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Geological mapping in the migmatite complex near Lyngdal has demon
strated the significance of major rock units, designated lithostructural forma
tions, as principal divisions of the complex. Conformable granitic gneisses 
and banded gneiss series form the oldest part, in which augen gneisses ap
parently developed by partial anatexis and feldspar blastesis prior to deforma
tion. Late granitic intrusions finally transgress the polyphase folded complex. 
The metamorphic environment is high-grade, showing transition between 
upper amphibolite and granulite facies. Three metamorphic zones are rec
ognized where the isogrades Hy-in and Hbl-out indicate increasing meta
morphic grade towards south. Mineral assemblages suggest total pressures in 
the order of 6-7 Kbar and a regional temperature between 700° and 800°C. 
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Systematic mapping in the Precambrian of southern Norway has confirmed 
that the migmatite complex of previously undifferentiated gneisses and 

granites (Barth & Dons 1960) may be subdivided into separate lithological 

units which often show well defined border relations. However, strong 
migmatitic infiltration often obscures the spatia! relations between these units, 

resulting in apparently very complex patterns on the map. 
The rocks of the Lyngdal area have, as many other basement terrains, lost 

all 'primary' structures back from a certain stage, due to thorough meta
morphic and tectonic transformations. It is therefore obvious that simple 

lithological analysis of the complex has a limited scope regarding the 
characters and origin of the initial material. Additionally it is a common 
experience when mapping in migmatites that variations in lithology are often 
considerable both along and across the strike of foliation. 

To perform a structural or metamorphic analysis of such an area it is 

convenient to divide the complex into larger lithological 'main' units, from 

which further detailed study may be carried out in selected areas. Secondly, 

it seems convenient to consider the rock succession as conformable, although 

this of course does not mean that the 'initial' rocks necessarily had these 

characters. However, the presence or absence of non-conformities is often the 

limiting stage which may be reached in the structural evolution of such a 

gneissic terrain, evidence of earlier events being obscured by metamorphic 

and tectonic transformations. 
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Consequently geological mapping of these rocks has promoted the use of 

major-unit divisions, termed lithostructural formations in the initial geological 

analysis of the area. 

The term 'lithostructural formation' is here suggested for a rock unit which 

is characterized by a certain lithological composition or a characteristic 

variation and which structurally defines a restricted and continuous level in 

the rock series. The essential difference between this and 'lithostratigraphical 

formation' is the lack of lithogenetic unity in the former. 

In migmatites it is often not possible to indicate with any certainty the 
early stages of evolution of the rocks, due to lack of primary structures. 

However, the structural geometry may link the different parts together. 
At more advanced stages of the analysis it may be convenient to consider 

the single formation, and subdivisions of this, to reach further conclusions 

as regards the origin or evolution of the series. 

The area studied is made up of few lithostructural formations, among 

which pink gneiss, augen gneiss and banded gneisses are the essential (Fig. 1). 

However, it should be noted that within a certain formation, lithological 

variation occurs, but this variation should be a characteristic and integrated 

part of the formation. When transitional borders are found, the boundary 

is set on a reasonable estimate, although this should be relatively well defined, 

in order to make correlation between different parts of a mapped region 
meaningful. 

One purpose of this paper is therefore to describe the significance of larger 

lithostructural units as subdividing elements in the geological analysis of the 

basement complex. 

Field Relations 

Pink gneiss 

The field name 'pink gneiss' (Falkum 1966) actually covers a range of felsic 
gneisses, showing similar mineralogy and fairly good foliation, but with 
varying textures which characterize different types (Fig. 2). 

A general impression of the pink gneiss formation is that of a very homo

genous series of granitic biotite gneisses where transition between several 

types has been observed. 

Inclusions are, however, generally rare; two or possibly three narrow 

horizons of mafic gneisses occur, often strongly migmatized, and difficult 

to follow over long distances. 

In the southeastem corner of the map banded gneiss is discordantly cut 

by pink gneiss, obviouly due to local mobilization of the latter. The texture 

in this region and along the southem part of the mapped area is characterized 

by reduced grainsize, and a granular texture causing a very faint foliation. 

