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The Precambrian Metamorphic Rocks
around the Lake Vegir (Aust-Agder. southern Norway)

by

Jacgues Tourel,

Abstract

An area of abour 2000 km® between the Skagerak coast (Tvedestrand—Rispr) and
the Southern part of the Telemark provinee (Tignefoss—Meslandvaen) has been in-
vestigated and is considered to be a genetically homogeneous migmaritic complex, The
evolution of the rocks is supposed to represent an crogenic development in which
3 fundamental phases have been recognized: | Deposition of geosynclinal supracrus-
tals (mainly detrital or pelitic sedimenes and basic intrusions). 23 Widespread migma-
tization as a consequence of deformation and intermediare pressure regional metamor-
phism (Caledonian type), The grade of metamorphism s essennally controlled by the
available amount of water as a free gazeous phase and decreases regularly from the
Skagerak coast (hornblende granulite subfacies) mwards che Telemark (low amphibolite
faciess, 3) Local rerrograde memamorphism in elongated zones which have remained
mobile well afrer the end of the regional migmatzation. In connection with this late
diapthorcsis important movements brought in contact arcas ac different stages of mig-
maritic evolution, particularly rhe carazonal and deep cataronal Bamble and the meso-
zonal Telemark domains.

Introduction

The Precambrian basement of Southern MNorway, a classical region for the
study of regional metamorphism and granitization, is generally divided into
2 regional units: The Telemark—Rogaland, which constitutes the main pare
of the district and the Kongsberg—Bamble, a narrow fringe along the Skage-
rak coast and the Oslo graben (Barth, in Holtedahl, 1960). From about 1930
to 1940, total independance was the rule (Bugge, 1936), but it is weday gene-
rally accepred thar the whole basement is genetically homogeneous, even if in
reason of intense deformations and widespread granitization the regional cor-
relations have not yet been established (Holredahl 1953, Dons and Barth, in
Holtedahl, 1960).

The geological map described in this paper deals with a surface of about
2000 km* around lake Vegir (Aust-Agder) and is precisely divided in its
middle by the «(reatr Breccias which separates classically the Telemark and
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Bamble areas (Barth, in Holtedahl, 1960}, This region thus offers a good
opportunity to study the relationships berween these 2 domains, a problem
which in spite of recent grear advances remains the key-problem of the regio-
nal geology. For 6 summers of field work (1959—1966), I have mapped in
detail (scale 1/350.000) the area delimited by: the Nidelva river, the main
road E 18) (Serlandske hovedvei) and the road Sundebru—Gjerstad—Sandi
{between Amli and Tignefoss), The geology of the remaining part of the map
has been only cursorily investigated and derives mostly from the available
literarure. (See bibliogeaphy in the legend of cthe map).

In this notice only the most important results and general conclusions are
given; derails will appear in a more complete publication in the French peri-
odical «Sciences de Ja Terres,

Regional features

Many studies have been devoted to Southern Norway and the most recent
reviews (Barth and Dons, in Holtedahl, 1960, Barth, in Rankama, 1963) have
established a coherent generic scheme which will be raken here as a basis for
the descriprion of rocks. Primarily defined for the Bamble area (Bugge, 1943),
but also valid for the whole investigated region, this scheme is based on a
major distinction berween:

a) an «old groups» of ancient (and still unknown age) rocks of supracrustal
urigin, which in spite of the high level of regional metamorphism and a pro-
bably very complicated geological history have retained unmistakable traces
of sedimentation, volcanic extrusion or superficial intrusion,

b) a «Younger group» of migmatites which resulted from the transforma-
tion of «old groups rocks under a regional migmatization initiated by an oro-
genic metamorphism. This metamorphism increases regularly from the am-
phibolite facies (mesozone and upper catazone) to the granulite facies, rea-
ched on a regional scale along the Skagerak coast (Barth, in Holredahl, 1960),
It must be clearly stated ar once that rhe number of metamorphisms and pos-
sible migmatizations, which have eventually arisen since the unknown epoch
of the deposition of the sold groups, is by no means clear (Wegmann, in
Holtedahl, 1960), bur two fundamental principles will be admitred in this
paper:

1) only one regional migmatization may be recognized on the field, ir cor-
responds to an episode of metamorphism the date of which is given by many
concordant geochronological measurements to abour 1 billion years ago (Broch
1964). In spite of constanc searches, no older granites and migmatires could
be recognized on the field with any degree of certainty and, if any, they have




7

been obliterated or rejuvenated by the last 1 billion year old regional mig-
matization, a major orogenic episode which nevertheless is still waiting for
a specific name,

2) migmatites and related granites on both sides of the «Great Breccia»
belong to the same migmatitic cycle and must be regarded as cogenetic. The
undeniable but sometimes subtle differences are thus only explained by the
uneven development of migmaritic processes.

As now accepted by most geologist (Winkler 1965, Barth 1962), the de-
velopment of migmaritic evolution is directly related ro the level of regional
metamorphism and in a general way the exposed rocks bear witness of the
maximum meramorphism they underwent. However, the basement is dissec-
ted by elongated zones of deformed rocks and mylonites which show clear
features of retrograde metamorphism. These diaphtorites have a particular
importance in the investigated area, as they represent the key rocks to under-
stand the true relationships berween Telemark and Bamble within the li-
mits of the map. Two types have been distinguished (Tourer 1967b): the
blastomylonitic R1 diapthorites (retromorphism in the epidote-amphibolite
facies), which the interesting Vegirshei- and Gjerstad augen gneisses belong
to, and the mylonicic B2 diaphtorites (recromorphism in the greenschist fa-
cies), mostly represented by the =Grear Breccia mylonitess (Barth in Holte-
dahl 1980, Selmer Olsen 1950).

I. THE OLD GROUP

In the old group there occur many detrital or pelitic ancient sediments, now
turned into quartzites, metagreywackes or paragneisses and a huge quanricy
of amphibolites; traces of ancient limestones also exist. These supracrustals are
well known in the Bamble (Bugge 1943, Barth, in Holtedahl 1960), bur it
must be noted hat they have also been found without any exception within the
Telemark area, where their relative scarcity is only due in my opinion to the
much larger extent of the granitization north of the «Great Breccias.

Quartzites
The quartzites, very abundant along the Skagerak coast but occurring also on
both sides of the Vegir lake, derive from ancient sandstones or arkosic sand-
stones. Sometimes very pure (Sgndeledsfjorden), they generally hold biotite,
feldspars (microcline or oligoclase) and accessories, among which zircons are
very common. Sillimanite may be present, while apparently primary musco-



vite is to be found north of an Ubergsmoen—Sundebru line which corresponds
to a smuscovite isograds slightly oblique on the regional strike,

In the area of Sgndeled and Haugland (road Ubergsmoen—WVegirshei),
sillimanite occuts in considerable amount; the rock then may present a no-
dular texture and has formerly been described as =nodular granites (Brogger
1934). The nodules are rich in quartz and especially in sillimanite, while the
mattix holds more feldspars and biotice. Several hypothesis have been put
forward to explain the genesis of these rocks, bur the most recent study (EL
liote and Morton 1963) proposes a pure sedimentary origin by smultiple fold-
ing of a series of arkose and impure sandstone which contained ribs of hard,
high-alumina quartzitess.

If the sedimentary origin of quartzites, as indicated by the mode of
exposure, the mineralogy and chemical composition, is no longer controversial
(Barch, in Holtedahl 1960), the meramorphism has practically obliterated all
traces of sedimentary structures; however, traces of a pebble have been found
south of Midvatn, while possible cross stratifications occur along the lake Haug-
landsvarn.

Selias banded gneisses imeragreywackes)

Rocks with a banded structure occur everywhere in Southern Norway and
have generally been described as «banded gneisses= ( Bugge 1943, Dietrich 1959,
They arc built up of alternating dark and light bands of varying thickness
{some centimeters to several meters) and considerable perrographical com-
plexity : amphibolites, quartzires, dioritic, granodiorictic or granitic gneisses and
poeissic granites etc. ... Ir is highly probable thar the first and foremost ori-
gin of the banding is the original supracrustal bedding (Dietrich 1963),
but in most cases this original bedding may have been deformed and erans-
posed by the synmetamorphic mobilization occuring during the migmatization
(see p. 19 and Barth and Reitan in Rankama 1963 ). I will retain here the term
«banded gneisss for the only rocks whose layering is truly mimetic of the supra-
crustal strarification, keeping the name =banded migmatitess (p. 18) for the
maore common exposures where metamorphic recrystallization has been suf-
ficient to suppress all traces of the original sedimentation,

This definition is of course very restrictive, bur such banded gneisses have
nevertheless been observed near the village of Selds (road Ubergsmoen—Amli),
where they occur as more or less continous layers several ten to hundred
meters thick, interbedded in quartzites and amphibolites. They are made of
alrernaring light and dark bands 5 ro 10 cm thick, the light ones containing quartz,
plagioclase (An 22 o 40}, some poeciloblastic microcline, the dark ones being
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Fig, 1. «fMd proups rocks, 1: «<Igmeous layerings in byperites (Terdien, Songel
2: Xeldr handed pneirs. The gratwal darkewing of the intermediate band is believed 1o
be due to irochemical recrysallization of an ancient graded greywacke. n: granodioriti
HEBTOME.
N.B.: In both cases. the top of the picture represemts the top of the premigmatitic
formation.

richer in biotite, graphite, pyrite, somstimes amphiboles. Small almandine gar-
nets are scattered everywhere and often associated with biotite and graphire
in very thin {1—2 mm) and continuous bands. The most interesting facr is
a clear rythmicity of the bedding caused by a gradual transition light/dark
band, while the opposite (dark light) is very sharp (Fig. 1—2) I believe {Tou-
rer 1966) thar this rythmicity may be explained by the isochemical recrystal-
lization of a premigmatitic graded greywacke-like sediment; rthe similitudes
between the chemical composition of greywackes and Selds banded gneisses
are indeed striking,

The structure of the Selis banded gneisses is constantly interrupeed by
elongated dykes and patches of granodiorite (Fig. 3—1) which in my opinion
is the snecsomes {p. 15) generated during the regional migmatization. De-
tailed investigations have shown thar their chemical composition was very
close from the average analysis of a composite sample of the banded gneisses.

The direction of the structural polarity of the gneisses (gradual darkening
being the right way up?) may change many times on a single exposure as a
resule of the isoclinal folding which is the major structural event in the
Bamble and unforcunately makes any attempt to reconstiture the original
stratigraphy quite impossible.

Graphite paragneisses
I describe as =graphite paragneissess a group of fine-grained gneisses which
very probably comes from the metamorphism of clay - and organic matter-
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rich pelitic sediments. They contain quartz, plagioclase (An 28 to 33), some
microcline, much biotite, garnets and sometimes sillimanite (along the Skage-
rak coast). Graphite, often occurring in close vicinity of iron sulfides, is ex-
tremely frequent in elongated or corroded flakes associated to biotite in
orientated intergrowths. Cordierite may appear in the region of Tvedestrand
(see p, 28),

Graphite paragneisses are relatively sensitive to weathering and present
then a typical rusty o yellowish color easily recognizable on the field. They
are very abundant in a broad belt exrending from Sundebru (Southern end
of the Gjerstadvatn) to Tvedestrand—Ubergsmoen, bur have been highly
modified during rhe migmatization and usually occur as small (some meters
thick) patches scartered throughoutr the migmatites. Some occurrences have
also been found within the domain of the granulite facies migmartites and it
is my feeling that they were of primary importance in the supracrustal «old
group»,

The high-alumina content of the rocks in the above mentioned belr, known
since the 19th century (Lacroix 1889) and indicated by the abundance of
sillimanite, garnet and sometimes cordierite, may then be directly related
to the clay-rich nature of the original sediments and is consequently another
argument in favor of the constancy of rock chemical composition during the
metamorphism.

Ancient calcareous rocks: cipolinos,
skarns and Schuilings residual cipolinos

Some cipolinos bearing calcite, diopside green hornblende and in the region
of Nevestad, large (1—2 cm) graphite crystals occur along the Skagerak coast.
But in a general way, calcite has disappeared during the metamorphic evolu-
tion and the ancient limestones have been transformed into a wide variety
of calesilicate-bearing rocks:

— Skarns are well-known South of the investigated area, parricularly in
the region of Arendal where they contain important iron ore deposits (Bugge
1940). A few exposures of small andradire hedenbergite skarns occur within
the limits of the map, especially North of Vegirshel, and in close conract
with or within the Vegirshei augen gneisses,

— many fine-grained quartzitic or leptynitic calesilicare bearing rocks occur
in the Bamble and Telemark areas as small reddish to greenish parches sel-
dom exceeding 50 cm in their largest dimensions. Their mineralogical com-
position is often very unusual: much quarz, but also calcic garnets, diopside,
basic plagioclases (compositions of An 75 and An 80 have been measured);
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epidote may be very abundant, especially in the wvicinity of the diaphtoritic
areas (p. 33).

