found along the direction of Yrkefjord and that of Vatsfjord.
The cementing material is calcite and some quartz. A more irregular
brecciation of the granite along the north-western border of the
"block" has a fluorite matrix.

Description
The anthophyllite-cordierite-gneisses are found in the western part
of the "block". A diagrammatic section parallel to and about

2 km

east of N. Skjoldafjord is given in Plate Il, section A1-A2. The
following rock types are represented:

l.

Mica-schists and -gneisses.

2.

Fine-grained quartz-oligoclase-gneisses (leptites).

3.

Amphibolites.
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4.

Granodiorites.

5.
6.

Granites.
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Anthophyllite-cordierite-gneisses.

In addition to these rock types irregular spread lenses of pegmatite
are found in most of the rocks. Table l indicates the approx;mate
var:ation in compos;tion of the major accompanying rock types.

l.

The micaschists

can be divided into two types. The pelitic

schists which are the dominant type throughout most of the section,
and the calcareous schists which are mostly founcl in the southern
part.
In some of the pelltic schists plagio:::lase occurs in two generat:ons:
An20 in the groundmass, and An30 in porphyroblasts. These ro:::ks are
mostly intimately mixecl with quartz-oligoclase ve·ns and lenses which
are believecl to be a procluct of the regional metamorphism.
C hl o r it o i el woulcl seem to grow at the expence of b;otite.

In

the specimen which also contains sillimanite, chlor�toicl seems to be
unstable, being on the verge of clis'ntegration. Pleochroism is slight:
a

pale greeni�;h, (3 pale bluish green, y colourless.
S i 11 i m a n i t c occur as very slender prisms in bundles along the

line2J� on. D; amond-shaped basal sections show the crystal faces to
be (110). The ncedlts are found cnclosed in biotite flakes, and where
the�;e have bcen attacked by mu�;covitization, the crystals are seen
to continue into the muscovite-metacrysts.

2. The fine-grained quartz-oligoclase-gneisses

are light to medium

grcyish, mostly massive rocks, sometimes with a slight foliation
marked by mica. The grain size ranges from O,l to

0,5

mm, the !argest

grains being the plagioclase grains while some scattered garnet por
phyroblasts are found up to 1-2 mm. In one specimen a tendency
to segregat:on of quartz and plagioclase in

2-5

mm thick layers may

indicate original bedd;ng. Small lenticular aggregates of quartz in
another may suggest an original amygdaloidal rock. Patches and len
se:; of darker mater!al are sparsely clistributed in the southern locality.
Gradual transition into fine-grained amphibolites or metabasalts and
into meclium-gra:ned quartzdiorite are observed.
In one of the dark, lenselike inclusions there is a concentration
of garnet in porphyroblasts of

5

mm diameter and of grains of ilmenite

magnetite, each mineral making up 10% of the thin slice. In some
rocks cubes of pyrite are seen in hand specimcn. The high content of
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quartz suggest a sedimentary origin for some of the rocks, the gradual
transition into metabasalts indicate a volcanic origin for some of
them. The analogy with the leptites of the Finnish Pre-cambrian as
described by EsKOLA (1914) from Orijarvi is striking.
3. The amphibolites are fairly fine-grained rocks, both nearly
massive and partly schistose types occur. Lineation is common. The
colour index varies. Banding occur, with recurrent bands of some cm
thickness consisting of biotite-quartz-dioritic and amphibole-dioritic
layers. A lense of supposed agglomerate with flattened fragments of
fine-grained amphibolite in a medium-grained quartz-dioritic ground
mass is found in amphibolite 2 km east of the section. Some amphibo
lites exhibit plagioclase zoned from An40 in the core to An30 in the rim.
Macroscopically some pyrite and chalcopyrite is scen. In some
rocks, lenses and veins of epidosite are beEeved to be products of
retrograde metamorphism. Secondary prehnite was found in one
specmen.
:\lost of the amphibolites are thought to be metamorphic volcanics.
either originally basalts or tuffs. So far therc has not been found any
direct field connection between these amphibolites and the anthophyl
lite-gneisses.
4. Granodiorite occurs as a large layer and is shown in the middle
of the diagrammatic ic section A1- A2 in connection with mica
schists. It is a medium-grained rock with grain size Yz to 2-3 mm.
5. The granite below and above the gnciss series is younger and
belongs to a bigger granite area situated in the SW corner of the Vikedal
map sheet and the SE corner of the Haugesund map shcet. The rock
is medium-grained with pink phenocrysts of potash feldspar in som-2
places, the northern type having a more homogeneous structure than
the southern one. They have both been deformed during later oro
genic movements, and breccias are found. In the northern rock the
cementing material is violet and light greenish fluorite, in the southern
it is mainly calcite. The age relation between the two different types
of fissures is not yet established.
The origin of the granite will be discussed in connection with the
other acid rock types of the Haugesund peninsula in a later paper.
A genetical connection between the formation of the granites and the
metamorphism of the gneisses is assumed.
6. The anthophyllite-cordierite-gneisses are found along the junc-
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Fig. l.