The outcrops of pink gneiss are symmetrically distributed on both sides 

of the central augengneiss antiform, and can be viewed as the cores of two 

flanking synforms (Petersen 1973b), (Fig. 1). 
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Fig. l. Geological map of the Lyngdal area. The reference grid is in accordance with 
NGO map sheets 1:50,000, with l km spacing. 

Augengneiss 

The central part of the area is made up of a medium-grained gneiss-forma

tion, designated Leland augengneiss. It is exposed in the core of a large 
antiform, which appears as a v-shaped body, the result of refolding. 

The augengneiss is a medium-grained (2-4 mm) reddish gneiss with large 
alkali-feldspar megacrysts forming 10--30 o/o of the rock. Megacrysts com
monly measure 3-4 cm, but single crystals up to 7-9 cm have been observed 
in the central part. The augengneiss usually appears as a relatively homoge-
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Fig. 2. Homogeneous, granitic biotite gneiss, referred to as augen-textured foliated pink 
gneiss from Dovreheia. 

neous gneiss or granite, but occasionally the rock shows a distinct layering 

caused by concentration of megacrysts in zones which alternate with thin 

melanocratic parts. Elongated mafic inclusions, commonly several hundred 

metres long, are seen in almost all parts of the augengneiss, becoming pro

gressively enriched towards the northeast. These banded gneisses are always 

thoroughly migmatized. Development of augengneiss, sensu strictu, is con

fined to the limbs of the structure; in general planar fabric is indistinct and 

resembles L=S fabric of Flinn (1965). Megacrysts in the central region are 

large and rectangular, their cores showing a darker purple colour than the 

marginal parts (Fig. 3). 

Pegmatites are frequently found within the formation, as well as numerous 

aplites which often occur as veins or larger aplo-granitic patches. The con

tacts are everywhere conformable to the regional foliation. It is, however, 

important to note that although pink gneiss normally is the adjacent rock 

along the 'upper' boundary, without trace of mafic or banded rocks, an im

portant exception occurs in the western part (loe. 91-53). Here banded 

gneiss is seen wedging in between pink and augengneiss. Reconnaisance in 

the area to the immediate west revealed that the augengneiss here is bordered 

by an extensive banded gneiss formation and thus suggests the presence of 

a prekinematic discordance. 

The culmination of the Audnedal antiform at Konsmo (loe. 03-61) 

reveals the structurally, lower boundary of the augengneiss, where a grada-
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Fig. 3. Alkali feldspar megacrysts in weakly foliated Leland augen gneiss. 

tional transition of a very complex nature towards banded migmatitic gneiss 

is seen. 

The contact between banded and augengneiss is here observed as a 

thoroughly migmatized transition zone, where the leucosome contains alkali 

feldspar megacrysts of apparently identical mesoscopic appearance as those 

from more homogeneous parts of the augengneiss. Additionally, it is 

frequently observed that the megacrysts seem to grow into the melanosome 
portion (paleosome) and occasionally penetrate this. Also these megacrysts 

have the same appearance as those in pure augengneiss, and thus indicate 

that at least part of the augen gneiss may have generated by partial anatexis. 

Banded gneiss 

Banded gneiss is used as the lithostructural designation of conformable mafic 

gneisses, showing considerably different characters. Traditionally the term 

'banded' has been applied in the literature (e.g. Dietrich 1960, Berthelsen 

1960) rather than 'layered', and therefore is also adopted here. 

The dominating character is a 'banding' of the rock, formed by alternating 

dark and light layers. This appearance is, however, affected to varying 

degrees by more or less thorough migmatization. Additionally the rock often 

appears to be heterogeneous with respect to both mineralogy and texture. 

The problem of classifying these rocks has suggested a nomenclature based 

on content of mafic minerals (colour-index) as useful, and five types were 

distinguished, in order of decreasing mafic content. 
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As the banded gneisses are often migmatized in addition, a nomenclature 

following migmatite structure (e.g. as proposed by Berthelsen (1960b) or 
Mehnert (1968)) can be added to the chosen classification. The field work, 
however, has shown that a nomenclature based on migmatite structure alone 
is of doubtful value when extended beyond individual outcrops. On this scale, 

however, structural variations are valuable, as these can be treated quantita

tively on a regional scale, occasionally revealing more general implications 

not immediately apparent from single observations. 