Schuiling (1965) has suggested the name «residual cipolinoss for such
smetamorphic rocks of quartzitic appearance, which consist of an equigranu-
lar mosaic of quartz and basic plagioclase with interspersed, large crystals
of diopside and/or hornblende and/or garnets and developed the stimulating
hypothesis that these rocks, common in many metamorphic terranes, «derive
from normal limestones and dolomites from which CaCO; and MgCO; were
expelled in the course of metamorphism, leaving only sufficient Ca and Mg
to combine with the impurities as Ca-Mg silicaress.

Detailed studies have convinced the present writer of the value of Schuiling’s
hypothesis within the investigated area. The shape, size and distriburion of the
«residual cipolinoss are heterogeneous, but in some cases at least may cor-
respond to old cherts or other types of «silicepus accidentss in limestones.

Consequently, if we accepr the possibility of carbonate destabilization during
the regional metamorphism-a face commonly admitted by most petrologists
(Barth 1962, Winkler 1965)-, it is important to note that this destabilization
is not in direct relarionship with the grade of metamorphism: primary calcite
occurs near the coast, in cthe vicinity of the granulite facies area and in a region
where the grade of metamorphism is obviously higher than in the interior of
the country, Wo primary calcite has been found north of the muscovite isograd
(p. 8), where granitization is more extensive than in the south: the disappear-
ance of calcite thus seems more related o the extensity of the granitizarion
than to the degree of metamorphism, a fact which in my opinion indicates
that the role of water must have been a fundamental one (p. 31), and is more
a dissolution, probably by hydrothermal acid solurions, than a true destabili-
zarion,

Volcanic acid effusives

Mo acid volcanic rocks are known in the Bamble, although some leucocraric
layers of the banded migmatites may well represent ancient tuffs (see p. 15
and Barth, in Holtedahl 1960). Some fine-grained acid gneisses, rich in quarte,
plagioclase and microcline (as small crystals and some large phenocrysts) occur
near Haukedalen (north of the Gjerstad augen gneisses). They are rather
similar to some Swedish leptites (Geijer, in Rankama 1963) and are probably
recrystallized ruffs or ignimbrites,
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The basic rocks: amphibolites and hyperires

Basic rocks are extremely abundant in Southern Norway and occur every-
where as concordant layers of variable thickness (1 ¢m to several 100 m).
Several types have been recognized:

L} Olivine gabbros with a coronitic texture, locally known under the term
«hyperites (Bregger 1934, Bugpe 1943). Their age remains largely hypo-
thetical (see p. 6 and 14), but they are in any case over 1 billion years old,
as they are deformed by rhe synmigmatitic folding and grade locally into
metamorphic amphibolites. Only known along the Skagerak coast, they occur
as 100 to 500 m thick sills concordant with banded migmatites in the area of
amphibolite facies as well as in that of granulite facies.

Under the microscope, the rock is composed of ophitic plagioclase (An 43-
45}, remains of olivine surrounded by a double cotonite (inner rim of hyper-
stene, spinel, sometimes garnet, outer rim of clinopyroxene and green horn-
blende), diopside and dark green hornblende. In the granulite facies area the
hyperstene is very abundant and the rock may then be called =norites (Bugge
1943).

East of Songe, interesting examples of «ignecus layerings (gradual decrease
uf plagioclase crystals in amount and size versus correlative increase of mafic
minerals) have been observed (Fig 1-1). The chemical composition is basalric
{Bugge 1934 and Fig. 2},

2) By complete disappearance of olivine, replaced by clinopyroxene and
green hornblende, the gabbros grade inw erthoampbibolites. A new generation
of more acid plagioclase (An 35), often as small and polyedric crystals, may
appear, as well as poeciloblasric almandine garnet and some biotite. Bur some
of the biggest plagioclase crystals ar least are still oriented along an casily
tecognizable ophitic texture.,

Such orchoamphibolites ocour of course on the border of the hyperite bodies,
but many others have been found much farther north, in the Bamble as well
as in the Telemark, where they are very typical near Morkeheia (N. Gjerstad).

3) Far more abundant common emphibolites, medium grained dark rocks
composed of plagioclase (An 30-35), green hornblende, uralice, biotite, possibly
diopside, often almandine garnet, sphene and ilmenite, The texture is nemaro-
blastic,

These amphibolites are probably the commonest rocks within the whole
investigated area and, in boudinaged or brecciated (agmatire) horizons, con-
stitute the most easily recognizable parr of the migmatitic paleosome (see p. 15).

Their ortho- or para-origin has been a marcter of discussion for many years
and it is impaossible to discuss this problem ac length, Both origins probably
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exist (Barth and Reiran, in Rankama, 1963), bur the constant orthoamphi-
bolite — amphibolite transition indicates that an orthoorigin may be very
common. This conclusion is supported by variation studies of the chemical
composition of basic rocks, after the method recently proposed by Leake (1964),
(Fig. 2). The similitudes between hyperites and amphibolites are obvious and
the general trend approximates closely the evolution of Karro dolerites. Some
rocks however depart from the general trend and may indicate, either para-
amphibolites, or ancient igneous rocks chemically modified during the mera-
morphism. But their small number is a proof that they are the exception more
than the rule.

STATENS TEKNOLOGISKE INSTITUTT

BIBLIOTEKET
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I feel therefore that most amphibolites are orthoderivates and, at least for
the most important ones, that they may represent recrystallized hyperites. There
are unfortunately many incercitudes abour the exacr mode and time of em-
placement of the hyperites. From transgressive contacts in the Arendal district,
Bugge (1943) infers that, if they are older than the migmarites, they are also
younger than the sediments of the «old groups. On the other hand, many thin
amphibolites are so finely interbedded within these sediments that a «mise en
places contemporaneous or subcontemporaneous of the sedimentation seems
most probable. A possible solution for this apparent dilemna would be several
phases of basic intrusions of nearly constant chemical composition, the first
ones more or less contemporaneous of the sedimentation, the others, pre-or
syntectonic ones, being more related to the development of the regional meta-
morphism.

Conclusion on the «old groups

The surprisingly well-preserved supracrustal features of the «old groups
rocks allow a tentative reconstitution of the type of premigmaric formation.
Abundances of detrital and pelitic sediments, presence of graded greywackes,
probability of synsedimentary basic intrusions, all these facts indicate a flysch-
like deposit in a geosynclinal area. Because of the widespread occurrence of
«residual cipolinoss, limestones were probably more abundant than formerly
supposed, but they are common in many geosynclines, particularly in miogeo-
synclinal furrows (Aubouin, 1965). At the present state of our knowledge, it
1s however impossible o define accurately the type of geosynclinal deposits:
limestones and well-sorted sands (now pure quartzites) are more typical of
miogeosynclinal sediments, while graded greywackes, abundance of black
shales (now graphite paragneisses) and particularly the possibility of syn-
sedimentary basic intrusions would rather indicare eugeosynclinal ones.

A very important regional fact is the continuity of «old groups rocks on
both sides of the «Great Breccias. It would be of fundamental importance to
correlate these rocks with the «Telemark supracrustals» (Dons, 1962) occur-
ring north of the wide Telemark granites. Recenr geochronological determina-
rions, carried our ar the Lab. voor Isotopen-Geologie (Amsterdam), have indi-
cated that the epimetamorphic Telemark supracrustals are over | billion years
old and consequently belong to the same age range than the «old groups rocks.
However, they are separated into different groups by major discontinuiries
which are blurred within the Telemark granites, and have not been yer re-
discovered farther south. This problem remains still open and FEPresents
major objective for the studies now going on.
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II. THE ONE BILLION YEAR OLD REGIONAL MIGMATIZATION

As a result of the increase of regional metamorphism which occurred abour
1 billion years ago, the «old groups supracrustals were ¢reworkeds and trans-
formed through the still mysterious process of mobilization, anatexis and
granitization; they are consequently now exposed as migmatites (Barth, in
Heoleedahl, 1960). As it is impaossible to discuss here ar length rthe complicated
and rather controversial migmatite petrology, 1 shall only indicate thar the
present study basically relies on the well-known notions of «palecsomes and
enecsomes (Dietrich and Mehnert, 1960), which due to the exceptionally
edrys character of most migmatites (Den Tex, 1965, and p, 31), are parti-
cularly suitable for regional mapping in Southern Norway (Barth, 1962). As
may be seen on Fig. 3, migmatites are composite rocks in which one is able
to recognize on the field:

— an old part of <paleoromes, which here is a rock belonging to the old
group (Selis banded gneiss in the case of Fig. 3-1),

— a younger part of eneoromes, generally of granitic or granodioritic com-
position, which represents the smobiles part of the migmatires and consequ-
ently tends to transect the palecsome strucrures.

This definition is theoretically satisfactory, bur its application may some-
times be difficult: some rocks of granitic composition may be recristallized
effusives ruffs and ignimbrites and belong therefore to the «old group». How-
ever, detailed observations have convinced the present writer thar all rocks of
granitic or granodioritic can be taken as a neosome, as they were more mobile
than «old groups rocks during the migmatization. 1 accept here Mehnert's
definition of mobility: increase in migration capacity of a rock or part of a
rock over and above the domain of a single grain, with no genetic implication
concerning the state of aggregation of the rock or the mecanism of mobiliza-
tion (Dietrich and Mehnert, 1960). The acceptation of «neosomes in this paper
is then similar to the smobilizates of German geologists (Winkler, 1965).

As pointed out by Mehnert (£i. in Dietrich and Mehnert, 1960), the notion
of smobilizations is largely nongenetic, as no hypothesis is expressed on the
mecanism of the migration or even the mode of formation of the granitoidic
neosome. Its ubiquitous transgressive character, which is in complete contra-
distincrion with the conformable character of most «old groups rocks, indi-
cates however thar most, if not all neosome has been truly created during the
migmatitic evolution. Winkler's (1963) and Wyart’s (Wyart and Sabatier,
1959) experiments have definitely shown that granitic or granodioritic rocks
arise from pelitic rocks under P-T conditions corresponding to the metamorphic
amphibaolite facies, which has been reached or exceeded everywhere in the




Fig. 3. Four seccersive stages of migmarite svolution,

I: Bamble banded migmatiter. p: paleorome of swpracrustal origin, in this care Selis

banded pueiss. At the bottom of the picture. comcordane amphibolite. n: pramodioritic

vensome, mostly  concordant, but semetimer ditcordant on the tapracesital lavering.
(Lake Saudvate, south of Selir)

2: Bamble banded migmatites. The dark part of the rock siill represents the paleosome,
but the swpracrustal bedding bas been traniposed during the migmatization by froclinal
folids which may be ieen above the hammer bead. (Road Ubergimoen—=Eipeland),
3: Telemark banded migmatites. The rock in the whale looks more gramitic (higher
cdegree of evolutions of the migmatites, see p. 17). The ultimate origin of the bedding
is probably epracendtal, bt 8 bar been completely transposel during the migmatiza
tion. (Trert, sowth of Amilil.

4: Telemark banded migmatites. cut by dybes of lencocratic Telemark prawite (gl. The
granite becomer progrescively pegmatitic af the bottom of the picture.

{Road Sandi—Fiskvain),

investigated area (p, 32), These experiments have also pointed out the funda-
mental importance of water: when P-T conditions of the beginning of mobili-
zation are reached, the evolution may only be complete if enough warer (more
than 4 % in weight - Winkler, 1965) is present. If not, the rocks will only
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be partially mobilized, the amount of mobilized material being strictly depend-
ant upon the available quantity of water (Winkler, 1965). It will be seen that
in Southern MNorway, many arguments indicate that migmatitic evolution may
have developed in a warerdeficient environment: the mobilization is then in-
complete and rests of premigmatitic rocks (the paleosome) may still be
preserved,

The scarcity of water also explains why some rocks may have atrained
higher metamorphic grade than the amphibolite facies (granulite facies) with-
out complete mobilization: it is in my opinion the only way to understand
the undeniable but highly paradoxical observation that rests of old group rocks
are as much (or even more) abundant in the granulite facies - than in the
amphibolite facies area (see p. 26},

Finally, even if no precise hypothesis is done on the exact mechanism of the
mineralogical transformations (inter- or intracrystalline diffusion, hydro-
thermal permeation, =minimal meltings, anatexis #), it is admitred in this
paper, thar the migmartization may be considered as a progressive evolution
during which the «old groups supracrustals are transformed into granicoids
by a general or local mobilization directly related to the regional metamorph-
igm. The amount of granitoids depends primarily on the available amount of
water, while their nature is more dependant on the P-T memamorphic condi-
rions. We may then describe successively:

— the migmatites in the amphibolite facies area, in which the ulrimate
products of the mobilization are granitoids and granites (granitic migmatites),

— the migmatites in the granulire facies area, in which the uldmate products
of the mobilization are charnockites (charnockitic migmatites).