Situation of the anthophyllite-cordierite gneiss. Lower half of picture

(S of Salttjern): Leptites ( quartz-oligoclase gneisses) with lenses of pegmatite.
Upper half of picture: l. Mica schists and gneisses. 2. Anthophyllite-cordierite
gneisses. 3. Quartz-oligoclase gneisses. 4. Amphibolites. All rocks with pegmatitic lenses.

tion between the leptite at Salttjern and the micaschists of Valane.
They are partly interlayered with quartzdiorite, micagneiss, amphi
bolite and pegmatite. In outward appearance the gneisses are hetero
geneous owing to great variation in texture, grain size and colour
index. On weathered surfaces they may have a knotted appearance,
and the biotite-rich types are very similar to the metamorphic mica
gneisses in the field. Thcy seem to show a gradual transition into
each other and also into quartz-diorites and leptites. Steep mountain
sides to the east and west have restricted accurate investigations of
their extension. The more rusty and thereby easier recognizable zones
seems to dwindle out on both sides. In these zones cubes of pyrite are
observed. In parts of the rocks anthophyllite may be gathered in dus
ters of long prismatic crystals up to a length of a few centimeters.
The very coarse-grained texture which is de..:;cribed in similar rocks
from Finland and Kongsberg-Bamble is not seen.
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The selection of 7 samples may not be representative enough to
give an accurate description of these gneisses. An attempt will, how
ever, be made. 5 of the samples are collected within 50-80 m thick
ness of a steep mountain side KE of Salttjern, two are taken below
the metamorphic micagneiss at Valane. The following mineral para
geneses are found:
quartz-plagioclase-cordierite-anthophyllite-biotite-garnet,
cordier.i.te-anthophyllite-biotite-garnet,
quartzquartz-plagioclaseanthophyllite-biotite,
plagioclasecummingtonite (anthophyllite)
hornblende (cummingtonite) .
(quartz) plagioclaseCommon accessory constituents are: chlorite, pyrite, ilmenite,
rutile, apatite, and tourmaline which is only found in two specimen.
In addition are found the breakdown products of cordierite. The
amount of q u a r t z varies from almost O to 40%, with an average
of about 2Yjl0• It occurs toth in ·he groundmass and as primary
rounded grains in cordierite, indicating a sedimentary origin for some
of these rocks.
P l a gio c l a s e is lacking in one of the two specimens containing
cordierite pseudomorphs, in the other only 10% is found. In the other
rocks it comprises between 30% and 50%. Most measurements give
andesine, An40 :J,5. In the rock containing common hornblende, An50
is found. In this rock and in the andesine-cummingtonite rock, sheaves
of a fibrous mineral, possibly sillimanite, are found in the plagioclase.
Odd remnants of fine-grained chlorite are seen in some plagioclase of
these two rocks.
C o r d i e r i t e s or rather pseudomorphs after this mineral are found
in two specimens. In one, remnants of fresh cordierite are found within
most of the pseudomorphs, in the other pinitization has been almost
complete, leaving only a few small patches of the mineral (Plate I, a). In
this last named rock plagioclase is lacking. In both rocks the pseudo
morphs comprise about 25% of the minerals as seen in the thin slice
and they are not porphyroblastic, the grain size being from 2 to 5 mm.
Cordierite is determined on its hexagonal twinning, on the orange
pleochroic halos parallel a around grains of zircone, and on its decom
position products. The birefringence is higher than that of quartz
and plagioclase, and a is higher than nK, indicating a high content of
iron. +2V is about 70-75°. The main alteration products are: a
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white micaceous mineral, probably sericite, and a pale greenish chlo
rite. None of them can be determined by ordinary optical methods.
The blades of sericite are approximately perpendicular to the cleavages
