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The Pre-Cambrian basement of the Risör area consists of a migmatite
complex composed of metamorphic rocks intimately

mixed with

'granitic' gneisses (sensu lato). The metamorphites occur as bands,
folded layers, !enses, and 'ghost' relics within the 'granitic' rocks. A
number of tectonic and metamorphic phases have been recognized and
it seems probable that more than one period of Pre-Cambrian orogeny
has affected the area. The main granitisation was accompanied by
upper amphibolite facies metamorphism but subsequent metamorphism
of similar grade locally mobilised 'granitic' pegmatites formed exten
sively. Petrographical investigations have revealed a series of recrystal
lisations and replacements within the rocks and have shown evidence
of extensive potash-metasomatism and microclinisation, probably pre
ceded by a phase of soda-metasomatism. It is suggested that

the

solutions eausing granitisation were very similar to those which formed
the pegmatites and both appear to have been derived from depth.

INTRODUCTION
The migmatite camplex lying to the west of Risör forms part of the Kongs
berg Bamble Series of South Norway.
Bugge (1943) in a survey of this Series from Kongsberg to Arendal, des
cribed the Risör peninsula as an area of 'granite', 'metataxite' and 'banded
gneiss'.
Recent work by the author has shown that the main granitisation of
pre-existing metasediments and amphibolites occurred before the intrusion of
discordant basic plutons, but that the 'granitic' rocks underwent later meta
somatism and mobilisation. Although the plutons cut the banded structure of
the migmatites, the latter have been slightly bent around them, and 'granitic'
material has sometimes invaded amphibolitised margins.
lt is the purpose of the present paper to describe the migmatites and asso
ciated pegmatites and the non-granitic metamorphites will only be briefly
considered.

TERMINOLOGY
Certain ambiguity exists in the usage of common terms relating to these rocks
and a clarification of the terminology employed by the author is useful at
this juncture.
3
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The term 'granitic' rocks embraces all compositions from granitic (sensu
stricto) to granodioritic, quartz-monzonitic and quartz-syenitic. The variable
composition is largely due to the genesis of these rocks and they can be
conveniently grouped as 'granitic' gneisses for the purposes of description and
mapping.
'Migmatite' is used in its widest connotation to describe a composite
rock consisting of two, or more, lithological elements, one being ' granitic' rock
of unspecified origin, the other(s) being metarnarpbites variously altered by
metasomatism.
'Granitisation' invalves all processes by which a solid rock is converted
to a rock more nearly approaching granite composition (sensu stricto) with
out passing through a magmatic stage.
'Quartzite' is employed for rocks containing at least 70 % quartz.
The term 'metagabbro' is used for rocks consisting largely of hornblende
and plagioclase, which have a remnant, coarse igneous texture. On close exami
nation it is found that granoblastic andesine aggregates have pseudomorphed
original labradorite laths (up to 3 cm in length) and granoblastic hornblende
aggregates have replaced the fermmagnesian minerals of the original basic
igneous rocks.

THE NON-GRANITIC METAMORPHITES
Bands, lenses and relict ghost lenses of amphibolite, biotite-rich schist or
gneiss and quartzite occur within the 'granitic' rocks. These metarnarpbites
are identical to a series of Upper Amphibolite facies rocks to the north of
the migmatite zone (Starmer 1967). They are often sub-coneardant to the
foliation in the endasing gneisses but may occasionally be markedly discor
dant.
The margins may be sharp hut are frequently gradational due to the devel
opment of microcline porphyroblasts in the metamorphites (Plate l, fig. 3).
Away from the contact, the microclines become smaller and less abundant
until only a few small crystals are scattered through the rock.
Same bands of metamorphic rock within 'granitic' gneiss represent the paral
lel, or sub-paraHel limbs of large isoclinal folds with sub-vertical axes and
NE-SW trending axial planes. Other bands which show no ciasure in fold
hinges may have originally been such limbs, hut shearing, granitisation and
mobility in the complex have now isolated them. Some persist for several
kilometres, hut others grade into a series of lenses and relict inclusions. Ag
matites of disoriented, foliate metamorphite within the 'granitic' rocks dem
onstrate a phase of mobility in the migmatite complex.
Within the meta-argillite group of biotite-rich schists and gneisses several
distinct lithologies are recognisable, but they frequently grade into one another
both along and across the strike. The main types are quartz-biotite, plagio
clase-biotite and quartz-plagioclase-biotite schists and gneisses. All may occa
sionally contain thin quartzite or biotite-quartzite layers. Sillimanite is often
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a major component of these rocks and some Iayers may be graphitic. Minor
components, other than accessories, may include muscovite, almandine gar
net, cordierite and homblende.
Quartzite bands within the migmatites are usually thin and impersistent.
They frequently occur in association with the above group and often grade
into biotite-quartz gneisses. The quartzites themselves are rarely pure and
usually contain such additional components as biotite, sillimanite, muscovite
and plagioclase.
Amphibolites may occur as Iayers which are sub-concordant with the meta
sediments, or as margins on the 'hyperite' bodies. The essential minerals are
green or green-brown horobiende and andesine (An30_48). Within the mig
matites the amphibolites are frequently rich in biotite. Almandine gamet and
quartz are commonly present as minor components.
A number of 'hyperites' formed from a series of basic plutons (troctolites,
olivine norites and olivine gabbros) develop large masses or stock-like bod
ies. The margins are altered to amphibolite or metagabbro, but the Iarger
masses have cores of igneous-textured coronite.