The granitic migmatites

Giranitic migmarites are widespread in the biggest part of Bamble and in
the whole Telemark, They constitute a continuous series from conspicuously
banded rocks with much paleosome (banded migmatites, see p. 18) to almost
pure neosome of granitic or granitoidic composition. The «degree of evolution»
(Touret, 1962) of the migmatites may consequently be defined by the relative
amount of neosome versus paleosome. Even if the structural complexity and
the progressivity of the evolution avoids any quantitative measurement, it is
a useful notion for field-work which allows to point out the real differences
between the domains on both sides of the «Grear Breccias: this «degree of
evolutions increases regularly from SE. towards N.W. (ie in the opposite
direction of the metamorphic gradient), with a marked jump at the «Great
Breccia». The differences between Telemark and Bamble, which had so much
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impressed several authors (Bugge, 1936, Bugge, 1943), arise thercfore essenti-
ally from the more granitic character of migmarites north of the Breccia. They
support a distinction berween Bamble and Telemark areas for the rocks de-
scription:

Bamble area (south of the aGreat Breccias)
Bamble banded migmatites

In a general way, the «degree of evolutions of Bamble migmatites is low,
but increases somewhatr towards S.W. (Barth, in Holtedahl, 1960). The most
common migmatitic variety is a «banded migmatites (see p. 8) which consists
of a regular succession of palensome and neosome layers, The thickness of
individual bands varies greatly from some centimeters to several meters. Some-
times, the bedding is very regular and continuous and the rock may then be
called a =stromatites (Dietrich and Mehnert, 1960, but generally the neosome
beds tend to transect the paleosome structure and the term =dycrionires
{Dietrich and Mehnerr, 1960) is more appropriate (Fig. 3). It is however
impossible to draw a sharp limit berween these two types, as differences bet-
ween concordant and discordant structures depends more on the scale of obser-
varion than on the rock icself.

‘The composition of the neosome is granodioritic to granitic, bur its structure
never absolutely isotropic: a kind of «ghosts foliation parallel to the migma-
tiric bedding is always ro be found. Its mineralogy is rather simple and mono-
tonous; fine-grained (1-2mm) greyish rock containing as major constituents
hypidiomorphic quartz, plagioclase (An 30), biotite and in many cases green
kornblende. Microcline is very unevenly distributed and generally speaking, not
very abundant: the neosome composition is more granodioritic and grano-
monzonitic than truly granitic (see Fig. 3). K-feldspar is often poikiloblastic
and seems to corrode the plagioclases which are then bordered by conspicuous
albitic rims or myrmekites. Large-size poikiloblastic almandine garnets —
sometimes in bushy aggregares more than 20 cm in diameter — are abundant
in neosomes occurring within basic rocks (orthoamphibolites and amphibolites)
and alumina-rich palecsome layers (graphite paragneisses). Some epidote may
be present, but is believed to be mostly of retromorphic origin (see p. 35).
Among the accessories, apatite, allanite, zircons and especially iron ores (hema-
tite and magnetite) have been recognized. Generally associated to biotite, the
iron ores may sometimes be very abundant and constitute most of the dark
minerals, as will be described larer for some large scale granitoids (see p. 21)-
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Origin of the sbanded migmatites bedding as dluntrated by the
transition sbanded puneiisers [ «handed migmatitess

Although migmaritic layering is always concordant to supracrustal bedding,
it can hardly be concluded that both structures are equivalent: the many traces
of isoclinal folds which are observed within the banded migmatites indicare
that «old groups rocks have suffered an intense isoclinal folding before or
{more likely) during the migmatization. The evolution of migmartitic mobili-
zation has been studied in detail in the case of the Selis banded gneisses,
where the isoclinal folding may be recognized easily from changes in structural
polarity (see p. 9. It is clear in this case that neosome is more likely o appear
in the most folded areas and that increase of the migmarization leads o the
obliteration of folds hinges, The migmatite bedding is then a true «transposi-
tion seructures  (Turner and  Weiss, 1963), which is as a marter of
fact parallel ro the axial plane of folds. This direction however is always
parallel to the supracrustal layering, a fact which indicates that the syn-
metamorphic isoclinal folding has been concordant on the stratification, as
usual in the low mesozone and catazone {Zware, 1967).

Bamble granitoids

In some places, the neosome becomes more abundane and consticutes most
of the exposed rocks. They have been described as «pgranitess (Bugge, 1943,
Barth, in Holtedahl, 1960), but due to the wide mineralogical and geochemical
variation range, the term sgranitoids» seems more appropriate ro the present
writer, Representing the ultimare producrs of the migmatization south of the
«Grear Breccias, the Bamble granitoids occur in several lense-shaped (4-6
km % 1-2 km} bodies elongated along the regional strike. The contacts are very
rransitional and numerous traces of «old groups rocks are sill o be found
within the granitoids as xenoliths or skialiths, more or less parallel to the
structure of the migmatites around the granitoidic body. The strucrure of the
granitoid iwself is also slightly oriented along the same direcrions. This mode
of exposure is therefore typical of synorogenic granites (Raguin, 1937).

The petrography of the granitoids is somewhat variable, but the following
minerals are generally present: quartz, perthitic microcline, often as 2-3 cm
large phenocrysts, oligoclase (An 20-25), amphibole (green hornblende or
hastingsitic hornblende) and accessories, among which iron ores, apatite, zircon,
allanite are the most frequent. Myrmekite is very common, as are albitic rims
around the plagioclase cryseals.
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Ab Or

Fig. 4. (-Ab-Or diagram of granstoids and pramices in che investigated area.

Dot Bambla pranitoids ( partially after Barth and Reitan, in Rankama, 1963). Cragses:

Telemart granites. Whire triangle: Vegpdrsher and Cierstatl anormals augen pneirses.

Black triangles: scharmockitics  angen  greisres. Sguare: arendalite (after Barth and
Reitan. in Rankama, 1963).

T oand 2 maximum concesiration (1 = 14 %, 2 = 86 %) of pranitic rocks
{ Winkler, 1065

th: minimum melting comporition of the Q-Ab-Or system for PH*G from G000 aeem,
fai o SO0 atem, (FB) (after Barth and Reitan, v Rankama, T963).

The relative proportion quartz,/microcline/plagioclase is highly variable and
most granitoids, especially if they contain amphibolitic skialiths, have a grano-
dioritic more than granitic composition. They may consequently be compared
to the well-known Levang =granites (Hofseth, 1942, Barch in Holtedahl, 1960)
occurring north of Risgr. The variability of mineralogical composition in
Bamble granitoids is very apparent on a Q-Ab-Or diagram (Barth and Reiran
in Rankama, 1963), (Fig. 4). They evidently show no relationship with the
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eutectic of the system, a fact which indicates that pure magmatic processes are
most unlikely for the granitoid genesis (Barch in Holredahl, 1960). A slow
migration of ions ar submagmatic temperatures (Perrin and Roubaulr, 1937),
probably facilitated or even made possible by intergranular fluids (Wegmann,
1935) or hydrothermal solutions (Marma, 1967) is a more satisfactory model
than a pure fusion,

The structural position of granitoids is difficult to analyse precisely, but
they seem to occur preferably ar the hinge of migmatite folds (Smithson and
Barth, 1967), most probably in the core of migmatite anticlines.

An interesting granitoid occurring west of Tvedestrand is known locally
as the so-called Hole sgranitells (Barth, in Holeedahl, 1960). The rock is a
reddish coarse - to medium-grained oriented granite containing quarts,
perthitic microcline, oligoclase and iron ores (hematite and magnetite) as
practically the only dark minerals. Biotite is present butr very subordinarte,
while iron ores may constitute about 3 to 5 % of the whole rock. Aparite is
rather abundant and the principal accessory mineral. Pegmatitic parts of the
sgranitells contain important concentrations of hemartite and magnetite which
have been extensively worked out during the 19th century.

Telemark area (north of the «Great Breccias)
Telemark banded migmarites

North of the «Grear Breccias, banded migmatites are very abundant and at
first glance rather similar to those of the Bamble. However, the local retro
morphosis R 1 and R 2 which occurs along the Breccia and surrounding areas
complicates the observations and, if we only compare the non-recromorphosed
areas, some differences may be pointed our:

— the lencocratic neosome is generally speaking more abundant than in the
Bamble or in other terms the «degree of evolutions of the migmatites (see
p. 17} is increasing. The supracrustals rests are correlatively less abundant and
more transformed by the migmatitic evolution (for instance, biotite is definitely
more abundant in amphibolites). Only the rocks the chemical composition of
which differs significantly from granites (quartzites, amphibolites, residual
cipolinos) may be recognized as palecsome,

— the mineral paragenesis of the neosome is similar to that of Bamble
granitoids, bur K-feldspar (generally perthitic maximum microcline) is more
abundant and occurs as poikiloblastic crystals growing apparently at the ex-
penses of the surrounding quartz and plagioclase. Myrmekites and albitic rims
around oligoclase are frequent.

— the transition neosome, palecsome is less sharp than in the Bamble and
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consequently the rock is more massive and looks more igneous. Besides, the
bedding is less continuous and regular and the structure more dictyonitic than
stromatitic (see p. 18). Finally, numerous crosscutting dykes of fine-grained
Telemark granite, which are unknown south of the Breccia, occur everywhere
{Fig, 34},

Nebuliric migmatites

In many places, especially in and around the numerous domes (Drivheia,
Vedlausfjell, Harliheia, etc.) occurring between the «Great Breccia» and the
domain of regional extension of the Telemark granite (extreme north of the
map), the migmatites present a more granitic character and may be described
as «nebulitic migmatitess. The rock consists of successive layers of gneissic
granite and granodiorite intersected by many granitic dykes. The limits of the
layers are more or less blurred and the texture of the rock only slightly oriented.
Numerous basic skialichs, amphibolitic boudins or agmatites occur every-
where. The general structure of the migmatites is highly deformed by numer-
ous irregular and rapidly changing flow folds.

Augen migmatites (embrechites oeillées)

A peculiar type of advanced» migmatites (i.¢. highly granitized migma-
tites) is rather similar to the preceding nebulitic migmatites, but contain
moreover many large (2-3 cm) K-feldspars phenocrysts regularly orientated
slong the migmaticic foliation (Feldspar Carlsbad twin-plane parallel to the
foliation). As may be seen on the map, these augen migmatites, which cor-
respond closely to the French term «embrechites ceilléess (Jung et Roques,
1952), are particularly abundant on the border of the above mentioned domes
of nebulitic migmatites. It is imporrant to note that they are completely free
of any trace of deformarion and cataclasis and are thus very different from
the Vegirshei and Gijerstad augen gneisses (see p. 30),

Telemark granirte

North of the «Grear Breccias, the end product of the migmatization is a
fine- to medium-grained nebulitic granite, well-known as the «Telemark
granites (Dons, in Holtedahl, 1960) which covers huge surfaces north of the
investigated area and much farther north. Due to the gradual transition banded
migmatites, nebulitic migmatites/granite, the southern limir of granite regio-
nal extension canncr be delimitated precisely, but it corresponds approxima-
tively to a line Amli - Vehus - Digerdal. But smaller occurrences of Telemark
granite are also found south of this line, cither as crosscurting dykes (see above)




23

or as more important masses which seem to occur preferably in the core of
the above-mentioned domes of nebulitic and augen migmatites. Some of these
domes at least (Drivheia, north of Gierstad) correspond to wide anticlines
within the migmatites.

The petrology of the Telemark granite is currently investigated in detail
{Ploguin - CR.P.G. Nancy} and two varieties have already been recognized:

— the Telemark grawite rr., a reddish and greyish fine - o medinm-grai-
ned nebulitic granite which contains quartz, perthitic microcline, oligociase
{An 20—25), biotite, often amphibole (green hornblende), seldom small al-
mandine garnets, Epidote is commeonly present in minute quantities and unlike
the epidote in Bamble Area, does not seem to be retromorphic. Some muscovite
has also been observed. Among the accessories : apatite, zircons, sphene, iron
ore (hematite} and especially allanite may be mentioned.

— the Amli granite, well represented near Amli and farther west, but occu-
ting also north of Gjerstad (Digerdal). This leucocratic and fine-grained
granite is more acid than the Telemark granite ss. (8i0. content abour 75 %
versus G8—70 % for the Telemark granite ss.) and, like the Hole «granitells
(see p- 21) is almost free of biotite and contains iron ore (hematite] as the
only dark mineral. Like all granitic rocks in southern Norway, the Amli granite
contains many small pegmatites which in this case present some inreresting
features:

— The pegmatite feldspars often show red shades which call to mind the
well-known Bamble saventurine feldsparss (Divljan 1960).