and the borders. Where the distance between fissures are small, the
leaves of mica have completely replaced the cordierite. Minute euhe
dral crystals of staurolite, mostly recognized by its twins, are also
found as breakdown products of cordierite of both rocks. Sheafs of
a fibrous mineral is found in the rock where the cordierite is less al
tered. It is too small for accurate measurement, but its mode of
occurrence, positive elongation, high refringence and fairly high
birefringence indicate fibrolite. Its brownish colour is stronger than
usual, the pleochroism shows: y reddish brown, f3 pale reddish brown,
a very pale brown. A. HIETANEX (1956) described similar fibrolite
from Idaho. Fibrous sillimanite in cordierite has been described from
many parts of the world, e. g. Finland (EsKOLA, l 914, ] 952, PARRAS,
1942, HIETAXEN, 1943, 1947) , Southern Norway, (J. BUGG E, 1943) ,
U. S.A. (HIETAXEN, 1956) and Germany, (WIMMEXAUER, 1950) . How
ever, the sheaves might be anthophyllite. EsKOLA (1914) points out
that apparent fibrolite clescribecl from the Orijarvi mine by Sust
schinsky is in reality fibrous anthophyllite. Also C. E. TILLEY (1935),
describes sheafs of anthophyllite in cordierite from Amulet Mines,
Quebec.
A n t h o p h y l l i t e occurs in 6 of the 7 specimens. In one it is
only accessory, in the other it comprises from 10°/;) to 20%. It is found
both in macroscopic visible bundles, and in the groundmass. +2V
is about 85°. Pleochroism is: y pale green, f3 pale greyish brown, and
a colourless, thus indicating fairly high contents of iron. In some
rocks where it occurs in smaller amount, it is almost colourless.
Anthophyllite occurs together with c u m m i n g t o n i t e in one specimen
which mainly consists of the two minerals: cummingtonite and ande
sine in the proportion 60:40. Anthophyllite makes up a few percent
and may show homoaxial intergrowth with cummingtonite. The
rhombic mineral is seen in the center of the monoclinic one, which has
grown along the (100) of the former. (Pl. I; b, c). Anthophyllite is
also seen along the side of a cummingtonite crystal. Both minerals
are colourless in this rock. Cummingtonite has higher birefringence
than anthophyllite. c: y
ca. 18-20°, +2V about 80°. It has also
been identifiecl by X-ray (powder method, T. Bergstøl). Cumming='
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tonite which occurs in prisms of about l cm length is crushed and
cracked as is also the case with the few slenderer anthophyllite prisms.
The mode of occurrence of the homoaxial intergrowth between
anthophyllite and cummingtonite has been used by EsKOLA (1914) ,
and VOKES (1957) , as an indication of relative ages of the two minerals.
The possibility for simultaneous crystallization of the two minerals
must not be overlooked, hovvever.
Cummingtonite is associated with a common horn b l e n d e ,
i n a rock consisting of about 50% of this mineral, 40% plagioclase
(An50) and less than 10 quartz. Cummingtonite occurs in colourless
patches in the pale green hornblende, the former having both slightly
different extinction and higher birefringence than the latter. Porphy
roblasts of hornblende are poikilitically penetrated by plagioclase.
The individual crystals are partly broken and have an undulose
extinction. Inclusions of ore occur both as larger grains and as rows
of dust which are partly seen to follow the prismatic cleavage, and
partly seem to follow some older direction of uncertain origin. The
patches of cummingtonite and the smaller cummingtonite crystals
are free of ore.
Pleocroism of the amphibole is: y pale green with a bluish tint,
(J pale green, a colourless. c: y about 24°. -7-2V large.
Analogous intergrowth between common hornblende and cum
mingtonite was described by EsKOLA (1914) . It was interpreted to indi
cate an alteration of hornblende into cummingtonite. VOKES (1957),
also pointed out that such a rcaction must have taken place in Birta