THE 'GRANITIC' GNEISSES
The variations in composition of these rocks (previously noted) occur both
along and across the strike. The gneisses are medium to coarse grained, nor
mally reaching a grain size of about 5 mm., but becoming coarser and often
reaching pegmatitic grain sizes in segregations.
The foliation in these rocks is often accompanied by a parallel compositio
cline and plagioclase (in varying proportions) and usually include biotite.
Horobiende occasionally occurs but is normally resorbed. The common
accessodes include magnetite (often titaniferous), muscovite, sillimanite, al
mandine garnet, ilmenite, pyrite, zircon and apatite.
The foliation in these rocks is often accompanied by a paraHel compositio
nal banding, usually on the scale of a few centimetres. Their heterogeneity is
further accentuated by contamination from partially assimilated material,
'ghost'-Ienses and layers which Io�Ily enrich the 'granitic' gneiss in horn
blende and biotite. Sometimes biotite-rich bands (with up to 20 or 25 % bio
tite) may persist for some distance along the strike. Sporadic patches of igne
ous-textured rock grade into the surrounding gneiss (or rarely exhibit minor
intrusive features) and provide evidence of a partial melt phase which has
not been subjected to significant later metamorphism. Occasionally mobi
lised masses have intruded the non-granitised metamorphic rocks and amphi
bolitised gabbro margins.
Many clues as to the genesis of the 'granitic' gneisses are fumished by the
detailed petrographic features, recrystallisations and replacements observed
in thin-sections. The microcline may comprise 50% of the mode and is nor
mally xenoblastic filling Iobate, sutured margins and re-entrant angles in other
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minerals (particularly plagioclase). Within a given specimen, much of the mi
croline is perthitic and in some crystals well-developed tartan-twinning may
pass diffusely into a film-perthite. This perthite is normally developed spordi
cally throughout the rocks and often contains partially assimilated inclusions of
highly sericitised plagioclase (Plate 2: Fig. 5). Flame perthite (Plate 2: Fig. 3)
has formed adjacently to plagioclase crystals (which are often corroded by it)
and vein-perthite (Plate 2; Fig. 6) and mesoperthite rarely occur. Micro
line crystals also contain inclusions of quartz, biotite, museavite and apatite.
Although relatively fresh some microclines show glide-lamellae and deforma
tion.
Plagioclase (up to 43 % of the mode) usually occurs as xenoblastic crystals
with corroded and resorbed, lobate margins infilled by quartz and microcline.
In some rocks an early generation of highly sericitised andesine may have
bent twin-lamellae, and frequently develops clear rims of twinned, or un
twinned oligaclase. This is particularly marked against microcline crystals
(Plate 2: Fig. 4). These early plagioclases are often intergrown with altered,
resorbed biotite-laths and both probably represent material from the assimila
ted metamorphic rocks. (Andesine in the amphibolites was An30-48 and in
the biotite-rich schists and gneisses was An30-46).
A later generation of olgoclase (An12-28) has formed rims and crystal
growths from the earlier, highly sericitised andesine. Diseretc oligoclase crys
tals, which have occasionally developed patch-antiperthites, seem to belong to
the same generation. The antiperthites consist of microcline or disordered
potassium feldspar within plagioclase. In some of the microcline patches a
type of flame-perthite appears to have partially pseudomorphed the twin
lamellae of the enclosing plagioclase crystal (Plate 2: Fig. 1). The antiperthites
sometimes occur included in microcline, indicating that they either formed be
fore the latter or were produced by replacement effects after inclusion.
The later generation plagioclase is sometimes slightly sericitised against mic
rocline (Plate 2: Fig. 6) and particularly adjacent to pegmatitic layers. Against
microcline it may also develop a clear more-sodie rim of twinned albite-oligo
clase (normally An8_10 but rarely An12 on some of the patch antiperthites)
(Plate 2: Fig. 2).
Plagioclases of both generations may have inclusions of biotite and
quartz and may show replacement by microcline. Flame-perthite corrodes
plagioclase margins and forms lobate, and sometimes diffuse penetrations,
into the latter. Occasionally microcline may penetrate along small eraeks
in the later generation oligoclase producing marked adjacent sericitisa
tion. (Plate 2: Fig. 6). Many microclines, particularly the film-perthites,
have numerous inclusions of sericitised plagioclase and antiperthite in
various stages of assimilation. In the less-sericitised inclusions, it is occasional
ly observed that some of the marginal inclusions are in optical continuity with
extemal, resorbed plagioclase.
Myrmekite has frequently formed within both generations of plagioclase
in contact with, and included in, microcline.
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The quartz in these 'granitic' rocks is xenoblastic with irregular, sutured
margins and only rarely tends to be granoblastic. It is of variable grain
size (0.1-4 mm.) and may have undulose exstinction and craking. It all
appears to have recrystallised and often fills lobate, erorled margins, parti
cularly on plagioclase. Small, fine-grained veinlets of quartz occasionally cut
the rocks.
Biotite may form 25 % of the mode in some rocks and is present as
xenoblastic to subidioblastic laths (0.1-2 mm. in length) showing same
degree of resorption. Red-brown and green-brown biotite intergrown with
sericitised plagioclase is believed to represent material from the original
(i.e. pre-granitisation) metamorphic rocks. Chlorite-magnetite alteration is
common and prehnite is often developed along the cleavages, pusbing the
laths apart.
Museavite has sometimes formed as a secondary product from both biotite
and sillimanite but may form discrete masses. When included in microcline
it develops a quartz reaction-rim.
Green hornblende occurs as xenoblastic (or rarely subidioblastic) crystals
which normally show severe resorption. Secondary red-brown biotite is com
monly formed from it and alteration to chlorite and magnetite may develop.
Almandine-garnet is only sporadically developed and is normally associated
with some assimilated mafic material.