— Biotite is often completely lacking in pegmatites, while still present in
small amount in the surrounding granire,

More work is necessary to elucidate the petrogencsis of the Amli granite
which in some places (west of Amli) seems to be closely related to old quart-
zites, but similitudes with the Hole sgranitells are obvious indeed and indicate
that analogies berween Bamble and Telemark areas are not only restricted to
supracrustals rests and appear also among the products of migmatization.

The K content of Telemark granites is significantly higher than in Bamble
granitoids (Fig. 3) and their composition more comparable to the «ideal gra-
niress in a (-Ab-Or diagram (Fig. 4).

In the Telemark granites occur numerous skialiths and xenoliths of banded
migmatites, nebulitic migmatites or amphibolites. Inclusions of basic rocks
{amphibolitic skialiths or amphibolite boudins or agmarites) are particularly
abundant along a broad belt extending from Kjgrull to north of Gjerstad and
which possibly continues the Telemark supracrustals described by Foslie
(in Dons 1960) along lake Nissevatn.
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Fig. 5. Alkaline comtent of pranmitoids and graniter.

I {eroases): Telemark gramites. 2 (8¢ Andrew's crosses): Bamble granitoids. 3 {circles):
Hovdeliell and Ubergrmoen  echarmockitics angen gueisser. 4 (dotrl: Vegldrshei and
Crjerstad snormals anpen pnefsses. 5 (rgmaves): wrendaliter.

Amphibolites may present rests of ophitic textures and are similar to those
occurring south of the Grear Breccia, bur contain more quartz and biotite,
They are also associated to a diorite composed of oligoclase, in slighely zoned
idiomorphic crystals, green amphibole (tremolire-actinolite), some quartz
and a variable bur sometimes important quantity of biotite as large (1—2 cm)
intersertal crystals. 1 have called smobilised amphibolitess these mica-bearing
diorites, which are similar to some lamprophyres bur also to the so-called
hercynian svaugneritess {Palm 1954).
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The Mesknollen dome.

Morth of Vegir lake, the Nesknollen dome, whose elliprical shape appears
very distinctly in the local topography, presents many unique features: the
shape of the dome is well defined (see map), bur the contact with the sue-
rounding migmatites is always concordant and apparently very close to the
actual topography. It consequently occurs in a kind of «windows within rhe
migmatites. The dome iself is made of a fine-grained granitoidic gneiss
whose composition wvaries progressively from dioritic (oligoclase, biotite,
green hornblende, some quartz} in the outer zone to granodioritic and granitic
{by increase of quartz and poeciloblastic microcling) in the core.

The outer dioritic gneiss, which contains many small pegmatite dykes, is
conspicuously foliated and microfolded. The flatlying axes of the microfolds
converge approximatively towards the center of the dome. The inner grano-
dioritic and granitic gneiss 15 more homogeneous and less deformed, but
its foliation always remains distinct and approximately parallel to the topo-
graphical surface of the dome.

The Mesknollen dome differs in many ways from the Telemark granites
and migmatites and its origin remains problematic. As the similitudes with
Eskola's «mantled domes» are obvious, it may be considered as palingeneric
{Eskola 1949). This palingenesis howewer is difficule o understand, Ir could
be of course a rejuvenation of an ancient basement during the regional mig-
matization, as originally proposed by Eskola (1949) in his famous paper.
But this hypothesis cannot be valid here, as no other trace of any basement
has ever been found in the investigated area, even in the deeper granulite
facies area. It is in my opinion more probable thac this palingenesis is only
local and related to the second mobilization oceurring in the domain of the
R, diapthorites (p. 33).

The charnockitic migmatites

As a result of the progressive increase of regional metamorphism towards
the Skagerak coast, the granulite facies is reached near Tvedestrand, as seen
immediately on the field by the widespread occurence of orthorhombic py-
roxene and the greenish-yellowish color of all rocks (scoulenr malgachitiques,
Lacroix 1923). The rocks of this area have been called «arendalites» or «Aren-
dal charnockitess by J. A. W. Bugge (1943, 1960} and include a wide range
from acid (more than 65 9% Si0.) to basic (abour 50 %% 5i0:) varieties, Tt
is easy to become convinced on the field of the migmaritic nature of the aren-
dalites: as for the granitic migmatites, the composite narure of the rock is
indicared by the intimate association of isorropic or subisotropic charnockite
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(hyperstene granite and granodiorite) and banded granulites, in which rests
of =old groups rocks may be observed. The bedding of the banded granulites
15 at least as well developed as in the banded migmarites, but not the rock
foliation, what is however simply due to the scarcity of biotite in granulite
facies rocks (see below),

In agreement with Den Tex's conclusions concerning the region of Cabo
Ortegal (Spain) (Den Tex and Vogel, 1962) and the charnockite type area
in India (Den Tex, 1963}, I consequently consider the rocks occurring within
the granulite facies area as charnockitic «dry migmatitess (Den Tex 1965),
in which banded granulites are equivalent to banded migmarites in the am-
phibolite facies area, while charnockites correspond to former granitoids and
granites. This hypothesis is in my opinion the only way to explain the occur-
rence of =old groups supracrustal rests within the banded granulite and the
very gradual transition between the arendalite domain and the surrounding
migmartites (Bugge 1943).

Mineralogy of the charnockitic migmatites

The transition granulite facies/amphibolite facies is recorded on the field
by important and spectacular changes in rock-forming minerals which may be
summarized as follow:

— K-feldspar is a monoclinic orthoclase (Heier 1957), often transformed
into: microcline along crystal cracks or limits (Tourer 1963). Perthites are
abundant as small discs or stringlets (<hairperthitess Eskola 1952}, their main
composition closely approaches a mesoperthite (50 % orthoclase, 50 % plagio-
clase Michor 1961); K-feldspar is only abundant in the outer zone of the
granulite facies area as 2—3 cm large phenocrysts often surrounded by com-
plex (several generations of quartz droplets) myrmekires.

— Antiperchitic plagioclase (An 15—23) is common and occurs with
bluish or milky quartz containing minute rutile inclusions.

—Orthopyroxene (hyperstene) is widespread. Diopsidic clinopyroxene and
garnets (especially in some layers of the banded granulite) may also be observed,
Amphiboles (dark hornblende and hastingsite) are almost always present
as independant and idiomorphic crystals which are apparently non retro-
morphic: the degree of meramorphism consequently corcesponds to the horn-
blende granulire subfacies.

— Biotite may be present as extremely corroded crystals closely associated
to hyperstene or garnet. It is possibly secondary, but several observations in-
dicate the probability of incomplete reactions of the following types:
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Biorite
ar
Biotite - sillimanite = garnet +— K-feldspar 4+ water

hyperstene + K-feldspar -+ water

The mineral paragenesis corresponding to the right side of the equations
are stable in the conditions of the granulite facies, but the achievement of the
reaction depends on the water pressure and may therefore be incomplete.
During or after this evolution, yellowish hydromicas and clay minerals (pos-
sibly iron rich nontronites) are formed and fill the microcracks of all mine-
rals, especially quartz and feldspars where they are very apparent under the
microscope. 1 believe that they are essentially responsible for the dark shade
of the granulite facies rocks: they are easily washed out by hot HCI solutions
and the yellowish color then fades or even wholly disappears.

— Among the accessory minerals, sphene disappears, while iron ores are
Ti-rich (Ti-hematite and ilmenite).

Finegrained charnockites (arendalite sst)
and augen charnockites

Charnockites, which as stated above are equivalent to granites in the am-
phibolite facies domain, essentially occur in the core of the granulite facies
area (islands of Tvedestrand). They are dark, massive, fine grained rocks con-
taining quartz, antiperchitic plagioclase, hyperstene, hastingsitic amphibole and
some biotite, Potash feldspar is rare and the composition of the rock is nearer
to0 an hyperstene granodiorite (enderbite) than to an hyperstene granite
{charnockite ssr.). The available dara concerning the alcaline content of the
arendalites (Fig, 5) show a marked prevalence of Na over K and a remarkably
low content of K, even compared to rocks with charnockiric affinities occurring
elsewhere (De la Roche, in press). For this reason the term sarendalites, which
seems to have been dropped by its own author (Bugge 1960) is worth, in my
upinion, to be retained. Considerable confusion exists to-day about the exact
acceptation of the term scharnockites, which should be restricted to true hyper-
stene granites (Subramanian 1959, Winkler 1965) and consequently cannot be
applied to the arendalites. It might perhaps be useful to introduce a term like
scharnockitoids to preserve the parallelism with granite terminology (granitoid)
snd describe the whole charnockitic rribe.

In the outer zone of the granulite facies area, K-feldspar is more abundant
in the mobilized part of the migmatites and occurs as large (2—3 cm) orthose
phenocrysts, often surrounded by well developed myrmekites. Important occur-
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rences of these saugen charnockitess have been observed near Gjeving, where
they grade very progressively into Bamble granitoids. Their affinities whith
the Hovdefjell and Ubergmoen scharnockitic augen gneissess (see p. 37) are
obvious.

A special type of deep catazonal rock: the fayalite mangerite of Morkeheia,

Deep catazonal rocks (ie corresponding to a regional metamorphism in
the granulite facies - Michot 1960) are essentially occurring south of the
=lireat Breccias and have consequently been determinant to support the old
hypothesis of a total independance between Telemark and Bamble (Bugge,
1943). The recent discovery of a fayalite mangerite in the orthoamphibolites
of Morkeheia (Touret, 1967a) is then important as it indicates that deep cata-
zonal rocks are also liable to occur north of the «Grear Breccias. (Other
granulite facies rocks have also been discovered ar Kallingsheia, W, of Amli
- Ploguin, unpublished). The rock is very similar to the Bjerkrem-Sogndal
mangerite (Rogaland) (Michot, 1960) and consists of mesoperthite, An 32
plagioclase, fayalite (Fa®5Fo5), dinopyroxene (diallage), some hyperstene,
biotite, quartz and retromorphic amphibole. Near the mangerite some occur-
rences of antophyllite rich gneisses which are possibly rerromorphosed ulera-
basites have been observed.

The border zone of the granulite facies area: cordierite migmatites
and cordierite-antophyllite gneisses

The transition amphibolite facies / granulite facies is gradual and takes place
in a «border zones indicated on the map by mixing charnockitic and granitic
migmarite symbols and occurring around the whole granulite facies area (Bugge,
1940, 1943). In the border zone the typical granulite facies minerals progres-
sively appear, bur a supplementary fact of fundamental importance may be
observed near Tvedestrand: the apparition of cordierite, occurring as blue and
sometimes gemn quality crystals (Lacroix, 1889). The presence of cordierite in
various places of the Bamble is a well-known fact and most of them are along
or near the Skagerak coast. Cordierite is very pure, often polysynthetically
twinned along (110} and rich in Mg (2V about 70-807). It contains numerous
inclusions of quartz, biotite and iron ores (hematite with small ilmenite exsolu-
tion lamellae). It may crystallize as 15 or 20 cm large poikiloblasts often sur-
rounded by myrmekite-like quartz plagioclase association,

Near Tvedestrand cordierite often occurs within graphite paragneisses. Bur it
is by no means restricted to the paleosome and is also abundant in granodioritic
neosome. Farther norch (Akland, Sgndeled) cordierite, if present, is systemaric-
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ally surrounded by ortorhombic amphiboles (antophyllite and gedrite), often
in sufficient amounr  give antophyllite-cordierite and gedrite-cordierite
gneisses (Bugge, 1943) which occur in many instances ac the contact between
quartzites and ortho-amphibolites or hyperites (Bugge, 1943),

The genesis of the cordierite migmarites and cordierite-antophyllite gneisses
is complicated and not fully understood. It is highly probable that an initial
alumina rich composition and, in the case of the cordierite-antophyllite gneisses,
a magnesium metasomatism have been important. However, cursory investiga-
rions have convinced the present writer that, for the Tvedestrand cordierite
mmigmatite at least, the proximity of the granulite facies was the dererminant
factor: cordierite appears within paragneisses and old group rocks whose com-
position do not significantly differ from those occurring farther north (parcicu-
larly between Nesverk and Ubergsmoen), which only contain sillimanite bio-
tite and garner,

It may therefore be concluded that, in the investigated area, cordierire is
only stable as a regional metamorphism mineral near the granulite facies lower
boundary, This important conclusion gives us one of the only liable arguments
for a tentative derermination of the P-T conditions of regional metamorphism
(Fig. 6.

Cordicrite seems to disappear within the granulite facies area ieself, as it is
not mentioned as a constituent of arendalites (Bugge, 1943)"). The regional
stability field of cordierice in Southern Norway is therefore exceptionally
pareow, It is likely that in the granulite facies area, pressure conditions are
too high for the relatively low pressure cordierite which is probably replaced
by garner, quartz and iron ores.