varre. In the rocks dcscribed above cummingtonite seems to have
altered into common hornblcnde. If same of the plagioclase in this
rock was formed at the expense of cordierite as indicated by the fibro
lite-like inclusions, it will be natural to suppose that this rock is a
product of retrograde metamorphism of cordierite-anthophyllite
gne1ss.
B i o t i t e is reddish brovvn and has very strong interference colours
which may be due to Ti, as rutile also occurs in the rocks. A strong
green colour is observed in small flakes of biotite included in uniden
tified ore. This colour is also seen as border zones between reddish
brown biotite and the ore. In the cordierite-bearing rocks, b:otite
seems to be in equilibrium with anthophyllite. In one specimen the
relationship between anthophyllite and biotite indicates that the
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former may be derived at the expense of the latter. In some of the
rocks where cordierite is lacking and vvhere the rocks have been sub
ject to penetrative movements resulting in partial crushing of the
anthophyllite, biotite seems to haye recrystallized along cracks and
fissures in this mineral. Some recrystalE zation of biotite at the expense
of the decomposition products of cordierite is also observed.
C h l o r i t e is clearly a product of retrograde metamorphism. It
seems to haYe crystallized both at the expense of cordierite, biotite
and anthophyllite. In the latter case it seems to be antigorite.
Partly idiomorphic pink g a r n e t crystals are uneYenly distrib
uted in the two specimens which contain cordierite remnants. They
comprise 10% and 20% of the thin slices. The poikiloblastic crystals
are 2- 4 mm, including quartz, plag;oclase, biotite and ore. Cordierite
inclusions is also older, being partly enveloped by garnet. The quartz
inclusions mirror in some cases the crystal form of garnet. Cndeter
mined black ore is seen microscopically in most samples. Some particles
may be pyrite which is also macroscopically visible. Ilmenite is seen in
the cummingtonite-rich rock. It is partly formed on the expense of
r u t i l e along the borders and cleavages of this mineral. In this rock
rutile totals about l% and is reddish brown with a slight greenish
tint. The crystal form is well developed and "knee twins" are seen.
The bigger grains with incipient ilmenitization are not clear. Rutile
is probably in this case on the verge of alteration into leucoxene.
A p a t i t e and z i r c o n are found in very small amounts, and
t o u r m a l i n e and e p i d o t e are rare. The anthophyllite-gneisses
are interlayered with quartzdiorites and micagneisses, and also with
concordant lenses of pegmatite and aplite. The pegmatite consists
of quartz, plagioclase and microcline. The aplite consists of 40%)
quartz, 50% oligoclase (An20), 5% greenish biotite with some ironrich
epidote and 5% muscovite-metacrysts which are partly in symplec
titic intergrowth with quartz.
The pegmatite lenses which occur with variable frequency in the
different gneisses, consist of quartz, feldspar and mica. Some larger
ones, situated in the northern gneisses, were quarried during the last
war for mica. In one of these, white mica is macroscopically seen
replacing biotite, and quartz and microcline occur in graphic inter
growth.
A quartz-dioritic layer situated between an anthophyllite-biotite-
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gneiss and the cummingtonite-rich rock has a quartz content which
is clearly secondary in relation to plagioclase (An40), as it is seen devou
ring this mineral. The pale reddish brown biotite is older than the
latest deformation as its lamellae are bent. Rutile, partly altered into
ilmenite, and leucoxene occur in this rock as in the neighbouring
cummingtonite-rich one. It is possible that these two rocks are pro
ducts of a metamorphic and tectonic differentiation.
Metamorphism and genesis