PEGMATITES AND APLITES
'Granitic' pegmatites, ranging in composition from granitic (sensu stricto)
to granodioritic, are genetically related to the migmatites and will therefore
be briefly considered.
Plagioclase-rich pegmatites, usually containing quartz and sometimes
biotite and hornblende, are associated with the mafic rocks. They appear
to have been generated by diffusion during the metamorphism of these
rocks, but are not genetically related to the granitisation. Plagioclase
rich segregations and pegmatites occur as !enses, veins and ptygmatic
folds in the amphibolites and biotite-rich lithologies, and in boudinaged
zones within these mafic rocks (e.g. at Avreid, Figs. 3 & 4). They may be
cut by the later 'granitic' pegmatites and occur in mafic bands and in
assimilated rock within the migmaiites. Similar features have been recorded
by previous authors (e.g. Andersen 1931 from the Kragerö region, and Reitan
1959 a & b from the Risör area).
The 'granitic' pegmatites and aplites occur in a number of distinctive
forms which reflect small differences in genesis. Only the larger borlies have
been represented on the maps (Figs. 1-4).
Small pockets and lenses of simple 'granitic' pegmatite are occasionally
developed in biotite schists adjacent to 'granitic' rocks. They are associated
with the general granitisatio11 and represent hydrous phases which have
invaded the mafic rocks.
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Fig. J. Simplified lithological map of the Risör Peninsula.
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Layers, patches and schlieren of 'granitic' pegmatite and aplite within
'granitic' gneiss may have sharp or gradational margins (Plate l: Fig. 5).
They are usually conformable with the foliation of the enclosing gneiss hut
occasionally develop discordant veins and patches. Some, particularly those
with gradational margins, have eaused extreme local metasornatism of the
surrounding 'granitic' gneisses. The latter lithologies become enriched in
microcline which often develops as !arge porphyroblasts. This phenomenon
was noted by Reitan (1959b) on the istand of St. Hansholmen, Risör. These
pegmatites and aplites, which may show some deformation, are normally
simple in mineralogy hut sporadically develop sulphides, tourmalmes and
rarely metamict orthites. They seem to be associated with the highly
solvent granitising fluids which diffused through the pre-existing rocks,
granitising them and dissolving some material from them. They were often
located along foliation planes and fissures in the 'granitic' gneisses.
Large bodies of simple or complex 'granitic' pegmatite (and of plagioclase
rich pegmatite) have sharp contacts with surrounding rocks and form barren
masses which may be several hundred metres iQ. extent. The field relations
indicate that they were intruded into their present positions and this is con
tirmed by the inclusion of disoriented xenoliths. Their massive, undeformed
nature results from consolidation after the major deformation phases.
A remarkable feature of these targer bodies is their association with areas
of gabbroic rock. This is observed at Fransåsen in particular, hut it is common
in the Amphibolite Facies rocks to the north (Starmer 1967).
Small, discordant veins have intruded all lithologies within the area and
are thought to represent the same phase of Iate-stage activity as the large,
discrete masses.
Some of these veins and larger masses are zoned to varying degrees and
may have cores of quartz-rich pegmatite, or, occasionally, of pure quartz.
The essential major minerals of the 'granitic' pegmatites (quartz, micro
cline and plagioclase) show complex intergrowths and replacement features.
The plagioclase (oligoclase or sodic andesine) is variously sericitised and
is frequently intergrown with both microcline and quartz.

PLATE

l.

Field photographs.

Fig.

J. A broken amphibolite-layer with an injection of plastic 'granitic' gneiss. The lower

Fig.

2. F3 concentric flexures deforming F2 minor isoclinal folds (which originally had

Fig.
Fig.

3. A biolite-rich schist layer grading into 'granitic' gneiss along the strike.

Fig.
Fig.

5. A 'granitic' pegmatite layer grading into the surrounding 'granitic' gneiss.

amphibolite-block has developed a mafic margin.

xl/lO

N.E.-S.W. trending axial-planes). Note the 'granitic' vein culting the F3 fold hinge.