The banded gneiss formation in the northeastern part of the map, named 

Audnedal banded gneiss (Thomsen 1972), shows a regular banding of dark 
and light layers in cm-dm scale. The single layers exhibit a high degree of 
concordancy, but occasionally mafic layers are found to show boudinage. 

Petrographic observations have indicated that the difference in competence 
of these layers might be connected to the presence of pyroxenes. 

It is interesting to note that all along the central banded gneiss unit and 
its boundary zone with the adjacent pink gneiss, small amounts of molyb

denite, pyrite, and chalcopyrite are found. Similar observations can be made 
along the narrow zone of banded gneiss immediately south of the Leland 

augen-gneiss. As these are the only occurrence of molybdenite in the area, 

an indication of a stratabound occurrence of these sulfide minerals is sug
gested. This has recently been demonstrated by Urban (1971) and Hazan 
(1971) in the Precambrian of southern Norway. The particular zone seems 
furthermore to coincide with the W-anomaly zone indicated by Urban 

(1974) in the Lyngdal area. 

In the northwestern corner, the Kvås banded-gneiss formation consists of 
alternating zones with folded and migmatized garnet-sillimanite gneisses 
and regular banded gneisses. 

During the mapping these garnet-rich rocks were considered to be part 
of the banded gneiss formation and not mapped separately. However, they 
are very important regarding the metamorphic conditions of the area as they 
contain several metamorphic index minerals (garnet, cordierite, sillimanite ). 
Therefore detailed observations from these rocks are included here. 

A notable feature is an abrupt change in style of deformation between 
normal banded gneiss and garnet-sillimanite gneiss. The garnet-sillimanite 

gneiss is characterized by complex folding and great variation in style (Fig. 

4), whereas the banded gneiss interlayered with the garnet-rich rocks only 

rarely shows foldhinges and appears to be regularly layered. Consequently 
a strong contrast in structures is obvious for the two rock types, apparently 

caused by differences in competence. Additionally calc-silicate lenses and 

hands of quarzite are observed at several levels within the gamet-rich 
horizons. 

In general migmatization is strong in the gamet-sillimanite gneiss, and de

formation of the gneisses seems to be related to the degree of migmatization, 

regarded as the amount of leucocratic material. 
In the southem part of the mapped area the banded rocks have a different 
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Fig. 4. Disharmonic folding in banded, gamet-siiiimanite-cordierite gneiss from Kvås. 

appearance in being generally more fine-grained. This is essentially caused 
by change in mineralogy, as pyroxenes he re are the dominant mafic minerals, 
contrasting with the remaining parts where amphibole is the main mafic 
constituent. Viewed structurally these southemmost gneisses are equivalent 
to the Kvås banded-gneiss formation in being refolded by the central augen

gneiss antiform (Petersen 1973), and accordingly contain horizons of gamet

sillimanite-cordierite gneisses. The change in mineralogy is therefore ap

parently the result of different physical conditions in the two parts of the 

area. 

A majority of mafic hands are broken up into angular fragments, and the 

rock often appears as a 'banded' agmatite (Figs. 5 and 6). Normally, the 

paleosome fragments are angular but some show boudinage. 
An apparently gradational transition between pink gneiss and banded 

agmatite indicates simultaneously mobilization in both rock types. 
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Fig. 5. Banded pyribolite showing moderately developed agmatite structure in mafic 

layers from the southwestern banded gneisses. 

Finally it is important to note that within the sequence of banded gneisses, 

lenses of ultramafic composition are occasionally observed as well as lenses 

with calc-silicates and quartzites, indicating a complex mode of origin for 

the banded gneiss sequences. 

Fig. 6. Banded agmatite with boudinaged and rotated mafic layers near Lyngdal. 

• 



Kleivan granite 
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In the southwestern quadrant of the mapped area, a discordant pluton occurs, 

designated the Kleivan granite. This granite was previously included as one 

of the limbs of the so-called farsundite complex (Barth & Dons 1960, 
Middlemost 1968). However, it has been demonstrated that this complex 
in fact consists of at least three separate bodies, and that any cogenetic con
nection between them is of complex character (Falkum et al. 1972, Falkum 
& Petersen 1974). 