The anthophyllite-cordierite-gneisses may be placed in the lower
and medium parts of the almandine-amphibolite-facies of TuRNER
& VERHOOGEN (1960). In the original facies system of ESKOLA (1939),
the rocks vvould belong to the amphibolite facies, cord:erite-antho
phyllite subfacies. The specimen containing: quartz-plagioclase-cor
dierite-anthophyllite-biotite and garnet represents the highest stage
in the metamorphic development of these rocks.
It is a typical example of the "begrenzte diadochie" principlc
described by Eskola. The amount of Fen which can enter into cordierite
(and possibly also into anthophyllite) must have reached its limit,
thereby permitting almandine to crystallize beside cordierite, or "the
FeOjMgO ratio in the bulk composition of the rock must have exceeded
a certain value, and FeO and MgO must be considered as separate
components" (TURNER & VERHOOGEN, 1951). The birefringence of the
cordierite, and the colour of the anthophyllite in the rocks containing
garnet indicate high contents of iron. The breakdown of the cordierite
into micaceous minerals must be the effect of a retrograde metamor
phism combined with potash-metasomatism.
Es KOLA (1914) and TILLEY (1935) ascribed the formation of cor
dierite to a metasomatic conversion of plagioclase. \:VIMMENAUER
(1950) showed that cordierite may be a product of anatexis formed at
the expense of mica especially, but also of plagioclase. According to
ScHREYER and YODER (1960- 1961), the most important reaction
leading to the formation of cordierite at pressure up to 5000 bars is:
Amesite+pyrophyllite�cordierite+vapour, and at water pressures
above 5000 bars:
Chlorite+Al2Si05+quartz � cordierite+vapour.
For natural rocks ScHREYER and YODER proposed the reaction:
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Muscovite+chlorite+quartz --+ cordierite+biotite+H20 for rocks
containing alkalies, and HIETANEN in her work on kinzigites (1 947)
set up the equation:
2 biotite + 20 sillimanite + 37 quartz +t Il cordierite + 4 microline
+ 8 H20.
The classical example of anthophyllite-cordierite rocks is found
in the Orijarvi Region, Finnland, and was dcscriced by EsKOLA 1914.
Here Mg, Fe and Si were introduced into leptites, and lime and alka
lies removed. Granitic rocks were thought to have yielded the meta
somatizing solutions. This formation of anthophyllite-cordierite rocks
have also been discussed by TuOMINEN and MIKKOLA (1950) who
advocated metamorphic differentiation during falding as more prob
able. However, both explanations may be valid: "the anthophyl
lite-cordierite association provide a remarkable example of mineral
convergence in metamorphism". TILLEY, (1937).
From Kongsberg-Bamble, BRØGGER (1934) indicated the close
connection between anthophyllite-cordierite-gneisses and amphi
bolitic rocks, and concluded that by removal of lime and alkalies, Mg,
Fe and Al would be relatively enriched in the amphibolites, whereby
the anthophyllite-cordierite-gneisses would be formed. J. BuGGE
(1943) from the same area described anthophyllite-cordierite-gneisses
which are formed at the expense of both leucocratic and melanocratic
rocks during regional migmatization. The source of Mg seems to be
amphibolitcs as anthophyllite-gneisses are especially concentrated
along the border zone of these rocks. The theories of J. Bugge are
not entirely opposed to Eskola's as are those of Brøgger. Bugge also
emphasizes the importancc of mineral convergence in metamorphism
as an explanation for the formation of thcse rocks.
From Cornwall TILLEY (1935) described how basic volcanics have
been transformed into anthophyllite-cordierite-gneisses, mainly by
removal of lime, a process which is brought about by hot solutions
from granitic magma.
F. M. VoKES (1957) described anthophyllite-gneisses from the Bir
tavarre copper deposits where metasomatism was confined to zones
of high stress and where removal of lime and alkalics seems to be
more important than introduction of magnesia. The anthophyllite
gneisses originated from hornblende-bearing schists, and the amphi
bolites do not seem to have been involved.
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On comparing the described gneisses with those from Orijarvi, it
seems that the quartz-plagioclase-cordierite-anthophyllite-biotite
garnet gneiss from Skjold is petrographically, but not structurally
analogous with one from Koski. The analogy with a gneiss from
Skåtøy, Kongsberg-Bamble, is slighter, particularly because plagio
clase is more acid in these gneisses, (An 6_28 in Skåtøy, An40 at Skjold).
The field connections of the gneisses from Skjold with melanocratic
and leucocratic meta-volcanics and with micaceous meta-sediments
make, however, a comparison with the Kongsberg-Bamble rocks
natural.
It is a striking feature that the formation of cordierite-anthophyl
lite gneisses in the different parts of the world is connected with zones
of strong penetrative movements, and partly also with granitization.
In recent years much experimental work in synthezising cordierite
has been done (SCHREYER and YODER, 1958-59, 1960-61), (\VINK