xl/20
xl/5

4. Bands of amphibolite in 'granitic' gneiss which really represent !arge isoclinal folds.

6. A graphic intergrowth of quartz in microcline from a 'granitic' pegmatite.

xl/25
xl/8
xl

44

IAN C. STARMER

5

6

THE MIGMATITE COMPLEX OF THE RISÖR AREA

45

The microcline is usually perthitic and may form a graphic intergrowth
with the quartz (Plate l: Fig. 6).
Quartz itself may be clear and glassy or white and milky. Occasionally
it forms smoky quartz, rose-quartz or blue (rutilated) quartz.
Biotite occurs in varying proportions and may be phlogopitic.
Minor constituents of the rock include hornblende and muscovite. The
hornblende is usually resorbed and the museavite forms both diseretc masses
and secondary growths from biotite.
Common accessodes are magnetite and pyrite and numerous other minor
accessodes

include

ilmenite,

bornite,

chalcopyrite,

malachite,

chlorite

tourmaline, sphene, rutile, zircon. apatite, metamict orthite, garnet, haematite,
epidote, chlorite, scapolite and sericite.
The crystal sizes of the major minerals are normally 5-8 cm., but may
exceed l metre. Some segregations of smaller grain size (particularly the
aplites) are obviously genetically related to the pegmatites.
Within this region of South Norway, Andersen found that the aplites
were both younger and older than the pegmatites with which they were
associated (Andersen 1931 ) . In some of the targer pegmatite bodies the
aplites occurred as thin veins and as patches which merged into the enclosing
pegmatite.
Reitan (1965) has suggested that similar occurrences in South-East Norway
may represent the secondary recrystallisation of aplite to produce pegmatite.

AN OUTLINE METAMORPHIC HISTORY OF THE REGION
The author's work has confirmed and further substantiated the complex
metamorphic and tectonic history in this region (Starmer 1967, Starmer in

PLATE 2. Photomierographs.

Fig. l. Pateh-antiperthite dt:veloped in a 'second generation' oligoclase host. The mierocline
patehes tend to become flame-perthite and to pseudomorph partially the twin
lamellae of the enclosing oligoclase. A small rim has developed adjacent to the large
mieroeline penetration.

x35 erossed nicols

Fig. 2. A twinned, sodie rim on 'second generation' oligoclase adjacent to mierocline.
xlOO erossed nieols
Fig. 3. Flame-perthite replaeing plagioclase whieh has developed myrmekite.
x35 erossed nieols
Fig. 4. A penetration of mieroeline into 'first generation', highly-sericitised andesine. The
Jatter has developed a clear, more-sodie rim.

x35 erossed nieols

Fig. 5. Film-perthite with minute, partially assimilated inclusions of highly-sericitised
plagioclase and a Jarger inclusion of oligoclase. (This type of film-perthite frequently
passes diffusely into normal tartan-twinning within the same erystal.)

x35 erossed nieols
Fig. 6. Mierocline replacing plagioclase: a diffuse penetration (top of photograph) has
eaused selective sericitisation along certain planes in the 'second generation' oligoclase.

A type of vein-perthite is also present (bottom of photograph).

x35 erossed nieols
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preparation), but it is sufficient in the present context to consirler only an
outline of events, which can be summarised as follows:
A series of sediments (now represented

(i)

by

biotite-rich

schists

and

gneisses, quartzites and rare calc-silicate lithologies) had undergone
folding before they were intruded by largely-concordant, basic igneous
sheets.
(ii)

A metamorphism of Upper Amphibolite facies grade converted the
intrusives to amphibolite. This phase was accompanied by a major
fold

period

(Fl)

which

formed both

major

and

minor

isoclinal

structures and a marked foliation. The axial direction of these folds
appears to have been in a general NE-SW direction.
(iii)

A seeond metamorphism of Upper

Amphibolite

facies

grade

was

accompanied by granitisation of the existing metamorphic rocks. In the
later stages of this period a seeond phase of intense isoclinal folding

(F2)

occurred, producing structures with sub-vertical axes and axial

planes trending in a general NE-SW direction.
(iv)

A series of discordant plutons were then intruded, cutting the banding
in the migmatites. These intrusives show a regional differentiation trend
from troctolitic types to olivine-norites and olivine-gabbros.

(v)

Subsequent metamorphism of Upper Amphibolite facies grade eaused
marginal

amphibolitisation

of

the

plutons.

Potash

metasornatism

occurred and the 'granitic' gneisses were locally mobilised.
(vi)

Olivine-free gabbros where then emplaced, usually in the position of
the previous intrusive plutons.

(vii) Another period of folding (F3) took place and formed both major
and minor folds of open, concentric type, occasionally producing a
tighter more similar style. Axes were inclined subhorizontally and axial
plans sub-vertically. The general axial trend was E-W but this was
locally deflected by pre-existing structures and by competent rock mas
ses, particularly the basic plutons.
(viii) Late-stage, diseretc borlies of 'granitic' pegmatite then consolidated,
particularly around the plutons.

(ix)

A deformation phase (F4) produced minor, concentric folds with sub
vertical axial planes and sub-horizontal N-S axes. In many places they
definitely post-date F3 structures, but at some localities they appear
to

have

been

broadly

contemporaneous,

forming

'cross-folds'.

(To the north of the present area there is evidence that N-S folds
preeecled minor E-W structures.)
(x)

Later, sporadic, minor folds formed under Lower Amphibolite facies
conditions and Jate-stage faulting was accompanied by Greenschist facies
conditions.

The main granitisation therefore occurred during a tensional period after
the Fl deformation, and it was followed by a further intens fold phase (F2).
The F2 structures are the earliest structures preserved in the 'granitic'
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Fig. 5. Fl isoclinal fold-closures in amphibolite refolded by F2 isoclinal folds (plan view).
l =foliated amphibolite, 2=hornblende-rich amphibolite, 3=granitic gneiss.

gneisses (Plate l: Figs. 2 and 4) although in a few localites F2 folds are seen
to deform Fl isodinals in the non-'granitic' metamorphites (Fig. 5).
The F3 deformation occurred during the latter stages of a subsequent
Upper Amphibolite facies metamorphism which eaused very localised partial
melting in the 'granitic' gneisses and some mobilisation in a plastic state
(Plate l: Fig.