Generally, the Kleivan granite is heterogeneous, allowing a subdivision 

into different 'facies' consisting of medium-grained charnockite in the north
western part, hornblende granite in the central part, and followed by a 
coarse-grained biotite granite towards the south. The transition between the 
different types is completely gradational, with apparently no internat contacts 
between them. However, a later phase of monzonitic composition, which is 
geochemically and petrographically unrelated, penetrates the Kleivan granite 
and the bordering pink gneiss along a narrow zone running WNW-ESE in 
the central part of the pluton. 

The contacts with country rocks are sharp, and along the eastern and 
western border highly discordant. Occasionally the granite seems to impose 
a cleavage parallel to the contact in the country rocks, causing the develop

ment of a strong linear fabric in the latter. 

Lyngdal hornblende granite 

The southern limit of the present area is the Lyngdal hornblende granite. It 
is a grey, medium-grained monzodioritic to granitic rock. The borders are 
apparently conformable, but mesoscopical discordances are frequently ob
served. Mafic xenoliths are numerous along the boundary, as well as a 

strong S-surface parallel to the contact. A recent treatment of this rock has 

been published by Middlemost (1968), and detailed contact observations of 
the area are found in Falkum & Petersen (1974). Absolute Rb-Sr datings 
of the Kleivan granite and the Lyngdal granite have indicated similar ages 
of 932±7 and 930±28 respectively (Pedersen & Falkum 1975) and thus 
suggest an upper limit for deformation and metamorphism in the area. 

Mineral facies 

The mineral facies of the Lyngdal rocks indicate metamorphism under 'high 

grade' conditions of Winkler (1970, 1974). Muscovite is completely lacking 

in the paragenesis, apart from an accessory amount as a secondary mineral. 
In conventional terms of metamorphic facies, this absence confines the condi

tions to upper amphibolite facies and granulite facies, since biotite, horn
blende, and hypersthene are stable in some parts of the area. Furthermore, 

locally throughout the area, garnet-cordierite-bearing rocks appear as minor 

divisions of the mafic gneiss sequence. 
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Reactions on the boundary between granulite facies and amphibolite 
facies involve the formation of hypersthene, essentially at the expense of 
homblende. As this process involves a field of coexistence as function of 
pressure and temperature (de Waard 1%5), it leaves hypersthene-in (Hy-in) 

and homblende-out (Hbl-out) as potential subdividing isograds. 
Numerous investigators have demonstrated that chemical composition in 

granulite facies is of vital importance regarding the formation of typomorphic 
mineral assemblages (e.g. Binns 1965a, 1965b, Buddington 1963, de Waard 
1965, 1966, Reinhard 1968). However, diagnostic assemblages are aften 
restricted to minor parts of the rock series, and this implies that conclusions 

regarding the general metamorphism must be based on the assumption that 
any recorded assemblage truly represents the physical conditions of the 

metamorphism and, due to a specific composition, locally possesses an in

dicative mineralogy. 

Mineral paragenesis 

The assemblages of coexisting major minerals in the rocks of the Lyngdal 

area are presented in Table 1. The importance of textural equilibrium as 
indicating chemical equilibrium is aften stressed. However, lack of textural 
equilibrium does not prevent lack of chemical equilibrium as surface proper
ties should also be considered (Spry 1969). Detailed investigations by Kretz 
(1959, 1964), Mueller (1960, 1961), and Saxena (1968) have indicated that 
chemical equilibrium has aften been reached, even on the scale of trace 
elements in high-grade metamorphic rocks. Therefore, as the Lyngdal rocks 

possess textures that are generally highly polygonal, and only in the lowest 

grade show interlobate borders between adjoining minerals, a high degree 
of chemical equilibrium is expected. Consequently the observed assemblages 
are considered to constitute stable mineral parageneses. 

