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V ARISCAN VOLCANISM OF CENTRAL AND WESTERN EUROPE1 

T.V. PEREKALINA2 

ABSTRACT 

Perekalina, T.V. 1981 Variscan volcanism of Central and Western Europe. Jn: H.J. Zwart & U. F. 
Dornsiepen (eds.): The Variscan Orogen of Europe - Geo!. Mijnbouw 60: 17-21. 

The type of volcanism in Central and Western Europe clearly reflects the tectonic conditions of the 
time of its manifestation. Two main types of Variscan volcanism can be distinguished: (1) spilito­
keratophyre (pre-orogenic); and (2) postorogenic calc-alkaline. 

The spilito-keratophyre associations are widespread in space and time and form belts related to 
regional faults, intraplate rifts and grabens. This reflects a tectonic regime of tension. Spilito-kera­
tophyre sequences are connected with the initial stages of the individualisation of new basins 
(Devonian, Carboniferous). They can appear several times in one region. It seems possible that the 
spilitic belts mark the boundaries of small plates or blocks. The source of magma was the upper 
mantle. The tectonic conditions during the time of eruption of postorogenic volcanics is quite 
different. They are characterised by folding, vertical movements, compression arid anatectic melting 
in the sialic crust. Two associations can be distinguished : (1) a late-orogenic one of monotonous 
acid (rhyolites, dacite) composition, forming magmatic structures of the central type related to 
cauldron subsidence; and (2) a postorogenic or final one of bimodal composition on (trachyba­
salts-rhyolites) marking the beginning of a new period of tension related to the uplift of the region. 

INTRODUCTION 

Different aspects of the Variscan volcanism of Europe, such as 
its distribution in space and time, age, composition, relation 
to tectonic structures and orogenic movements have been 
investigated by many authors. Nevertheless, at the present 
time some important questions about the geology of these 
volcanics remain unsolved. 

This paper is an attempt to approach these questions in a . 
different way. I shall not discuss the well-known problems, 
but rather emphasize the relationships between different 
types of volcanic sequences and various types of tectonic 
movements along their geological and tectonic setting. Maps 
of Europe showing the distribution of volcanics (Encl. I and 
11) as well as some more detailed maps (Figs. 1-7) are pre­
sented to illustrate these relationships. 

The Palaeozoic volcanics of Western and Central Europe 
can be separated into two types: 
(1) a submarine spilito-keratophyre sequence; 
(2) a subaerial suite including volcanics of acid, inter-

1This contribution contains two enclosures. 
2 Geologisch Instituut der Rijksuniversiteit, Garenmarkt lB, LEI­
DEN, The Netherlands. 

mediate and partly basic composition. The first one is pre­
orogenic, the second one post-orogenic. 

Volcanic rocks of the above-mentioned types can appear in 
one and the same or in different geological zones. Often 
spilito-keratophyre volcanism took place several times in the 
same region during a long period. These facts are of great 
importance in understanding the regularity of occurrence of 
the Palaeozoic volcanism. It is also important to determine 
the relationships of Varican volcanism to the early Palaeozoic 
volcanism because it occurs sometimes in the same regions 
and without interruption (from Cambrian to Early Devo­
nian). 

An understanding of these relationships may be useful in 
solving the question as to the existence of a Caledonian 
magmatic cycle, one of the intrigueing problems confronting 
E uropean geologists today (KREBS, 1978; KREBS & WACHEN­

DORF, 1973; SCHMIDT, 1976, 1977). 

THE SPILITO-KERATOPHYRE ASSOCIATIONS 

Early Palaeozoic spilito-keratophyre volcanism 

This association is widespread in Europe and appears repeat-
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Fig. 1 
Palaeozoic volcanics of the Rheinische Schiefergebirge. 
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1 a = Sediments of Permian age; 1 b = Sediments of Early and Late Devonian ; 2 = Sediments of Ordovician and Silurian; 3 = Diabases of 
Early Carboniferous age; 4 = Spilites of Middle Devonian; 5 = keratophyres of Early and Middle Devonian; 6 =Axes of geoanticlines; 7 = 
major faults. 

edly during the wh9le Palaeozoic (BANKWITZ, 1977; BRAUSE, 

1973, 1978). Considering the volcanism of the Early Palaeo­
zoic it is clear that in the Cambrian one is mainly dealing with 
subaerial activity of predominantly acid composition, 
marking the end of the Cadomian orogeny. Examples are: 
The Armorican Massif, French Central Massif and the Barran­
dian in Czechoslovakia (FIALA, 1978; VIDAL ET AL, 1975; 
WALDHAUSOVA, 1971 ; ZOUBEK, 1965). 