1). Potash metasornatism occurred hut was not developed

on a scale comparable to that of the earHer granitisation. It was, however,
particularly marked around early 'g1"anitic· pegmatite segregations and layers
which formed during the latter part of this phase.

/

r:::
L.:.:..8:::-1 2

l

l3

Fig. 6. An agmatite of amphibolite blocks in granitic gneiss (plan view). l =foliated amphi
bolite, 2=felsic margins of amphibolite blocks, 3=granitic gneiss, 4=igneous-textured
patches in granitic gneiss.
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Some of the sharp junctions between 'granitic' rock and metamorphite
were produced during this period of mobility. Further evidence of rnave
ment and occasionally of partial-fusion is fumished by agmatites, patches
of igneous-textured granitic rock and by local injection phenomena.
The agmatites consist of rotated blocks of foliate metamorphite within
'granitic' gneisses (Fig. 6). The latter may contain patches of igneous-textured
material, hut normally present a picture of mobility within a plastic host
during the F2 and F3 deformation phases. Occasionally the metamorphite
blocks have developed margins rich in microcline and plagioclase (Fig. 6).
These margins completely surround individual blocks and must have formed
during the break-up of the metamorphite.
The !arge plutons were amphibolitised and marginally metasomatised and
the foliation of the surrounding gneisses was often bent around them.
Masses of mabiiised 'granitic' material intruded the margins of some of
these bodies (e.g. at Fransåsen and in Risör itself, Fig. 1-4). This intruded
material developed a foliation which was coneardant with that produced in
the amphibolitised plutons by the F3 stresses.
Sparadie patches of igneous-textured granitic rock occur throughout the
camplex and may grade into the surrounding gneiss or rarely show minor
intrusive features.
The !arge, discrete borlies of 'granitic' pegmatite were emplaced after the
F3 phase and occasionally show slight deformation by F4.

THE PETROGENESIS OF THE 'GRANITIC' GNEISSES
AND PEGMATITES
The 'granitic' rocks appear to have formed during a main period of granit
isation and to have been locally mobilised, or even fused during subsequent
metamorphism.
The granitisation produced a complex of 'granitic' gneisses intimately
mixed with pre-existing metamorphic lithologies, and often assimilating them
to varying degrees. There is an obvious genetical relationship between the
'granitic' gneisses and pegmatites which frequently grade into one another
with all intermediate grain-sizes being represented.
Field-relationships within the migmatite camplex provide good evidence
of the petrogenesis of these rocks. Biotite-rich schists and gneisses, quart
zites and amphibolites have both sharp and gradational junctions with the
'granitic' gneisses. Some 'granitic' material has invaded certain foliation
planes, with localised adjacent metasomatism, and has particularly invaded
plagioclase-quartz segregated layers in biotite-rich gneisses. These features
are exactly paralleled by layers and xenoliths in the larger, discrete pegmatites.
There are many examples of granitisatlon in situ, relative to the meta
morphic lithologies, and it seems unlikely that the 'granitic' rocks could
have been emplaced either as a viscous magma or migma. The mobility
invalved in these processes would have completely disrupted pre-existing
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structures. (At a later stage it appears that some "granitic' material was
locally mobilised, but the movements involved were of a

much smal

ler magnitude than would be necessary for emplacement on a regional
scale.)
Recent work has indicated that ionic-diffusion can only occur over small
distances, even in the relatively Iong periods of geological time and the
transport of ions in a disperse fluid-vapour phase seems a more feasible
process for regional granitisation of this type. It is therefore suggested
that metasomatising fluids invaded the

area and that

water-rich zones

could produce rocks of pegmatitic grain size which grade into the 'grani
tic' gneisses. Residual late fluids would have been much richer in water and
could have formed pegmatitic segregations and veins in the gneisses, pro
ducing intense local potash-metasomatism. Some late fluids migrated into
surrounding rocks, veining and metasomatising them. When these fluids
concentrated, their mobility increased and they could move to low-pressure

areas and form !arge, discrete, bodies of 'granitic' pegmatite.
It

is

significant

that

pegmatitic

segregations

within

granitised

rocks

usually reflect the mineralogy of the host rock and are generally indicative
of upper amphibolite facies conditions (e. g. within granitised sillimanitic
rocks the segregations usually carry coarse sillimanite crystals). The late
discrete pegmatite bodies, on the contrary, appear to have formed under
lower facies conditions.
The phase of mobilisation was possible because, after the granitisation,
some of the rocks in the migmatite complex were approaching the 'ternary
minimum-melt composition' of Tuttie & Bowen (1958).

The computer-calculated, C. I .P. W. norms of fourteen analysed 'granitic'

gneisses (Table l) have been plotted on a ternary Qtz-Ab-Or diagram (Fig. 7).
Despite some scatter, many of the points lie around the minimum-melt com

position. As Smithson (1965) has remarked, this does not automatically imply

that the granitic rocks were molten at any time. The present author would
suggest that this grouping of compositions merely indicates that, after inten
sive granitisation, the rocks approached a granitic composition (sensu stricto)

and that some were then capable of movement in a plastic condition and of

limited p:1rtial-fusion under the subsequent metamorphic conditions.
Barth & Dons (1960) concluded that the South Norwegian Pre-Carobrian

'granites' had formed by 'some sort of granitisation'. Bugge (1943) also
favoured similar origins.