The pegmatites
The description of the syounger groups would not be complete withour
mentioning the numerous pegmatite veins which occur everywhere within
the investigated area (only some of the most importane dykes could possibly
be indicated on the map). Although all pegmatites are in my opinion related
to the same type of hydrothermal processes, two types at least may be recog-

nized on the field (Barth, in Holtedahl, 1960);
— Small, lense-shaped, concordane pegmatites particularly abundant in basic
rocks and probably formed by lateral secretion (Reitan, 1956). Some at least

1) The association hyperstene-cordierite has recently been found by the writer at
Dypvag; evidence of the predicred replacement of cordierite by garner towards the core
of the sarendalites domain have also been observed (MNote added in proof).
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ate closely related to the regional migmatization and may be considered as a
neosome with a parcicularly heterogeneous grain size, Generally rich in plagio-
clase, rhey contain quartz, feldspars, biotite, often amphibole and garnets.

— Large discordant or sill-like bodies of nearly granitic composition (Barth,
in Holtedahl, 1960, which hold much perchitic microcline and auartz, some-
times as graphic intergrowths, Many rare minerals have been found within
these large pegmatites, which are extensively worked out for quartz and feld-
spars (see complete list in Barth, in Holredahl, 1960). These pegmatites are
always undeformed, even in the diapthoretic areas (see p. 33) and are obviously
late-tectonic or post-tectonic. They bear witness of the hydrothermal acrivicy
which ended the migmatitic cycle and had such a grear importance in zones
affected by retrograde metamorphism.

Conclusion on the 1 billion year old regional migmatization

If the study of the sold groups had shown the unquestionable similirudes
berween Telemark and Bamble areas, the description of migmatites dwells on
their no less obvious differences: granites are more extensive and migmatices
more granitic in Telemark than in the Bamble. These differences (as well as
the resemblances) appear at first glance on the geological map: black is
reserved for supracrustals or slightly granitized rocks, while red (or violer)
indicates the neosome rocks in the broadest sense. The proportion of red
versus black is consequently more or less proportional to the amount of gran-
itized {or emobilizeds) rock during the migmatitic evolution. It becomes then
clear that, south of rhe Grear Breccia, black dominates and red is subordinate,
while ir is the opposite in the Telemark area. In other rerms, granitization
increases towards the north, bur we have seen throughour the petrographical
description thae the evolution was very progressive, apart from the rather
marked jump at the passage of the «Great Breccias. Moreover a good deal of
arguments point o the definite similitude of granites and granitoids on both
sides of the «Great Breccias, the most important being the ore rich character
of the Amli granite and Holt granitell (sce p- 23). We may therefore speak of
a egradient» of granitizacion from the Skagerak coast towards the Telemark
area, therefore inverse of the metamorphic gradient.

If we correlate the extension of granites with the degree of metamorphism,
it consequently appears thar in Southern Norway granites are widespread in
the lower part of the amphibalite facies {indicated in the Telemark area by
primary epidote, see p. 23), while they are less abundane in the upper part of
this facies (sillimanite-muscovite-almandin and sillimanite-orthoclase-almandin
subfacies) and in the hornblende granulite subfacies.
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The relative scarcity of granites in the deepest zones of regional metamorph-
ism has been pointed our by several geologists (Den Tex, 1963, Noe-Nygaard,
1955, Beloussov, 1966) and supports the notion of a «degranitizations zone
under the widespread mesozonal granites (Noe-Nygaard, 1955, Beloussov,
1966). This scheme indeed firs the field observations within the investigared
area, bur the prevalance of supracrustals rests within the «degranitizations zone
indicates that no huge granites of the mesozonal type have ever been formed
during its metamorphic evolution and that the degranitized area do not arise
from the transformation of earlier granmites. The term sdegranirization= may
therefore be misleading and [ would preferably use sagranitizations (a pri-
varive), which insists on the fact that no widespread granites have been formed
when the rocks have been submitted to P-T conditions corresponding to the
amphibolite facies.

How can we try to explain this remarkable situarion, which seems by no
means restricted to Southern Norway and appears to be the rule more than
the exception in precambrian terranes where granulite facies rocks are exposed
on a regional scale (Den Tex, 1965). It is impossible to discuss here this
fundamental problem at length, bur it is in my opinion very likely that, as
suggested by many writers (Termier and Termier, 1956, Den Tex, 1965). the
water balance during the migmatitic evolution has been of greatest importance
Extension granitization universally occurs under amphibolite facies metamorphic
conditions (probably corresponding ro temperature and pressure above the
granite sminimum melting curves), but only in a water saturated milieu (more
than 4 9% water in weight) (Winkler, 1965). If the milieu is water deficient,
mobilization starts only ar higher temperatures and, as shown experimentally
(Winkler, 1965), the amount of mobilized material strictly depends upon the
available quanticy of water.

It may therefore be assumed that, in the Telemark area, enough water was
present to allow an almost complete mobilization in the amphibolite facies —
and the «drys characteristics of the Amli granite indicate thar even in this
region the quantity of water was near a minimum, — while south of the
Breccia, 2 more water deficient environment made it possible o reach deeper
metamorphic conditions (hornblende granulite subfacies) with only a local and
partial mobilization (Den Tex’s «dry anatexiss) (Den Tex, 1965).

The fundamental reasons of this differential water behavior are still o be
found. A simple way to reconstitute the metamorphic evolution, which has o
be taken as a working hypothesis, may be summarized as follow:

1) deposition of the supracrustal old group, followed by diagenesis and
probably a first epimetamorphism during which most of the initial water has
been expelled,
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2%) high grade metamorphism starting direcily in the deepest zones (horn-
blende granulite subfacies), probably under the influence of a relatively sudden
increase of temperature, and evolving towards the more superficial levels as a
metamorphic swaves progressively damped down,

The granulite facies metamorphism is characterized by dehydration reactions
and liberates water which tends to migrate w regions of decreasing pressure,
thus explaining the structural position of most mobilized rocks in the core
of migmartitic anticlines (see p. 21). On the regional scale, the rock water con-
tent is therefore increasing when the intensity of memamorphism is decreasing
and becomes sufficient for an almost complete mobilization in the upper part
cf the amphibolite facies. Warer may also serve as a vector to carry the neces-
sary alkaline, (Na and especially K (Marmo, 1967)} and explains the larger
K content of Telemark granites (Fig. 3). Several mechanisms may be referred
to tor explain the mobilization irself (anatexis, diffusion by intergranular fluids,
erc.), but the writer is inclined to believe that the shydrothermals model as
recently presented by Marmo (1967) fits best the observed field evidences,

This tentative reconstitution of the metamorphic evolution is only possible
of the climax of metamorphism is reached relatively rapidly in the granulite
facies area. This could be explained by a sudden increase of heat flow at be-
ginning the deep regional metamorphism, perhaps provided by syntectonic
basic intrusions (Gates, 1967) and [ for my part believe that some hyperites
at leasr, far of being epizonal intrusions as generally accepted (see p. 14), could
precisely have been intruded in the catazone and indicate (or even initiate?)
the start of the regional migmatization.

P-T conditions of regional metamorphivm in Sonthern Norway

From Telemark towards Bamble, the following metamorphic facies are
successively encountered: Low amphibolite-facies (Telemark), high amphi-
bolire facies (sillimanite-almandine-muscovite subfacies and sillimanite-alman-
dine-orthoclase subfacies) and hornblende-granulite subfacies (Bamble).

Lictle can be said abour the P-T conditions of the first of these subfacies,
which does not coneain any index mineral, bur we may however expect that they
were above the curve of sminimum melting granites in a water saturated
system, as all rocks are within the domain of regional migmatization {Winkler,
1965).

The other subfacies may be tentatively approached by the following con-
siderations (Fig. 6):

— The only aluminium silicate occurring in the Bamble is sillimanite, The
general P-T condirions must consequently lie within its stability field, which




10
| 35km
9
g | 30
i
25
gb
g | 20
55
-]
4 lis
A

i 1 2 3 4 5 f 7 8 9
Temperature ( x 100° C )
Fig. 6. Tentative determination of the P-T condivions of the maximam regional
metamorbbism.

1: Minimum melting curve of granite (Bowen and Tastle, 1958). 2: lower Mmit of the

stability fiedd of Mg-cordierite (Schreyer and Yoder, 1964). 3: Kyanite-Sillimanite,

d: Kyanite-Andalusite, 5: Andalusite-Sillimanite (Althans, 1967). 6: Temperature bound-
ary (T00°C) of the granulite facies/amphibolite facies transition (tee text).

Double arrow: P-T conditions of the maximam regional metamiorphitm in the
invertigated area,

I: Low presiure (Hercynian) metamorphim, I Intermediate presmre  (Caledonian)
metamorphiom, 1I1: High presswre (Alpine) metamorpbiom (Zwart, 1967).

in this paper is raken from the most recent determinations of Althaus (1967).

— The transition amphibolite facies / granulite facies is marked among
other facts by the widespread occurrence of mesoperthite of rough composition
Or50 Ab50. This feldspar composition indicates a temperature above 660° C
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(Michat, 1961), and being independant of water pressure, is certainly a good
regional temperature indicator. Determinations by Barth’s thermometer (Barth,
1955) have given 700° C to the writer, a result which closely corresponds to
the maximum temperature of 680° C indicated by Barth (1955) for Bamble
amphibolite facies rocks. I suggest therefore 7007 C as a possible temperature
for the granulite facies in the investigared area.

— The occurrence of cordierite ar the close contact of the granulite facies
area gives another important indication, as the stability field of Mg-cordierite
is relarively well-known (Schreyer and Yoder, 1964). As may be seen on Fig. 6,
the temperature of formation of cordierite increases rapidly in sympathy with
pressure and effectively approaches 700° C for pressures of abour 8-9kb.
These values (700°C, #:9kb) may consequently be taken as a reasonable
order of magnitude for the granulite facies / amphibolite facies transition in
Southern Norway.

All these data reported on the same P-T diagram (Fig. 6), bracker the
possible field of maximum pressure and temperature reached during the regio-
nal metamorphism. It falls unquestionably within the range of intermediare
metamorphism (Caledonian type) as defined by Zwart (1967).

III. THE RETREOMORPHIC AND POSTMETAMORPHIC ROCKS

Evidences of a local retrograde dynamometamorphism:
the R1 and R2 diaphtorites (Touret, 1967h)

Southern Norway as a whole shows but a few traces of retrograde meta-
morphism: the mineral paragenesis of all rocks already described corresponds
to the climax of metamorphism, reached about 1000 million years ago, and
has practically remained unchanged. This conclusion is particularly evident
for the granulite facies rocks, in which as mentioned above amphibole is
primary and biotite related to unachieved dehydration reaction.

Bur retromorphic minerals are to be found within definite zones which
have remained mobile and petrographically active well after the end of the
regional metamorphic paroxysm. This retrograde metamorphism is marked
by specific deformations which indicate its dynamic character; on the basis
of the deformations and neoformed minerals, two types of retromorphic
rocks (diaphtorites) have been recognized:

— The blastomylonitic R1 diapbtorites, retromorphosed in the epidore-
amphibolite facies, which occur in a relatively broad and continuous zone
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on both sides of the «Great Breccias and are best represented by the spec-
tacular Vegirshei, Ubergsmoen and Gjerstad augen gneisses,

— The mylonitic R2 diapbtorites, reromorphosed in the greenschist
facies and most typical along the «Grear Breccias, but also found as exren-
sive mylonites which dissect the whole precambrian basement into grear
rhomboidal slices (Selmer-Olsen, 1950) and may have form ac quite dif-
ferent periods: precambrian (end of the regional migmatization), silurian
{caledonian orogenesis), permian (formarion of the Oslo graben) or even
tertiary, as indicated by recent paleomagnetic measurements (Storecveds,
1966). These mylonites are often more easily weathered than the undeformed
rocks and therefore appear in the wpography as straight and narrow de-
pressions, Many elongated fjord and lakes (for instance Vegir lake), most
rivers and roads are following these depressions, so thar a geological samp-
ling restricted to road exposures would show the retromorphic rocks much
more widespread than they really are,

The K1 diaphtorites (retromorphism in the epidote-
amphibolite facies)
Polymetamorphic migmatites

In a several kilometers wide belt extending on both sides of the «Great
Breccias, all rocks carry epidote (pistacite) in much greater amounr than
in the Telemark granite (see p. 23). Some basic rocks or residual cipolinos
are mantled by a rim of pure epidote, which in this case at least is clearly
secondary. At the same time, the plagioclases may conspicuously be alrered
(saussuritization), while hornblende presents bluish shades and muscovite,
tremolite and actinolite are widespread.