Table l. Mineral assemblages 

Pink gneiss 
l. Qz + Alk + Pl + Bi ± Sph + Mt 
2. Qz ± Alk + Pl + Bi + Opx ± 1Hbl + Mt 

Augen gneiss 
3. Qz + Alk + Pl + Bi ± Hbl ± Sph + Mt 

Banded gneiss 

a) Metabasic rocks 
4. Qz + Alk + Pl + Hbl ± Bi ± Cpx ± Sph + Mt 
5. Qz + Alk + Pl + Hbl + Opx ± Bi ± Cpx + Mt/Il 
6. Qz + Alk + Pl + Opx + Cpx ± Bi + Mt/Il 
7. Qz + Pl+ Hbl ±Bi± Opx 
8. Qz + Pl + Bi ± Alm 

b) Metapelites 

9. Qz + Alk + Pl + Bi + Sil + Crd + Alm ± Sp + Mt ± Sph 
10. Qz + Alk + Pl ± Bi + Crd + Opx ± Alm + Mt 
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Mafic gneisses. - From Table 1 it would appear that only mafic rock para

genesis contain diagnostic information regarding the metamorphic conditions. 

The mafic rocks are banded gneisses in which gamet-cordierite gneisses are 
interlayered with basic and intermediate gneisses. 

In the central and northem part of the area, the banded gneiss sequence 
is chiefly amphibolitic or grandioritic in composition. The southemmost divi

sion, however, is dominated by pyriclasites (following the nomenclature of 

Berthelsen 1960a, de Waard 1973) and thus indicates metamorphism of 
pyroxene granulite facies, homblende being absent. Between these extremes 
pyribolites constitute the mafic series. These rocks therefore belong to the 

homblende granulite facies (de Waard 1967). Within the granulite zones, 
gamet-cordierite-bearing rocks are occasionally found. The cordierite is 

fresh and unaltered and the mineral is therefore considered stable in all the 
metamorphic facies mentioned here. 

The composition of the gamet-cordierite-sillimanite gneisses suggests an 
origin as pelitic sediments (Winkler 1974), and this should be considered 
with the fact that lenses of calc-silicates and quartzites are present within 
the rock series. However, it must not be overlooked that similar high Al
rocks might result from restite formation (Mehnert 1968). 

Felsic gneisses.- The main part of the felsic rocks is devoid of hypersthene, 
but it may be noted that the mineral parageneses of amphibolite facies and 
granulite facies are not necessarily different, as suitable chemistry is also 
a requirement for the presence of hypersthene. However, enderbitic gneisses 

in the southemmost part suggest the existence of a hypersthene isograd in 
the felsic rocks and indicate an increasing degree of metamorphism towards 
the south. 

Metamorphic gradient 

The mineral facies of both mafic and felsic rocks thus suggest increasing 
metamorphic grade southwards, and based on the isograds Hy-in and Hbl-out 
the Lyngdal rocks may be divided into three metamorphic zones. The total 
compositional variation in a metamorphic zone is rarely repres�,nted by the 
rocks which possess indicative mineralogy. Thus, in order to present a meta
morphic zone, all possible mineral assemblages should be recorded to give 
a total expression of the mineralogical variation within a zone. 

A modified AFM diagram, adapted to granulite facies rocks, has been 

prepared by Reinhard (1968) (Reinhard & Skippen 1970) and is identical 
to the AFM diagram of zone Il presented here (Fig. 7). By extending this 

diagram to include high-grade rocks lacking in homblende and hypersthene, 

the diagram becomes particularly useful in presenting various mineral as
semblages of increasing zones of metamorphism in the Lyngdal area (Fig. 7). 

However, as the AFM diagram is simplified and contains only a reduced 

number of components, it requires the presence of several phases which 

cannot be presented in the diagram. These are quartz, alkali-feldspar, pla-
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gioclase and oxides which should be in excess in the rocks represented in 
this AFM diagram. 