The migmatite complex of the Risör area is representative of a leve! at
which anatectic partial fusion could occur, but it seems that a semiplastic
condition was induced in the previously granitised rocks, partial-melting
only occurring very locally in zones of more strict granitic composition and
relatively high water vapour-pressure. The rocks probably moved under the
combined influences of tectonic pressure and diapirism producing injection
phenomena and eausing intrusion into overlying amphibolite facies lithologies,
now represented to the north.
4
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Fig. 7. Ternary QTZ-AB-OR diagram, showing the plotted norms of the 'granitic' gneisses.
The continuous Iines represent frequency contours (outer
rocks from Winkler
Bowen

(1958)

1965, p.

53%,

inner

14%)

of 1190 granitic

206. The broken Iine represents the ternary minimum of Tuttie &

for 3,000 kgfcm3 H20 pressure.

Thin-sections of the 'granitic' gneisses reveal a general process of potash
metasornatism and granitisation within these rocks, and this is particularly
marked adjacent to the pegmatitic layers.
The plagioclase is corroded and replaced by microcline and may occur as
partially assimilated inclusions in the latter. It seems proable that rims
of oligoclase on andesine, and discrete crystals of the former were the result
of soda-metasornatism preceding the potash metasomatism. Both generations
of plagioclase developed sodic rims, particularly against microcline, and this
could

represent

al bitic

material exsolved from the

lattices

of

replaced

plagioclases.
The occurrence of various types of perthite and antiperthite has already
been described. The origins proposed for these crystals by various authors
include both exsolution and replacement and it appears that both of these
processes may be possible in different crystallochemical environments.
Microcline has replaced plagioclase crystals

<md perthites would seem

to have been produced when all the plagioclase material was not cleared
from the lattices. As previously mentioned, some of the albitic material
which was exsolved pro bably nucleated onto pre-existing plagioclase, forming
rims on the latter. The sporadic occurrence of both perthite and antiperthite
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Table l. Chemical analyses and CIPW norms of some 'granitic' gneisses
G/1

G/2c

G/3

G/4

G/6

G/7

G/8

G/9

G/10

G/11

G/12

G/13

G/14

G/15

Si02

74.00 75.13 68.61 73.81 72.32 70.75 68.92 73.61 74.24 74.88 72.49 74.52 71.65 76.05

Al203

13.20 10.67 13.85 12.65 13.53 13.50 15.04 13.85 12.87 11.67 13.00 12.95 12.83 12.53

Fe203

2.03

4.31

0.97

0.83

0.28

0.50

0.55

0.80

0.43

0.65

0.52

0.50

1.17

0.56

FeO

1.32

1.51

2.08

2.51

0.93

1.57

2.69

1.47

1.23

1.03

1.85

1.92

1.81.

1.63

MgO

0.23

0.31

0.43

0.68

0.21

0.57

0.75

0.22

0.36

0.33

0.27

0.21

0.50

1.02

·CaO

0.91

0.49

1.51

0.93

1.98

1.42

1.83

1.33

1.92

1.10

1.86

1.89

2.28

2.43

Na20

2.96

3.17

3.68

2.89

4.12

3.97

3.89

4.05

4.11

3.77

3.75

2.85

3.83 . 2.93

K20

4.45

4.25

5.40

3.61

3.53

4.90

3.23

4.67

3.72

5.83

4.30

4.33

4.72

3.86

Ti02

0.40

0.14

0.47

0.18

0.45

0.20

0.69

0.25

0.46

0.24

0.38

0.43

0.40

0.14

MnO

O.D7

0.02

0.01

0.01

0.07

0.02

O.D7

0.03

0.01

0.05

0.06

0.08

0.01

0.03

P a Os

0.002 0.004 0.01

0.02

0.02

0.004 0.14

0.11

0.06

0.09

0.10

0.15

0.03

0.02

H20+

0.28

0.20

0.68

0.51

0.53

0.72

0.32

0.21

0.23

0.43

0.42

0.51

0.22

0.20

H2o-

0.18

0.03

0.93

0.45

0.61

0.92

0.23

0.18

0.19

0.21

0.31

0.53

0.19

0.19

Total

100.03 99.83 98.63 99.08 98.58

99.04 98.35 100.78 99.83 100.28 99.31 100.87 99.64 101.59

NORMS (G/11 had 'excess soda' for the programme)
G/1

G/2c

G/3

G/4

G/6

G/7

G/8

G/9

G/10

G/12

G/13

G/14

G/15

Qu

37.37 38.94 21.77 38.45 30.03 24.43 27.24 28.40 31.49

29.33 36.01 26.25 36.90

Or

26.30 25.11 31.91 21.33 20.86 28.96 19.09 27.60 21.98

25.41 25.59 27.89

Ab

25.05 26.82 31.14 24.45 34.86 33.59 32.92 34.27 34.78

31.73 24.12 32.41 24.79

22.81

An

4.50

2.33

5.32

4.48

8.00

4.54

8.16

5.82

5.68

5.94

8.40

3.88

9.64

Di

0.00

0.06

1.80

0.00

1.45

2.09

0.00

0.05

2.93

2.28

0.00

6.12

1.89

Hy

0.79

0.75

3.17

5.62

1.27

2.84

6.37

2.57

1.32

2.47

3.65

0.51

4.14

Exptanation
G/1

Quartz monzonitic gneiss, Avreid.