LER, 1957), (WIKKLER and von PLATEN, 1958). The P- T conditions
during which cordierite will be formed, corresponds to those of regional
metamorphism, amphibolite facies. This formation of cordierite is
also in accorclance with conditions found in natural rocks from dif
ferent parts of the world, f.inst. from Schwartzwalcl, Germany des
cribed by Wr:MMENAUER (1950), from the Buchan region in Scotland,
clescribed by READ (1952), from Central Pyrenees, described by
ZWART (1958, 1962, 1963) and from Japan, describecl by MIYASHIRO
(1961). In all these places corclierite is a common metamorphic mineral
in pelitic rocks.
Both Zwart and Miyashiro state that these P- T-conditions are
not necessarily accompanied by the intrusion of hot magma, and point
out that although both corclierite and anclalusite have been classified
as contact metamorphic minerals they may also be typomorphic
minerals of regional metamorphism. In its higher degree this type
of metamorphism is accompanied by granitic material which all the
authors mentioned above consicler the result of anatexis and replace
ment.
My investigations on the metamorphism of pelitic schists further
west on the Haugesund Peninsula and further east near Saudafjord
(not yet publishecl) indicate that at a certain stage of the progressive
regional metamorphism the mica schists suffer a differential anatexis
and split into two parts:
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l. a micaceous paleozome with sillimanite (or andalusitejkyanite),
(secondary staurolite and chloritoid), and
2. a quartz-dioritic or granitic metasome represented by veins
and lenses in the rocks.
Orogenic movements may cause this material in its mobile phase
to be squeezed out of the rock and be collected into larger lenses or
laccoliths. Examples of this kind of occurrence can be shown in
several of the mica schist zoncs of the Haugesund Peninsula. Th ;s is
also in agreement with the experimental work of above mentioned
authors. It seems natural to suppose that the metamorphism which
brought about the formation of sillimanite and the differentiation of
the mica schists into a micaceous phase with aluminiumsilicates and
quartzdiorite or granite, would also be able to alter less aluminous
sediments and/or effusives into anthophyllite-cordierite-gneisses. It is
also probable that smallscale internal metasomatism and metamorphic
differentiation have taken place. The high iron content of cordierite
occurring with garnet suggests that the rocks were formed during
fairly high temperature. (G. A. (HINNER, 1958-59).
I do not claim to have solved the problem of the formation of the
anthophyllite-cordierite-gneisses in general. I will only venture to
propose the following possible history for these gneisses of the Hauge
sund Peninsula: The anthophyllite-cordierite-gneisses may be formed
as products of regional metamorphism of supracrustal rocks probably
both of sedimentary and volcanic origins, and of a relative unusual
bulk composition. The metamorphism took place first during high
temperature and moderate pressure when cordierite was formed at
the expense of plagioclase and biotite. During slightly higher pressure
anthophyllite was formed, possibly partly also at the expense of bio
titc. The peak of the metamorphism is characterized by initial ana
texis combined with partial metamorphic and tectonic differentiation.
The products are anthophyllite-cordierite-gneisses with lenses and
veins of quartz-dioritic material.
The formation of sillimanite and staurolite in cordierite may have
taken place during the rise of pressure, probably simultaneous with
the formation of sillimanite in the neighbouring mica schists. Dif
ferential movements resulting in shear zones may be responsible for
an alteration of anthophyllite into cummingtonite which in its turn
may be transformed to common hornblende. A possible alteration of
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cordierite into plagioclase may be due to the same movements. These
processes are probably of retrogressive nature resulting from decrease
of temperature and pressure. Differentiation aided by the movements
must also have taken place at this stage.
Potash metasomatism and chloritization are still later products of
the retrogressive metamorphism. The formation of sulfides seems to
be younger than or perhaps simultaneous with the chlorite. Occur
rences of pyrite and chalcopyrite are very sparsely and unevenly
distributed. The material for their formation may have been present
in the original sediments and volcanics, and concentrated partly along
zones of penetrative movement.
The situation of the supracrustal rocks along the border of, or
partly within, a granite massif, links the problem of the formation
of the anthophyllite-cordierite-gneisses together with the still unsolved
problem of the granites of the Haugesund Peninsula. Eskolas classical
explanation of Mg-metasomatism from a granitic magma as a main
factor in the formation of anthophyllite-cordierite-gneisses, must,
therefore, also be contemplated as a possible explanation for the for
mation of the analogous rocks of the Haugesund Peninsula.