Zone I in Fig. 7 is identical to the sillimanite-cordierite-orthoclase-alman
dine subfacies of the cordierite-amphibolite facies (see, e.g. , Winkler 1967) 

and is characterized in addition to the mentioned phases by absence of 
muscovite and hypersthene. Buddington (1963) has shown that PH2o is critical 

in the formation of amphibole-pyroxene mineralogy, and Touret (1971b) 
reported on the basis of fluid inclusions studies in metamorphic rocks that 

rocks containing orthopyroxene have very low PH2o at the expense of Pco2• 

This means that 'granulite facies' and 'amphibolite facies' locally alternate 

if a variation in the PH2o/Pco2 ratio exists. Therefore layers of pyroxene
amphibolite may occasionally occur within the banded gneiss series without 
necessarily belonging to the regional granulite facies. The assemblage plagio
clase-almandine-hornblende biotite is lacking in the Lyngdal area. However, 
Binns (1965b) has demonstrated that although the composition of garnetifer
ous assemblages varies considerably, they are characterized by a high Fe:Mg 
ratio. A ratio Fe/(Fe+ Mg) of 0.65 is cited as roughly dividing garnetiferous 

from non-garnetiferous basic assemblages. It is interesting to note that 
on a regional scale, this paragenesis is also absent in the Adirondack High

lands area (de Waard 1965), which in many other respects is similar to the 

south Rogaland province to which the Lyngdal area belongs. 
Zone Il (Fig. 7) corresponds to the hornblende-orthopyroxene-plagioclase 

subfacies of hornblende granulite facies (deWaard 1967) with additional 
presence of cordierite. The diagram illustrates the fact that mineral assem

blages of metapelitic rocks are similar in zones I and Il, and partly in zone 

Ill. Furthermore, the lack of hypersthene in felsic rocks within zone Il is 
obvious from the diagram, as biotite is the only mafic mineral in the pink 
gneisses and therefore should be placed on the M-side of the Bio-Hbl-Cpx 
join in the diagram. 

Zone Ill is equivalent to the orthopyroxene-plagioclase subfacies of the 
pyroxene granulite facies with cordierite and biotite additionally present. 
Diagnostic of this zone is the lack of hornblende and coexistence of cordierite 

and hypersthene in the metapelites. The absence of hornblende is dependent 
on completion of the dehydration processes, which in addition to increasing 

temperature requires silica as a reactant. Consequently lack of quartz may 

impede the process. This might be the reason why hornblende-bearing meta
dolerites are found within zone three. However, as quartz is typically lacking, 

the metadolerites cannot be presented in the diagram. Furthermore the Hy-in 

isograd in felsic rocks seems to coincide with the Hbl-out isograd, as hyper
sthene-bearing felsic rocks are found in this zone. 

Fig. 7. AFM diagrams presenting the mineral assemblages of the three metamorphic 
zones, divided by the isograds Hy-in and Hbl-out. Only rocks with excess quartz, 
alkali feldspar, plagioclase and oxides are presented in this diagram. 
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The parageneses of the three zones might be associated with reactions as 
suggested by Hensen & Green (1971, 1972, 1973) and Currie (1971) for 
pelitic rocks: 

Crd 
Crd + Bio 
Bio + Sill + Qz 
Alm+ Bio 

= Alm + Sill + Qz 

= Alm + Alk + H20 
= Alm + Alk + H20 
=Hy+ Crd 

(l) 
(2) 
(3) 
(4) 

Among these, (1), (2), and (3) characterize zones I and Il while (4) is in 
addition found in zone Ill. 

The common presence of quartz in amphibolites of the almandine-amphi
bolite facies and its gradually diminishing amount with increasing meta
morphic degree has been demonstrated by Engel & Engel (1962). Therefore 
reactions in basic rocks, which are essentially dehydration of hornblende and 
biotite, according to Ramberg (1952), de Waard (1965) and Binns (1965a) 
are suggested as being: 

Hbl + Qz 
Bi+ Qz 
Hbl +Bi+ Qz 

= Hy + Cpx + Pl + H20 
= Hy + Alk + H20 
= Hy + Alk + Pl + H20 

(5) 
(6) 
(7) 

The general absence of gamet in basic assemblage may indicate a relatively 
low Fe:Mg ratio in the rocks of the Lyngdal area. 