G/2c Granilie gneiss, Avreid.
G/3

Graniiised biotite-plagioclase (-quartz) schist, Avreid.

G/4

Graniiised biotite-plagioclase schist (biotite-rich granitic gneiss), Avreid.

G/6

Granodiorilie gneiss, Avreid.

G/7

Quart monzonitic gneiss, Laget.

G/8

Granitic gneiss with assimilated garnetiferous biotite-plagioclase gneiss, Frans:lsen.

G/9

Quartz monzonitic gneiss, Fransäsen.

G/10 Granodiorilie gneiss, Fransäsen.
G/11 Granilie gneiss, Fransäsen.
G/12 Granitic gneiss, Bosvik (north of A vreid).
G/13 Quartz monzonitic gneiss, Risör.
G/14 Granodiorilie gneiss, Risör.
G/15 Granodiorilie gneiss, Risör.
All sample localities in the Risör area, Aust-Agder, southern Norway.
Analysis methods: Colorimetric methods and flame-photometry.
Analyst: l. Siarmer-Department of Geology, University of Nottingham.

52

IAN

C.

STARMER

in one rock, and even within a single crystal, suggests that replacement origins
are likely.
Some of the perthite and antiperthite textures recorded from the present
area have been attributed to replacement by several authors (notably An
dersen 1928, Sen 1959, and Smithson 1963).
Andersen (1926, 1928, 1931) made a detailed survey of pegmatites in
South Norway and investigated the interrelationships of their constituent
feldspars. He condurled that film- and string-perthites were due to ex
solution and vein- and patch-perthites to replacement along capillary cracks.
Simultaneous crystallisation produced crystals which would probably now
be termed mesoperthites.
Flame-perthites were considered in some detail by Smithson (1963) in
his study of the Flå granite. The erratic distribution of this perthite was
thought to be incompatible with exsolution origins, paricularly since some
microclines contained up to 40 % perthitic plagioclase and others were
completely devoid of this phase.
Alling (1932) proposed a deuteric origin for flame-perthite during the
late stages of magmatic crystallisation. He thought the association of flame
perthite with plagioclase intrusions represented concentrated exsolution
around the inclusions due to differential contraction. The present author
agrees with Smithson (1963) that flame-perthite also occurs where microcline
host-crystals are adjacent to discrete, corroded plagioclases and that replace
ment origins are therefore more likely.
Although a phase of soda-metasornatism probably occurred, it is im
probable that the plagioclase in the flame-perthites was introduced by this
process (as suggested by Goldich & Kinser, 1939) since it is always altered
and corroded and contrasts with the re1ative1y fresh microcline component.
Replacement origins seem even more probable when the 'granitic' rocks
of the present area are campared with the 'granitic' augen-gneisses immedi
ately to the south. The latter rocks contain !arge augen, or porphyroblasts,
of potassium feldspar and have formed by potash-metasomatism and por
phyroblastesis of earlier Granulite facies lithologies. Thin seetians of these
gneisses show interrelationship between the feldspars identical to those in the
'granitic' rocks of the present area (Starmer 1967). It is interesting that
local patches of more strict granite composition have developed in the augen
gneisses and have occasionally melted to produce an igneous textured rock.
It has already been suggested that the 'granitic' pegmatites formed from
the granitising solutions within the migmatite complex. Many of the smaller
segregations and layers have no physical connection with adjacent lithologies
of the same type and appear to have formed from solutions diffusing through
the 'granitic' gneisses. The immediately adjacent gneisses often show extreme
granitisation. Most of these layers and segregations formed within the F2
foliation and in fissures within the 'granitic' gneisses, and are sometimes de
formed by F3 and F4 structures. Same of the fluids accumulated to form the
veins and discrete borlies of pegmatite which are late- and post-F3 in age.
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The formation of the large, diseretc masses by migration of fluids to low
pressure areas was necessarily a late-stage phenomenon, since the migmatites
could not have supported significant pressure gradients when they were in
a plastic state. When fluids coalesced to form larger masses their mobility
undoubtedly increased and they could be injected to form large pegmatite
bodies as major tectonic pressures were waning. This explains why early
segregations and veins show some deformation and mineral alignment whereas
larger masses do not. The presence of disoriented xenoliths in the larger
bodies is good evidence of their greater mobility.
The association of large 'granitic' pegmatites with areas of gabbroic rock
is most marked and does not appear to have been entirely fortuitous. The
author would suggest that this phenomenon is due to the hyperites forming
stable areas of low stress-pressure to which the fluids could migrate during
the waning of the F3 deformation.
Andersen (193 1) conclusively proved the selective concentration of gran
itic pegmatites in areas of gabbro and amphibolite within this region
of South Norway. Re suggested that this may have been due to their
crystallisation in eraeks produced by cooling or by tectonic deformation,
but that the differential thermal contraction of the gabbro masses relative
to the surrounding country-rock might be a source of fissures.
Although some 'granitic' pegmatites are complex, rare minerals are never
present in any concentration and the vast majority of these rocks (including
many of the large, diseretc masses) are essentialJy simple in mineralogy.
The author would suggest that if the total mass of 'granitic' pegmatite is
considered, the rare mineral content is extremely small (considerably less
than l %).
Some of the pegmatite layers which grade into the enclosing 'granitic'
gneisses contain pyrite, tourmaline and metamict orthite and 'granitic'
gneisses frequently contain accessory zircon, apatite, ilmenite and magne
tite. The metasediments and amphibolites contain these accessories together
with sphene, rutile, tourmaline and graphite and some of their major minerals
probably contain trace quantities of the rarer elements. On assimilation of the
metamorphites, these elements and those in the accessory minerals would be
concentrated in the highly solvent residua} fluids.
The crystallisation in the pegmatites folJowed the usual trend of com
plicated replacements and recrystallisations giving perthitic textures, graphic
intergrowths, plagioclase-microcline and plagioclase-quartz intergrows.
Andersens's views on the genesis of feldspars in pegmatites of this region
have already been briefly summarised. Re concluded that an initial stage
of 'simultaneous crystallisation of soda-potash feldspar and plagioclase'
normalJy. produced separate crystals of the two phases (Andersen 1928).
Rhythmic crystallisation formed antiperthites and string perthites developed
by exsolution processes. Contraction of the microcline crystals on cooling
was thought to have produced capillary eraeks enabling the easy passage of
solutions. The microclines tended to recrystallise and albite and quartz
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developed in the fissures. Film-perthites were thought to be formed by ex
solution during this phase and to continue to form during the last stage
when the microclines were extensively replaced by albite.