This retromorphism is closely related to a particular type of deformation:
migmatites are deformed by several folding phases, the axial plane of the
isoclinal folding which is so widespread among Bamble migmarites (see
p- 19) being refolded along new M-S axes (Fig 7). Along these second
axial planes, a new necsome appears as elongated epidote rich granodioritic
dykes obviously discordant on the banded migmatites folds,

This granodioritic neosome indicates that a sccond mobilization did
locally occur during the retromorphic evolution and the migmarites are
therefore polymetamorphic. Important granitoidic bodies ocour within these
polymetamorphic migmatites near the villages of Vegirshei, Ubergsmoen
and Gijerstad. They are made of very coarse grained rock which may only
be called <augen gneisss, as unlike other Bamble granitoids it always pre-
sents a conspicuous foliation and/or lineation.
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Fig. 7. Polymetamorphic migmatites in the domain of the RI diaphtorites. A new

lsucocratic nensome wo gppears in the axial plane of late folds in the Bamble migmatites

{m, = meosome comtemporancons of the regional migmaiization). Kilane, south of
Lake Vegdr.

The augen gneisses of Vegirshei -
Ubergsmoen and Gjerstad (Tourer, 1967h)

The augen gneisses of Vegirshei-Ubergsmoen and Gijerstad, which
contain many feldspars phenocrysts of a remarkable size (up to 10 cm), have
recently been described elsewhere in some detail (Touret, 1967h), and I shall
only mention here the most important results,

Two principal types have been recognized:

— the «normals augen gneisses, which contain quartz, microcline, plagio-
clase, biotite, green hornblende, sometimes garnet, secondary epidote and
muscovite, The lense shaped «augen» are mostly feldspathic (microcline or
plagioclase) and show obvious traces of deformation and recrystallization. They
correspond in most cases to an old feldspar phenocryst which has been de-
formed {ondulous extinction, twisted twin planes), and is wholly or partially
replaced by a mosaic of small size recrystallized feldspar crystals (granulation).
The groundmass is almost completely recrystallized and the texture may there-
fore be described as sblastomylonitics (Malaroda, 1946).
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Derailed observations have shown thar the most constant structural element
in the augen gneisses was a more or less constant B-lineation (Touret, 1965h),
often parallel ro the late fold axes within rhe polymetamorphic migmarites;
beside these linear augen gneisses more deformed foliated or microfolded
Lypes occur.

The mineralogical composition of the augen gneisses widely varies from
acid microcline rich types to basic ones, in which the eyes are almost exclu-
sively plagioclasic. In an interesting variety occurring south of the Morkeheia
amphibolites, the eyes are made of recrystallized green hornblende. Tt is highly
probable thar these «reverse augen gneissess (Tourer, 1967b) derive from de-
formation and recrystallization of amphibolites or basic migmatites.

— the scharnockitics augen gneisses occur at the southern end of the
Vepirshei (Howdefjell)- and Ubergsmoen (Slertdsheia)- bodies. Their mi-
neralogical composition is in many ways comparable to that of charnockiric
migmatites: bluish quartz, mesoperthitic orthoclase, antiperthititic plagioclase,
orthopyroxene and clinopyroxene, dark green and brownish hornblende, poe-
ciloblastic garnet and highly corrodared and indented crystals of dark brown
to reddish biotite. Retromorphism is indicated by the partial microclinization
of orthoclase (Touret, 1967b) and by the sporadic occurrence of epidore. The
texture is also blastomylonitic, bur most augen are cataclastic and only partially
recrystallized. Two types have been recognized: one is garnet rich (Ubergs-
moen type), while in the other (Hovdefjell cype) orthopyroxene predominates.

The similitudes between the charnockitic augen gneisses and the charnocki-
ric migmatites are obvious, but so is also the gradual rransition between normal
augen gneisses and charnockitic augen poeisses. In the region of Veglrshei
and Ubergsmoen, numerous observations have established the following evo-
lution, which corresponds to an increase of the metamorphic gradient along
the regional strike NE-SW:

snormals augen goeisses — enormals garnet rich augen gneisses —
«charnockitics garner augen gneisses (Ubergsmoen typel — «charnockitics
orthopyroxene augen gneisses (Hovdefjell cype).

As may be observed in grear detail within the Vegirshei body, this evolu-
tion is absolurely gradational; as metamorphic facies is increasing, the rocks
look more homogeneous and igneous, bur always contain many inclusions of
surrounding rocks (older as well as younger group). The tendency towards an
igneous appeatance culminates for the charnockitic augen gneisses, which
occur at Hovdefjell and Sleteisheia as intrusive like circular bodies which
resemble some granitic plutons bur always however remain concordant with
the surrounding migmatites.
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Origin of the Ubergsmoen-Vegdribei and Gjerstad augen gneisses

The Ubergsmoen-Vegirshei and Gjerstad augen gneisses are similar in
many ways o some granitoids which have been described within the Bamble:
the =normals augen gneisses to coarse-grained Bamble granitoids (p. 19) and
the «charnockitics augen gneisses to charnockitic augen migmatites occurnng
at the periphery of the arendalite area (p. 27). It would however be a great
uversimplificarion ro consider that the sugen gneisses are bur granitoids which
have been subsequently deformed and dynamically retromorphosed. The geo-
chemistry of the augen gneisses is different indeed from thar of granites and
granitoids, particularly for Na and K, which vary much more widely in the
augen gneisses that in any other granitic group within the investigated area
(Fig. 5). The main size of feldspars phenocrysts is significantly higher than
in any Bamble granitoid; many K-feldspar appear to have replaced former
plagioclase phencerysts. {Touret, 1967hb),

Several observations indicate that the first deformartive movements did occur
very carly, when the grade of regional metamorphism was still ar its maximum.
During this early deformation, a feldspar metablastesis took place, most prob-
ably under the influence of an alkaline metasomatism carrying the necessary
M™a and K. The cataclastic movements did continue afrer the period of
metablastesis and during the retrogressive evolution and gave the augen gneises
their peculiar blastomylonitic textures.

It is admitted by the author that the alkaline metasomartism resules from a
slow percolation of hydrothermal solutions carrying Na+, K+ and much
silica (Korjinskii’s percolative metasomatism, 1965), In this respece the genesis
of augen gneisses is not fundamentally different from thar of Bamble gran-
itoids, if we accept Marmo's «hydrothermal models (see p. 32). It is however
certain that the alkaline merasomatism has greatly been facilitated by the
specific deformarions which occurred in the domain of the augen gneisses.
The R diaphtorite belt may therefore be considered as a wide zone of specific
muobility where hydrothermal solutions could percolate easily and have remained
petrographically active well after the extinetion of the metamorphic swaves
{see p. 32) in the rest of the basement.

Metamorphic facies of the R1 diaphrorices:
Polymetamorphism is very apparent among R1 diaphtorites, which have
always retained some traces of the maximum metamorphic facies they have
reached (Touret, 1967b). Two metamorphic facies may therefore be defined
for these diaphrorites: a maximum one, which was probably attained ac the end
of the K-feldspar metablastesis, and a minimum one which indicates the end
of the rerrograde meramorphism,
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The maximum corresponds to amphibolite facies (normal augen gneisses)
or hornblende granulite subfacies (charnockitic augen gneisses). It is interesting
to note that they are definitely higher than the meramorphic facies of the
surrounding rocks. This fact consequently confirms Barth’s observations
(Barth and Reitan, in Rankama, 1963) that augen gneisses are formed at
higher temperatures than any other granitoidic rocks. (Barth’s determinations
indicate 680° C as maximum temperature for augen gneisses in the amphi-
bolite facies, very close indeed to the 700° C which have been taken here as
the temperature of the amphibole facies/granulite facies boundary).

Little can be said about the minimum metamorphic facies of the R1 diaph-
torites: the abundance of epidote, the alteration of oligoclase correspond to the
amphibolite-epidute facies (Barth, 1962, Ramberg, 1952), bur the absence of
any aluminium silicate polymorph, due to the alkaline metasomatism, makes
it impossible ro determine precisely the P-T conditions of the retrograde
metamorphism.

The end of the cataclastic movements: the R2 diaphtorites (greenschist
facies retrograde metamorphism) and postmetamorphic rocks
The R2 diaphrorites

The R2 diaphtorites occur as a fracture net which dissect the whole base-
ment into grear rhomboidal slices (Selmer-Olsen, 1950), but are best exposed
along the «Great Breccias as important (10 to 100 m. thick) layers dipping
roughly 40-30° SE. The wvery fine grained rock is reddish (hemartitej or
greenish (epidote), highly jointed and sometimes banded. Near the mylonites,
the migmatites are intensely deformed by complicated small-scale folds which
are due m several phases of folding and are truncated by the mylonite bands.
Under the microscope, rests of cataclased minerals (mostly feldspars) appear
in a very fine grained and hardly recognizable quartz rich matrix where
typical greenschist facies minerals occur: chlorite, muscovite, actinolite. Epidote
and hematite may be very abundant, rourmaline is common and fluorine has
been found in one exposure along the southern coast of Vestfjorden. In or
near the mylonites numerous hydrothermal quartz dykes occur. They contain
sometimes very big crystals of actinolite, dolomite and caleite (Seldsvatn).
These dykes may be so imbricated that they produce true quartz breccia, as for
example between Mo and Gjerstad.

In southern Norway, a much debated problem refers to the relative move-
ments on both sides of the «Grear Breccia» (Barth, in Holtedahl, 1960, Elders
19633, Mumerous traces of movements (slickensides, lineations) have been
observed, but they are superficial and very difficulr to interprec in the very
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complex general structure. Most measurements indicate however a relative
downwarping of the Eastern Block (Bamble), which is in agreement with the
conclusions of earlier workers (Elders, 1963, Selmer-Olsen, 1950). Bur the
study of Vegirshei and Gjerstad augen gneisses has shown thar the region
of the «Great Breccias corresponds to a very early zone of tectonic mobility
which has remained active throughout the geological history of southern Nor-
way and has suffered many phases of deformation. The R2 movements are
very late and did occur ac a relatively shallow level of the Earth crust, They
may consequently have no relationship with the earlier and deeper movements
contemporaneous of the R1 retrograde metamorphism, which are more in my
opinion in the opposite direction, in order to bring in contact the deep cata-
zonal Bamble -and rthe mesozonal Telemark migmatices.

The postmetamorphic rocks: dolerite dykes
and albite-carbonare breccia
Within the investigated area, rwo types of intrusive or extrusive rocks did
occur after the end of meramorphic evolution and are obviously related o
some of the R2 mylonites (Barth, in Holtedahl, 1960, Barth and Ramberg,
1966): dykes of dolerite and an explosive albire-apatite-carbonate rich breceia.

Dolerite dykes

Most dolerite dykes occur along the Skagerak coast, but some have also
been found in the whole Bamble and even in the southern part of Telemark:.
Their mineralogical composition is rather variable: most rocks accurring along
the coast contain abour 50 9% plagioclase (zoned labradorite An 50-70) and
30 % dark minerals: brown hornblende and augite (Barth, in Holtedahl,
19600, while new occurrences found north of the «Grear Breccias (south of
Vallekilen, east of Nesknollen) are very basic rocks indeed with augite and
brown hornblende as only phenocrysts in a subaphanitic matrix. Iron ores are
very abundant, The groundmass is more or less altered into chlorite, serpen-
tine and hydromicas. Vesicles filled with calcite, zeolithes, sometimes quartz
are common, Some dykes (east of Nesknollen) show a distincr increase in
grain-size towards the middle of the dyke while others (Vallekilen, east of
Mesknollen) present a conspicuous orbicular texture.

The age of these dykes remains still an open problem. Basic intrusions of
permian age certainly occur towards the border of the Oslo diserict, but it
would be highly speculative to extrapolate this age to the whole southern
Morway. Recent paleomagnetic determinations in the region of Egersund have
given terriary ages and show that basic intrusions may occur within a wide
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time range (Storetvedt, 1966). It is therefore interesting to note thar the
themical composition of basic dykes exposed near Veglrshei is tholeitic and
close to the one of other premetamorphic basic rocks (Fig. 2), thus indicating
a remarkable constancy in the composition of basic rocks during the whole
history of the region.

The albite-apatite-carbonate breccia

An albite-apatite-carbonate-bearing explosive breccia has been recently dis.
covered along the road Ubergsmoen—Vegirshei, 1 km abour north of
Haugland bridge, and is in my opinion related to the fault which bords the
lake Hauglandsvatn. The breccia is exposed on about 200 m, in orthoamphi-
bolites, as an intricate net of 2-3 ¢m rthick veinlets made of clouded albire,
calcite and apatite. The wveinlets grade into larger green and pink patches
which contain great amount of apatite, sometimes in beautiful idiomorphic
crystals and some calcite. Idiomorphic ilmenorutile, rutile or amphibole may
also be present. Amphibolitic fragments in and around the breccia are conspicu-
vusly altered: replacement of plagioclase by small muscovite, chlorite, epidote
and calcite, neoformation of actinolite, albite, chlorite and calcite,

The Haugland breccia is likely to be due to an episode of explosive volcan-
ism and may therefore be compared to the numerous explosion sites described
in southern Norway, the most famous being at Fen (Telemark) (Barth and
Ramberg, 1966). The similitudes with the Fjone «calcite syenite» (Dons, 1962)
are also obvious. Another breccia which was probably of a comparable rype
has been mentioned by A. Bugge (1934) on the southern shore of the lake
Vegir (Renncsund), but due to the bad quality of exposures could nor be
found again by the present writer.')