Retrograde metamorphism is sometimes indicated where minerals are 
altered to others which are stable under completely different conditions of 
metamorphism than those previously described. Chlorite is locally found to 
replace biotite, and the presence of epidote, muscovite, calcite or bastite is 
further evidence of retrograde alteration of the rocks. No attempt has been 
made to link this retrogression to chronological episodes. As for the most 
part the observed mineral parageneses are fresh and show few signs of 
alteration, it is suggested that local retrogression might be due to processes 
connected with the large change in temperature and pressure following the 
peak of metamorphism. 

P-T conditions 

The description of metamorphic degree by isograds of certain critical mineral 
reactions (Winkler 1970, 1974) is a practical elaboration of Bowen's idea 
conceming the establishment of a petrographical net consisting of equilibrium 
curves for certain metamorphic reactions as function of temperature and 
pressure. Hereby a simple tool for determining the physical conditions during 
metamorphism is constructed. A serious objection, however, is the reliability 
of the experimental results, which are the basis of the construction - that is 
how well does the experiment show equivalence to the 'natura!' process. A 
classical problem is the location of the Al2Si05 triple point, a matter which is 
still being debated. 
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In Winkler's diagram (1970, fig. 9) the described rocks lie in the 'high 

grade' area above the reaction: Mu + Qz = Kfsp + AS ± Crd and to the 

high-temperature side of the andalusite-sillimanite isograd. Furthermore, the 

absence of muscovite compared with widespread migmatite formation in the 

area indicates pressures greater than 3-4 kb (Winkler 197 4). However, it should 

be noted that the value of this diagram is reduced for the highest meta

morphic grades in the area, as the condition P s = P, (PH2o) is not fulfilled 

in granulite facies rocks (Winkler 1967). 

From investigations of rocks from the Bamble province, Touret (1971a) 

demonstrated the significance of PH2o in the development of metamorphic 

zones of granulite facies, which roughly represents the same P-T interval as 

the associated amphibolite-facies rocks, the PH2o however being drastically 

decreased. The influence of this on reaction curves involving dehydration 

processes in the P-T diagram was argued thermodynamically, and the posi

tion of the equilibrium curves calculated assuming PH2o = 2 Kb < P 8• 

To present a rough estimate of the physical conditions of metamorphism in 

the Lyngdal area, a P-T diagram has been prepared (Fig. 8) in vol ving 

equilibrium curves of the pertinent mineral reactions. The stability of 

garnet-cordierite throughout the area argues for a relatively constant pres

sure of from 6 to 7 Kb, whereas temperature may vary with increasing meta-

Fig. 8. P-T diagram showing stability fields of the pertinent minerals pairs. Equilibrium 
curves of the hornblende-orthopyroxene pair are for PH2o = 2 Kbar (Touret 1970a) and 
the cordierite-almandine curves interpolated from Currie (1971) assuming a Fei(Fe + 

Mg) ratio of 0.4. The remaining curves are from Winkler (1974). A suggested range in 
P-T conditions of the three metamorphic zones is indicated by the Roman numerals 
l, Il & Ill. 
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morphic degree in the range of 700° to 800°. It should be stressed, however, 
that this estimate is only a rough approximation as the compositional varia
tion of the mineral pair gamet-cordierite (Currie 1974) and the influence of 
hydrous phases in the system (Hensen 1971, Wood 1973) should also be 
considered. Nevertheless the P-T range seems well in agreement with esti
mates obtained by Henry (1974) from the western part of the Rogaland 
province, and the fact that evidence of partial anatexis is found in the felsic 
gneiss in the granulite zones also indicates temperatures of this order. 

Conclusion 

Geological mapping in the Lyngdal area has revealed a structural complex 
of an apparently conformable rock series which at a late stage in their de
formational history have been invaded by granitic intrusions. The main rock 
types in the area are felsic gneisses with subordinate mafic gneisses. Migmatiza
tion is strongly developed, characterized by numerous aplitic masses, local 
mobilizations in the granitic gneisses, as well as large amounts of leucocratic 
vein material in the mafic rocks. 