THE GRANITISATION PROCESS
It has already been suggested that the granitisation was effected by diffusion

of granitising solutions which also yielded the 'granitic' pegmatites. However
the exact nature of the processes and chemical exchanges involved are less
obvious.
Although some of the 'granitic' rocks are

biotite-rich

(with

up

to

25 % in the mode), there appears to have been a relative, weight for weight,
loss in iron, magnesium and calcium when pre-existing metarnarpbites were
replaced.
The compositions of both the non-granitised metarnarpbites

and

the

'granitic' gneisses are obviously variable within certain limits, but it is
possible, from chemical and modal analyses (Starmer 1967), to see the gene
ral effects of replacement.
amphibolite

to

'granitic'

A weight for weight alteration
gneiss

effectively

involves

the

of

denser

addition

of

20-25% Si02, 3-5% K20, and 1-2% Na20, and the removal of 3-4% Al203,
6-7% FeO, 5-6% MgO, and 8-9% CaO. Similar conversion of biotite-rich
schists and gneisses involves the addition of 5-8% Si02, 2-4% K20, and
0-2% Na20, and the removal of 2-5% FeO, 2-3% MgO. and 0-1% CaO. The
replacement of these latter rocks is therefore much more easily achieved
and this is borne out by field evidence.
Granitisatian eaused the growth of !arge amounts of microcline and
quartz in the rocks. Modal analyses (Starmer 1967) indicate that a volume
for volume alteration of amphibolite to 'granitic' gneiss, reflects an increase
of 25-45% microcline and 20-35% quartz and a decrease of 30-40% horn
blende and 0-20% plagioclase. Similar change from biotite-rich rocks to
'granitic' gneiss is eaused by an increase of 25-45% microcline and 5-20%
quartz and a decrease of 0-45% biotite. Once again the latter replacement
is obviously more easily achieved.
Certain anornalies appear to exist in the above summary of the alteration
effects. Particularly the plagioclase contents do not appear to increase, and
indeed show an apparent decrease in the change from amphibolite to 'granitic'
gneiss. This is despite evidence of a soda-metasornatism producing oligoclase
in the granitised rocks.
The granitisation and migmatisation occurred after a period of intense
tectonic compression (Fl) and would have invalved a vast increase in vol
ume in the granitised rocks. This was only made possible by the waning of
a most severe compressional phase

producing the tight falding

and it

was probably this time of relative tension which enabled the granitisation
to proceed, thus relieving the growing tensional stress on the area (i. e.
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restaring the equilibrium). Thus a great volume increase accompanied the
granitisation and a given volume of 'granitic' end-product bears no rela
tion to that of the pre-existing rock. The above figures, therefore, do not
quantitatively represent the changes during the granitisation hut merely
the change in ratio in the various components. The seemingly necessary
exit of quantities of FeO, MgO, and CaO is no longer significant and the
exact increase in Si02, K20, and Na20 is probably obscured. The appar
ently anomalous decrease in plagioclase content represented a change from
essentially bi-mineralic amphibolite, consisting of plagioclase and homblende,
to 'granitic' gneiss consisting of quartz, microcline and plagioclase

( + biotite

and homblende).
The source of the metasomatising fluids producing the granitisation is
problematical. However, in the Granulite-facies area to the south, 'granitic'
augen-gneisses

have

been formed by a similar process (Starmer

1967).

These rocks would appear to have originally underlain the present area,
from which they are now separated by

a

!arge normal-fault.

There is

thus evidence that these fluids were derived from depth and passed through
the lower leve! Granulite-facies rocks. Reitan (1959b) suggested that these
lithologies were a possible source for the pegmatite fluids of the Risör area.
The petrogenesis of these rocks and the source of the metasornatism will
be dealt with in a later publication (Starmer in preparation) and it is believed
that the processes involved are fundamental to the nature of the Pre-Cam
brian itself.
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