Structure

Along the section the direction of strike is mainly east-west with
northern di p, whereas 4-5 km to t he east, the strike is NNW
SSE with a steep eastern dip. The east-western strike direction is
a

supposed to be the oldest in the area. Lineation and axes of folding
pitch NNW and NNE. It is uncertain which of these two is the
youngest. The same two directions are found elsewhere on the Hauge
sund Peninsula. Further detailed structural investigations are
necessary for the whole area before this important problem can be
solved.
Microscopically, and partly also macroscopically, two crossing
lineations are seen in some of the rocks. Both are marked by biotite,
or by amphibole and biotite, in the latter case showing biotite to be
the youngest of the two minerals.
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Age of the rocks

The age relations of the basal rocks of the Haugesund Peninsula
has earlier been discussed, and it has been my personal enigma for
about 20 years. In my paper of 1948 I concluded that the rocks situ
ated in the eastern part of this basement were of Precambrian origin,
whereas the pegmatites were of younger, Caledonian age. Later age
determinations, NEUMANN and SvERDRUP (1960) , show these pegma
tites to be of Precambrian age. My suggestion of 1953 that the whole
Precambrian basement of the Haugesund Peninsula had been sub
jected to more or less deepseated Caledonian deformations, therefore
seems uncertain. The problem is partly a structural one, and cannot
be solved without more detailed investigations. A Precambrian age
for the basement rocks east of the line Ålfjord - Skjoldafjord is, how
ever, probable, even though same of the structural features, especially
along the border may come from Caledonian phases. Same of the older
of these may be responsible for more penetrating structural alterations,
but at the time of the formation of the Ølen - Nedstrand depression,
the rocks were brittle enough to break up in blocks.
The question whether the anthophyllite-cordieritc-gneisses can be
registered as parts of a western outcrop of the Kongsberg-Bamble
rocks must thus far be left unanswered. Even the occurrence of the
nodular quartzdiorite in Månedalen, about 20 km to the north,
( SøRBYE, 1948), a rock which is analogous to some of the nodular
granites from Kongsberg -Bamble, cannot be taken as decisive.
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PLATE I.

Pl. I, a. Photomicrograph of anthophy
llite-cordierite-gneiss. Pinitized cordierite
in center. Ca. 70x, parallel nicols.
Photogr. E. Irgens.

Pl. I, b, c. Photomicrograph of crushed
an thophyl li te-cum mingtoni te-and esine
gneiss. Homoaxial intergrowth

between

anthophyllite and cummingtonite in cen
ter. Ca. lSx. Photogr. B. Mauritz.

b. with nicols parallel, c. nicols crossed.
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