The most dominating rock type, pink gneiss, is made up of several variants, 
which, however, differ only in textural appearance, the mineralogical com
position being fairly constant. The pink gneisses, together with parts of the 
banded gneisses, are suggested as being the oldest rocks in the complex. The 
boundaries between the pink gneiss and the banded gneiss are invariably 
conformable, and inclusions and schlieren of banded rocks are found in 
roughly all other rocks in the region. The fact that banded gneiss inclusions 
are often found in pink gneiss is not regarded as evidence for a relative time 
relationship between these, but rather as indication of local mobilizations 
in the pink gneiss series. This suggestion should be seen in the light of the 
composition of pink gneiss which implies more ready mobilization than the 
mafic series, and in field observations which bear witness to local mobiliza
tions. 

The banded gneisses, although constituting a minor part of the rock 
volume in the mapped area, are by far the most important as regards analysis 
of the origin and metamorphic evolution of the rock complex. They possess 
a large span of compositions both with respect to rnineralogy and chernistry, 
and therefore special attention has been devoted to these rocks. Only very 
few characters are preserved relating to the origin of the banded gneisses, 
due to their thorough recrystallization and migmatization. Presence of Ca
rich and antiperthitic plagioclase with euhedral cores and traces of ophitic 
textures are indications of magmatic origin for at !east some of the banded 
gneisses. Recently a detailed geochemical study of banded gneisses in the 
NE part of the area (Audnedal banded gneiss) has demonstrated that these 
rocks are essentially magmatic in origin (Thomsen 1972). 

However, within other parts as e.g. the Kvås banded gneiss formation, 
zones are found that from their mineralogical composition suggest an origin 
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as pelitic sediments, and the presence of numerous calc-silicate lenses as 

well as quartzite layers further supports the presence of metasedimentary 

horizons in the complex. Rocks of ultramafic composition (homblendite, 

biotitite) are occasionally observed in the series, but their origin could be 

due to both initial composition as well as a result of metamorphic-anatectic 

reactions (restite formation). 

Based on detailed field observations of border relations and petrographic 

analysis it is suggested that the central augen gneiss (Leland augen gneiss) 

is anatectic in origin. Furthermore the relations between neosome and paleo

some suggest a separation in time of the mobilization of leucosome (meta

texis) and the growth of megacrysts (feldspar-blastesis). Obviously the reason 

for separation between these processes lies in the assumption that the mega

crysts which penetrate the melanosome are identical to those of the more 

homogeneous parts of augengneiss. The complex boundary of the augen

gneiss with the banded gneiss in the NE can thus be regarded as the result 

of an increasing degree of mobilization in the upper parts of the Audnedal 

antiform, with progressively lower levels being exposed to the north in the 

culmination of the antiform. The presence of a lithological discontinuity 

in the western part along the borders of the augengneiss may indicate that 

the gneiss is in fact synkinematic discordant. This has been supported by 

analysis of geometrical relations between structural elements (Petersen 

1973b). 

The metamorphic environment is transitional between conditions of upper 

amphibolite facies and granulite facies. Petrographic analysis has revealed 

that the distribution of typomorphic mineral assemblages suggests a division 

into three metamorphic zones, separated by the isogrades Hy-in and Hbl-out. 

The areal distribution of these zones indicates progressively higher dehydra

tion stages towards the south, the isogrades running roughly WNW-ESE. 

Based on the assumption that PH2o = 2 Kbar is significantly lower than P8, 

the P-T conditions are suggested in the range 6--7 Kbar total pressures, and 
the temperatures between 700° and 800° C. 

Lithostructural mapping has revealed a structural complex, in which 
certain rocks or rock series make up formations, which as a conformable 

succession has suffered from complex heterogeneous deformation and 

metamorphic recrystallization. In this complex it seems reasonable to suggest 

a 'one-way' stratigraphy, without coming to a decision as to the initial 
younging direction. 

These considerations suggest that the Audnedal banded gneiss is the 

'lowest' followed by the Leland augengneiss, the Dovreheia pink gneiss, and 

finally the Kvås banded gneiss at the 'highest' level. The central augen

gneiss antiform suggests that the Stolpeheia pink gneiss is identical with 

the Dovreheia gneiss, and that the Lyngdal banded gneiss is equivalent to 

the Kvås banded gneiss, thereby gi ving the symmetrical distribution around 

the Leland augengneiss. 
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