The age of this explosive volcanism remains rather uncertain, The Fen car-
bonarites are berween 565 and 603 millions years old. Tt has been supposed
{Barth and Ramberg, 1966) that all carbonate rich explosive breccias were
more or less contemporaneous and consequently related to the development of
the caledonian orogeny.

Acknowledgements
The writer is indebted to Professor Tom F.W. Barth for suggesting the area
for the present investigation and for many helpful discussions and advices,

1) This exposure has been rediscovered during the summer 1968 at Degernes and
appears o be an intrusive plug of ultrabasic horablende peridocie. (Nowe added in
proaf).



42

and o Professor M. Roubault, who directed his work in Nancy. He would also
like to thank Fgrsiekonservator J. A, Dons of the Geologisk Museum (Osla),
who took interest and spent much time for this work,

Field expenses were partly supported by the «Centre National de la Recherche
Scientifiques (Paris) and the publication of this paper was made possible by
the N.G.U. and its staff, particularly Mr. F. Chr. Wolff, whose help are grare-
fully acknowledged.

Several unpublished field observations concerning the coastal areas were
mentioned to the writer by O. A. Christophersen; all chemical analyses were
performed in the CR.P.G. laboratory (Mancy) by Dr. Govindaraju.

References

MN.GU. = Norges Geologiske Undersekelse,
MN.GT. = MNosk Geologisk Tidsskrife.

Alehgus, E (1967): The triple point Andalusite - Sillimanite - Kyanite, An experimental
and Peteologic study, Contr, Min, Perr, 16-1, p. 29-44,
Awbowin, I (1965} Geosynclines. Dev. in Geotectonics, Elsevier, 325 p.
Barré, T F. W, (19535 Temperature de formation de certains granites précambriens de
Morvege méridionale. Sciences Terre, Nancy, hs., p. 119178,
— in Heltedab!, 0. (1960): Geology of Norway, N.G.U. no. 208, p. 1-67.
- (1962}: Theoretical Petrology. 2nd. Ed., John Wiley Sons, 416 p.
Barth, T. F. W. and Reitan, P, in Rankawa, K. (1963): The Precambrian of MNorway.
Interscience Pub., p, 27-80.
Barth, T. F. W, and Ramberg, 1. (1966): Bocambrian volcanism in Southern Morwey.
MN.G.T,, 46-2, p. 219-237,
Belomssow, V. V. (1966): Modern concepts of the structure and development of the
Earth's crust and the upper mantle of continents. . J1. geol. Soc. London, 122,
p. 239-314.
Brock, 0. A (1964): Age determination of Norwegian minerals up w0 march 1964,
MN.G.U, no. 228, p. 84-113.
Bragger. W, C. (1934): On several Archean rocks from the Soeth coast of MNorway:
I. Moddular granites from the environs of Kragerg, Vid.-Selsk, Skr. 1, Mae.-MNat.
Kl no. 8
Bugge, A (1936): Kongsberg - Bamble formasjonen. N.GU no. 146, 117 p.
Bugge. J. A, W. (1940): Geological and perrographical investigations in the Arendal
district. N.G.T., 20, p. 71-111.
—_ (1943): Geological and petrographical investigations in the Kongsberg-Bamble
formation. N.G.U, no. 160, 150 p.
Den Tex, E. (1963 ): Metamorphic lineages of orogenic plutonism. Geol. en Mijnb., 44-4,
p. 105-132,
Den Tex. E and Vogel, D, E (1962 A granulit-gebirge at Cabo-Ortegal (N W, Spain).
Geol Rund., 522-1, p. 55-112.
Digrrick, B. V. (1959): Banded pneisses of the Randesund area, 5.E. Morway. N.G.T.,
40, p. 13-63



43

Digerick, B. V. and Mebnert, K. B. (1960): Proposal for the nomenclanere of migmatites
and relared rocks. Proc. 21st Int. Geol. Cong. Norden, 26, p. 56-63.

Diplign. 5. (1960): Avenwrine plagioclases from Norwegian pegmarites. Proc. 21se Int
Geol, Cong. Norden, 17, p. 94-101,

Dons, J. A. (1960): The stratigraphy of supracrustal rocks, granitizadon and tectonics in
the Precambrian Telemark area, Southern Norway. 21st. Int. Geol. Cong. Noe-
den Guide Excursion A.10, p. 1-30.

— (1962): The Precambrian Telemark area in Southcentral Morway, Geol, Rund.,

52-1, p. 261-265.

Elders, W. (1963 On the form and mode of emplacement of the Herefoss granice.
MN.G.U. no. 214, p. 1-52.

Illiors, B, B. and Morton, R, D. (1945); The nodular metamorphic rocks from the
environs of Kragerg, South Coast of Norway, MN.G.T,, 43-1, p. 1-20.

Eskols, P. (1949): The problem of manted gneiss domes. Q. Jl. of Geol. Soc. London,
40, p. 461-476.
— {1952): On the granulites of Lapland, Am. J. Sci., Bowen vol, p. 133-171.
Gates, B. M. (1967): Amphibolites; syntectonic intrusives. Am. J. Sci., 265, p. 118-131,
Cedjer, ., in Rankama, K. (1963): The Precambrian of Sweden. Interscience Fub.,
p- B1-144.

Heier, K. 5. (1957): Phase relarions of potash feldspars in metamorphism. Jour. Geol.,
65, p. 468-479.

Hafserh, B. (1942); Geologiske undersgkelser ved Fragerd, i Holleia og Troms. N.GU.
no:- 137, p. 11-35.

Holtedabl, 0. (1953): Norges Geologi. N.G.U. no. 164, 1117 p.

Holtedabl, O, and Dons, [ A, (1960): Geologisk kart over Norge N.G.U. no. 208,

Jung, 1. ev Rogwesr, M. (19621 Introduction & 1'éude zonfographique des formations
cristallophylliennes. Bull. Serv. Carc. Geol. Prance, 235-30, p. 1-62.

Koriinrdii, D, 5 (1965} Abriss der memsomatischen Prozesse. Akad. verlag, Berlin,
195 p.

Lacroix, A. (1889): Contribution 4 'étude des gneiss 4 pyroxéne et des roches & wernérires.
Bull. Soc. Fr. Minéralogie, 12, p. 83-350.

— (1923): Minéralogic de Madagascar. Chelland Ed., 3 vol. 2, p. 239, 3, p. 162

Legke, B. E. (1964): The chemical distinction berween ortho and paraamphibolites. Journ.
Petrology, 5-2, p. 236-254,

Malarods, B. (1946): Revizione ¢ aggiornamento della sistematica delle wewoniti a de-
formazione post-cristallion. R.C. Soc. Min. Iralia, 3-3, p. 150:171

Marmo, V. (1967): On the granite problem. Earth-Sci. Rev,, 3, p. 7-29.

Mickor, P. (1960): La géclogie de la catazone: le probléme des anorthosites, la palin-
genése basique er la rectonique catazonale dans le Rogaland méridional (MNor-
vege méridicnale). 21st Int. Geol. Congress MNorden, Guide Exc, A9, 54 p.

= {1961} Struktor der Mesoperthive, N. Jb. Miner. Abhk., 96 - 2/3, p. 213-216.
Woe-Wygaard, A. (19355 Comparaison entre les roches grenues appartenant 4 2 omgénies

précambriennes  voisines au  Groénland. Sciemces de la Terre, Mancy, hs.
p- 61-73.



4

Palm, 0. A. (1954): Vaugnérites et amphibolites, deux tvpes de roches amphiboliques
dans les Cévennes Médianes & la hauteur de Largentiére {Ardéche). Bul. Soc.
Geéol. France, 6-4, p. 627-641,
Ferrin, B. et Rowbanlt. M. (1937); Les réactions & 1'étar solide et la géologie. Bul. Serv.
Carte Algérie, 5-1, p. 26.
Ragwin, E. (1937): Géologie du granite. 2nd Ed., Masson, 282 p.
Ramberg, H. (1952): The origin of metamorphic and metasomatic rocks. Un. of
Chicago Press, 317 p.
Reitan, P. (1936): Pegmatite wveins and the surrounding rocks. N.G.T., 36-3/4,
p. 214-234.
Schrever. W. and Yoder, H. § Jr. (1964): The system Mg-Cordierite — Ha0} and
related rocks. ™, Jb. Miner, Abh., 101-3, p. 271-342
Sebuiling, R. D (1965): Residual cipolinos: end products of calcareous rocks in regional
metamorphism. N.G.T., 43-3, p. 303-315,
Selmer-Olsen, T. (19507: Om forkastninger og oppbrytningssoner i Bambleformasjonen.
M.GT, 28, p. 171-187.
Smithion, K. B. and Barth, T. F. W. (1967): The Precambrian Holum granite, South
Morway. N.G.T., 47-1, p. 21-35.
Storerveds. K. M. (1966} Application of rock magnetism in estimating the age of some
Morwegian dykes. N.G.T., 46.2, p. 193-202,
Subramanian, A. P. (1959); Charnockire of the type area near Madras, a reinterpretation,
Am. L Bci, 257, po 321-353,
Termier, H. et Termier, G. (1956): L'évolution de la lithosphere. 1. Pétrogenése,
Masson, Paris, 498 p.
Tomret, J. (1962): Geological studies in the region of Vegdrshei—Gijerstad. NG
no. 2216, p. 120-139.
- {1963): Sur la coexistence de microcline et d'orthose dans certain gneiss
ocillés de la région de Vegirshei (Norvége méridionale). C. B. Ac. Sci. Paris,
256G, p. 2885.2887,
- (196%a): Sur une coupe synthétique & travers les formations précambriennes
de la province de Bamble entee Tvedestrand et le lac Vegle (5. Norvige),
C. R Ac. 5ci. Paris, 260, p. 6652-6655.
— (1965b): Structure des gneiss oeillés du massif de Vegirshei (5. Norvége),
C. R. Som. 30c. Géol. France, 3, p. 104-105.
- (19660 Sur l'origine supracrustale des gneiss rubanés de Selis (formation de
Bamble, Morvége méridionale). C. R, Ac. Sci. Paris, 262, p. 9-12.
- (1967a): Sur la présence de mangérite 3 fayalite au NW de Gjerstad {Norvege
méridionale). C. R. Som. Soc. Géel. France, 6, p. 252.
- (1967b): Les gneiss oeillés de la région de Veglrshei—Gijerstad (Norvége
méridionale). I. Etude pérrographique. N.G.T., 47-2, p. 131-148.
Turner, F. [ and Weiss, L E. (1963} Strucrural analysis of metamorphic tecronires,
McoGraw Hill, 545 p.
Tuele. ©. F. and Bowen, N. L. (1958): Origin of granite. Geol, Soc. Am. Memoir, no. 74.
Wegmann, C. E. (1935} Zur Deutung der Migmatite. Geol, Rundschau, 26, p. 305,
Wegmann, C. E., in Holtedabl, 0. (1960): Geology of Norway. N.GU. no. 208,
p. 6-T.



45

Winkler, H. G. F. (1965): Die Genese der mesamorphen Gesteine. Springer Verlag,

218 p.
Wyart, J. and Sebatier, G. {1959): Transformation des sédiments pélitiques 4 800° C

sous une pression d'ean de 1800 bars et granitisation. Bul, Soc. fr. Miner,

Crist.,, 82, p. 201-210.
Zewart, H. 1. (1967): The duality of orogenic bels. Geol. en Mijnbouw, 46-8,

p. 283-300.

Manuscript received in December 67,






¥
L

[ :I itk
# .".‘
(I

; 'if“'."h. d;

CARTE GEOLOGIQUE DU SOCLE pRecAMBRIEN AUTOUR DU LAC VEGAR

GDER. NORVEGE DU SUD)

-A

J. TOURET (1967

(DEPARTEMENT D'AUST

s lll'l'l!.ﬂ
=

-

.
Aty
o

£ T

AL e
s |-";l|"|‘r"'
|"i.l|'1

FAR

e Y
-
s
ol
e

! 5 o
g™ iy :
'\.}\“ -. \‘."\" L bt -.\_H-E'
s | B a2 i
II'_" S 3 Dttt
s

By

3

(] i '|I

LT wl L )

=g R _..-;,-_::___ Pl s

JUVE a3 T AN e i e =l
o e

|'.I|'||I I.-\“-\-;i-"' B A

E, ot
A e T,
R T O
i N T
r =Tt

i A

: T i e, T

i S )
S

i

: el

L .