In contrast, in eastern Europe (Western Sudete.s, Gorlitzer 
Synclinorium a.o.) and southwestern Europe (Spain, Portu­
gal) submarine spilito-keratophyre sequences occur which 
are related to a new period of geological development (Encl. 
I and II, Figs. 6 and 7). Their manifestations are connected 
with subsidence and formation of new sedimentary basins. 
The ascent of magma took place at different times in differ­
ent areas: Middle Cambrian, Late Cambrian or Cambro-Or­
dovician. The volcanic suites mainly consist of spilites, pil­
low-basalts, diabases (as subvolcanic intrusions), tuffs and 
keratophyres which appear to be clearly subordinate to the 
basic rocks. Ultramafic differentiates (picrites) are known. 

The rocks are concordantly interbedded in a marine sedi­
mentarysequence. Insomezones(Barrandian,Boberkatzbach-

gebirge, Gorlitzer Synclinorium a.o.) the volcanism conti­
nues after a short interruption in the Ordovician. The Ordo­
vician volcanics are also present in graben-like basins asso­
ciated with deep-seated faults, such as at Erquy, Crozon 
(Armorican Massif) and in SE Spain. The composition of 
Ordovician volcanic rocks is more variable, sometimes the 
explosions began with keratophyres (BergaerSattel, Boberkatz­
bachgebirge ), in other cases keratophyres are almost absent 
or form subvolcanic dykes (Barrandian, Crozon, Ossa-More­
na). In some regions acid tuffs are present. 

The volcanics of this age are found also in Limousin, 
Rouergue, Albigeois, Cevennes (French Central Massif) and 
the south of Armorican Massif. It is very probable that the 
Ordovician-Silurian volcanics of the synclinorium of 'St. 
George sur Loire' (Armorican Massif) form a belt that conti­
nues into Limousin where they were earlier regarded as Pre­
cambrian (AUTRAN & GUILLOT, 1977). 

Most of the rocks are spilites, pillow-lavas, basic and acid 
tuffs. Different authors have tried to define the composition 
of the primary magma of the Early Palaeozoic volcanics. Ac­
cording to FIALA (1974, 1978) the spilites of Barrandian Basin 
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A: Some structural zones. I= Oberharz Devonsattel; II = Oberharz Diabaszug; III = E lbingerode Komplex; IV = Tanner Z ug; V = 
Harzgeroderzone; VI = Sudharzer Mulde; VII= Ilfelder Becken; VIII= Selke Mulde; IX = Meifsdorfer Beck en ; X = Wippraerzone (Lutzens & 
Schwab, 1972). 
B: Spilito-keratophyre volcanics. Sedimentary rocks: 1 = Lower Carboniferous; 2 =Devonian; 3 = Silurian. Volcanics; 4 = Diabases and tuffs 
of the Lower Carboniferous; 5 = spilites, diabases, partly keratophyres and tuffs of the Lower Devonian - Lower Carboniferous; 6 = 
keratophyres and tuffs (Silurian, Devonian); 7 = granites; 8 = fau lts. 
C: Postorogenic volcanics. Sedimentary rocks: 1 = Permian;2 = Devono-Carboniferous. Volcanics: 3 = rhyolites of Early Permian age (a = 
lavas, subvolcanic bodies; b = dykes); 4 = tuffs of Late Permian age; 5 = dykes of kersantite and quartz-porphyries of Early(?) Permian age ; 
6 = bronzit-porphyrites, basalts of Early Permian age; 7 = dykes of kersantites of Westphalian age; 8 = granites; 9 = fau lts. 
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Fig. 3 
Volcanic rocks of the eastern part of the Saxothuringian zone and German crystalline rise. 
Sediments: 1 = Permian; 2 = Carboniferous; 3 =Devonian; 4 =Early Palaeozoic (Cambrian, Ordovician, Silurian) ; 5 = Granulitgebirge; 6 
= Precambrium; 7 = Variscan granites. Volcanics: 8 = ignimbrites of Early-Late Permian age; 9 = granite porphyries, quartz porphyries 
(subvolcanic bodies) of Early-Late Permian age; 10 = rhyolites of Early-Late Permian age; 11 = porphyrites of Early Permian age; 12 = 
trachybasalts, basalts (melaphyres) of Early Permian age; 13 = granite porphyries (subvolcanic bodies) of Late Carboniferous age; 14 = 
dykes of rhyolites of Late Carboniferous age; 15 = ignimbrites of Late Carboniferous age; 16 = rhyolites of Late Carboniferous age; 17 = 
subvolcanic granites of Namurian age; 18 = diabases of Early Carboniferous age; 19 = spilites and keratophyres of Middle Devonian age 
(partly of Cambrian and Ordovician); 20 = (a) faults ; (b) ring faults; 21 = inferred contours of volcanic and volcano-tectonic structures. 