= .-':".-"__.- S
i B e Ay

e

ALY RER
| 1

)

L

..__.-:._ "

i‘:.j][:
Py

v
N

i

, T

o Gl A

o

i

e

-
it S

Moy
® 8o,

L

2 |,'|."..

.-""i"

Wlan e

R -
e A

e

=

Sehdma @'ensemble du

o,

i
¥

l.'

I

Wt
w il Fy
i

{1
L}

&
[
L}
oy
LI

o

KrEiBngasd |

8

[iapras, SCHMADT 1988}




N[

"t

\

IR
3
aoE

-
(-
NN

LEGENDE
DIAPHTORITEE Rl (RETROMORFHOSE DAMS LE FACIES SCHETE
VERT) Ef ROCHES IONEES MON METAMORPHIQUES.

RE DIAFETHORITES (GREEN SCNIST FACIES RETROGRADE META-
HORPHISM) AXD POST-METAMOEREPHIC IGNEDUS ROCKS

&2 Briche d'explosicn & alhite, anatite ot cleile, o ultrabasits intnsfo,
Albile, apatife ond colcile explonion bracera, and Imfrosive ulirabasila,

dl: Filans de dolérite gt dabase postmdtamorphiyoes
Popb-mmefastorphis dolerite axd digheer dpkes,

0 Fiany hydmthsremng & agtinolite, delomite o1 quaniz
Hypdradhermal dyker condpizing sciireelite, doliosite and guariz.

2): Bréche doclgine tnctonigee & clmant do gearts,
Tachom(e querfs brdfcio,

38: Mylosdies o la «Cirande Bibkches
slFreal Brescios seplanidas,

DIAPHTORITES Rl (RETACOMORPHOSE ATTEIGHANT LE FaCIEs
AMPHIBOLITE-ERIDOTE),

Ri DIAPHTHORITES [EPIOOTE-AMNPFHIBOLITE FACIES RETROGRADE
METAMORPNISH).

AT Ometes oelllds cpesmauss & texfure blostomyloniclges des massifs dis
Vegdrshel, Thergeeen ob Ojeratad
Blostomploniblc snormals supen gredisds of Vegdrahel, Uberprmiss
#nd Giererad.

36 Gnelss callbdy «ROTMALKE:, TOEHES O BEENALs
aormade axsen gHeises EUER perHats.

35 Onelas oefllés snorsanxs micraplbalés
AMierajolded snormals aupes ghelises,

B adntignedsy calllds ¢ gnielis sl Bastamylondtigues dians leaguels
Ia plupars des - yeExe sons constltuds par des phénotlastes de homm-
blende verts,

R e Supin g bl B amgen Forlsscs whive Mt
#prs are made of grean sornblende

33 CGineles o=l charnockitiques &€& Uherpsmoen {voriésd o grenat &t
hombberds weetnd,

Thargamoei clearnockitic oogen pnels jgarsel. green horeblende),

38 Gnelss ocfllé eharnsckiblges de Howdefiell (raride 4 pyroxing
orthoctiombique et monoclindgme et horeolends Terce)
Mevdefiell charnockitic eugen guelss fiedch ortho= and clinergroseny
and greei hormbliade ),

31! Mipmatiies polymélamorphiques. Bées & In réddsomarphcss RL

Folpmgfemorghic mipmoitler rafoded o tee BI redrogrode metas
morphinm,

MIGMATITES ET QRANITES LIES A L MIOMATISATION REGIOHALE
A | MILLTARD o AtiEES. (GROUPE RECENT).

MIGHATITES AND GRANITES RELATED TO THE I BILLJON YEAR
OLD REGIONAL MIGMATIEATION [ YOUNGER GROUF).

&) Hiveau de métamorpiissme réglonal correspondant ki Taglis
nmphicolite (mdsoeons & cilaenns superienre].

Ampkibolite fasies ririeme!l metzmarphiag (Ferene (0 2T
oatazome).

1t
.

M Pogmatibes. en gisdeal & mbcrosking, parfols & texture graphiges
(Bl certnlen flons parmil bes plus importants ont éud reprisenbés).
Ahlerocding=rich pegmabiles, seeeridesed graphde [Only soma of Fhe
muore gesparfend dpket hae been Indicated).

23 Diorite et gransdioeits oriesités da dome ge Kaskmodlen,

Orientated diorite and granodiorile &f the Nesimollem dome.

=3 Diorite et groscdiorite micropllssotés du dome de Neskeollen, {Pls
dchidls oenilmidsicse),

Microfelded diorile a=d grenadiorile of the Nesknollen ddma, | Fofds
of cendimedra scala).

27: Migmaiites basiques & cordidrice de Tredestirnnd, slbudes sn Bordure
da domaloe des eBnrnoeicl ies.

Proedeartrend cordierdle basic migmabites, on the border of ke
charnockits anen,

an; Omeiss & cordléribe-aniophyiilte.
Cordiariie-grthophgiicte onalsr,

23; Migmagites oeillées du Telemnrk (embréchiiea oeillies].
Telimerk suprs mipmadifes,

34 Geanites nidmlitiques du Telemark; en généml & grale fin.
Tefemark nebulilc prondfes, peorradly fise-preined,

23; Graaite ndbulitigues du Telemark, varidld S'Amil {graniis lsucasrate
& magnétite),
Tefemark nebuliiés grondre of the Ami fppe [fine-grainsd magaritie-
braring fepcocrodic prandls)

2% Ormpiboides de Basblie {granites, granites monzondbiques s grase-
diorites, peephyroides, & texture plis oo molas orleniée).
Beehli £ & d grasiles, mofzonilic graster and
Franodiorides, move or des orientated ),

X eQienpdiels de Hel; granile porphyroids & snkpnolile.
Hall ofranilels; conrae-gratand maognaiidic grozide

20: AmphibciSies mobibisbes ot parfols surmicicies di Telemarck
{mugmérites).
Telemark swpkiboliies, mobifised and Sdoddte-rich framgmericesk.

18 Mig=nabites sibeglitiques da Telemark, recoupdes par de nombreux
fioms grasnliiques.
Teleswark nebulitic migmatites with namercss cross=cutiing grandbic
dakes,

18: Agmatibes.
Agmatifes

17: Migmeatites rubanded du Telsmork, noon différenclides |sirosiiles
h dicty & m nt de composition exsentisllement

granisyoe; nombreux flons séennis de granite du Telemark,
Uadifferentioted Tefamark barded migmetites (stromatides do disdys
aifdes with an ghundeol and mondlfy gremibic seoomas; fuEmeroe
crasg-cntiing Telemark praritio dykes).

§0; Mlgmotiles rubaided du Telemorr pllssoties (piis dbebeibe diéel-
malrigque & métrigue)

Foddad Telemark bamsed ssiomoldler {Jolds of declueln (o sedre
SadE ).

§G: Migmatiles rubandes du Bambbe, non difféseincites |eodomigia-
iites h stromatifes & néosome peu abondant et de compositinn essenkl-
alldment gracmetiorihque; pia de (ans grankigues dbeanlal,
Frdifferenddzlod Hasthle bended mipmofides Jendosigmaiiies fo
sfronmatites with & rcarce and monddy grasatioribic sfdiome; oo
crosr-cadding grandbic dupkes)

it
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14 Migesatibes rubandes du Bamble, piissobées.
Falded Bombde Bonded migmaoiites.

13 Migessiiter sdvolaéess du Namble (stromatites § dietyunttes). Blen

que Sréds sabjectil, be edegré d'¥valutions des enigmakibich Eesting
Ulmperianc melntive de séosame par rappoel ay palicenme. I est
1ed pruportioneel & 'sbesdance des trafts touges dans le figusé des
migmatites rubkndes do Dambde,
Bamble crzolpeds migmatiter Sefrometites fo dicfyondies). The
sdagree of evsfitlons, whlth & pery subjectivs, 15 roughly propar-
tonal to the refadive sweound of neorome perEes pelecaome. [F I
shown here By the demsity of red slrckes im fhe Bamble busmded
mipmatides spmiol.

B) Riveou de milaserphizme rigioral corrspondant an faclés granaliis
{wabfaclés bornblende geasulite) — Catazons profossdi
Hepional melgmorphism f= fhe propulile facles fechjacies koarn-
blende-granulite) — Drep catasond.

Mangizite & fuyallis an enciave dans 1es amphiBolides de Blosikehsls.
Fapailte-hearing sangerits soourring a3 Tenolith i the Morkehels
amphibaliles,
I: Coarnoekitéa pesphyroldes asssclbes nux granliofdes de Baswls
dans 16 zone de iransition des arendaiites
Cozrep-grained charnsckites mired with Bamble grasiiolds i fhe
border zone &f the arendadites.
I0; Mipmntites ebarmockitigues non différenciies (arendalites).
Endifferentinled shernovkiiic migmariter (eresdsidas),

ROCHES SUFRACRUBTALES ANTERIEURES A LA MIGMATISATION
REGIONALE & | MILLIARD IrANNESS (QROUPE ANCIEN),

SFPFRACRUETALS OLOER THAN THE ! BILLIMN ¥EAR REGIONAL
HIGHATIZATION [QLDER OROLP).

9: Amphibolltes, scavent & gresdia, dorigine IndMermings.
Ampribolites of undaterseined aripin, gormeds ceTy cOTEmMGon.

8 Orthoampidbolibes (freecs de toxtare opidbique visibles oo mbero-
SLOpE).
Crihoampkiboliie: {Freces of ophitic temiure under the misroscsge |

T: Cabbres d ollvisse ol coroniles (hypérites).
Diisine pabhnge wifh coresites [Rgpdrides).

E: Onelss gebies i graln fin, probablement ancienmes reches voleaniques
nciis ¥e pont comnes gue dang ke desaing dy Telemark, so Mord
de o «Grnesde Brichas [8-W de Morkehain).

Fine-grafmed sl gunelises, probabiy older aokd solcanics. Thay ooses
afily dn ke Télemark arem, morth of the oOneal Frecedar (5-W
of MorkEehola).

%: eCipolims résidociss: rockes flnement gremues. Tiches 5 quarts,
eonbenknd des glficates calolques: diopside, greeat ealelqus, &nocthits,
Wpldote trks abondante dans be desing dim disphiorises BL st BRE:
22 alpaliag & exlele primakre, diopeide et parfols graphite (o 'affear-
ans ga'en bordure du SkRperaic). 8 skarss 4 kndradibe-hédenberglte.
sfterideal cipolingss: fine-groieed guaric-rich rocks, contaiuimg
ogic-slliceras: dlopside, calels parnel. auorthife, muchk epidote ix
the domnix of the dicphbboriies B ond RE o edpodinas contaiming
Fremary maiciie, dlopside, semgiimer graphkile (ihere orenr oniy slong
the Ekeperak coasd) x: ondredite-hadenbergite tharns,

4 Opelss rubanis de Selds: midagmowackes ayrel eonmarve bes trases
d'une anclenne skdimentatlion rrthmiges,
Sedds bended gneisses; melogragnackes with races of & primary
rhgtieic fagering.

3: Pamgnelss & graphibe: pnetss Bmement grenos, soeeent ailéoes st de
eoulsur jaundtre, & graphite ol biokle noaxseciations orlentées,
sliimandie & grepats

Grapeiie prrageeiesss’ fiee-grained pelfoudsh grsisses, ofien oeat-
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slilimenidn, Misoorite primalre oo Moed de s ligee Ubssgemosn-
Hundebru {isograde de b muscsvite)

Guariziles, more oF lead fefdrpatiic, aflen contgiming Biofite or
blofife-filimanild, Primary muscouite norch of & lire Fherpimorn-
Famdebrn fmUSCODite (Fogroade).

Imprmie gor e Service Gilegigue de Norvige (Morges peologiske
undersakelse),

J. Tourel: The Precombrios seelemorphic rocks aroend fhe [aks
Vapdr (dust-Apder, Southarn Noroey), NG 257,
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& Irfliees mindrallits s anclenmes exploltations minléres:
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Fb: galepe Fi | magmndtite T1 - rotdle

Fand tgupraphique $apeds In carle Sopographigoe de Horvdge & 1'%cthielle
150000, Feuffles 1612 1, 17, TIT et IW.

Topography after dke fopographice]l map of Neormay racabe 10500005
At dBF2 F, I, TIT &nd IV,

Synthise péelegigque par J. TOURET {196Y] d'apris ser lavés persomnels
[LEG3-1960) =t Pes travmux o BARTH, T.F'W. (196]). BUW3OE, JAW.
[I043), BUMIE, A (1038), ELDERS, W, (181}, HOLTEDAHL, O. &
DONE, J. A. (1300), SELMER-QLEER, B, (1334]). Renselgnaments 1péales
de @), i, CHRIBTOFHERSEN &t & PLOGQUIH.
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