(Bohemian Massif) as well as those of the Ossa-Morena Zone 
(Portugal) are olivine-bearing alkali-basalts; for the same 
rocks BARD (1967, 1972) suggested a tholeiitic composition. 

The Ordovician spilito-keratophyres form belts: e.g. Ar­
morican - French Central Massif, Barrandian Basin - West Su­
detes. The later tectonic movements have di~placed these 
belts along faults. 

Spilites of Silurian age are less widespread. They have 
been described in the WestSudetes,BarrandianBasin, Armori­
can Massif, Galicia and Ossa-Morena. In some cases a more 
mafic composition was noted as well as the presence of a few 
ultramafic rocks. 

At sites where the Early Palaeozoic volcanism ended in the 
Early Devonian with basic effusions (Barrandian Basin) they 
have a higher amount of alkalis than all rocks from previous 
periods. 

Summary - The facts mentioned above indicate that the most 
important characteristics of the Early Palaeozoic spilito-kera­
tophyre volcanism are: (1) the repeated ascent of basaltic 
magma often in the same areas; (2) the predominance of 
spilites over keratophyres; (3) the presence of ultrabasic 
differentiates; ( 4) a clear association of volcanism with 
faults and fissures with a NW direction; (5) their occur­
rence in belts; (6) the presence in some areas of acid tuffs of 
Ordovician age. Therefore the Cambrian-Early Devonian is 
a period of predominance of tensional tectonics; the presence 
at the end of this time of acid volcanics and granites can 
indicate a change of tectonic regime (vertical movements and 
a short period of compression). 

It may be noted that numerous spilito-keratophyre se­
quences are frequently separated by phases of rather weak 
tectonic movements. It is possible that the spilito-kera­
tophyre belts indicate the boundary of microplates that could 
have existed during this period; but the evidence for subduc­
tion zones and an oceanic crust are lacking. 

Variscan spilito-keratophyre volcanism 

The Variscan orogenic period began in Europe in the Devon­
ian and there is ample evidence of tensional tectonics at that 
time with the formation of new sedimentary basins and ef­
fusions of spilito-keratophyre volcanics. It concerns shallow­
water basins, formed on a continental crust. 

European geologists distinguish two types of basins: exter­
nal ones like the Rhenic Trough, East Sudetes, South Portu­
gal and internal basins such as the Thuringian Trough, Vogt­
land. A third type must be added: graben-like basins formed 
directly on the (Precambrian?) crystalline basement (e.g. 
Morvan and Brevenne in the French Central Massif). 

The subsidence of the two first groups of basins was related 
to consolidation and uplift of the adjoining areas: Ossa-Mo­
rena for the South-Portugal Trough, the Caledonian belt for 
the Rhenic Trough etc. The newly formed faults and basins 
now mostly have a NE direction, like the spilito-keratophyre 
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belts which are connected with the initial stage of develop­
ment of sedimentary basins. 

The Rheno-Hercynian Trough - The subsidence of the Rhe­
no-Hercynian Trough (Fig. 1) (ovORJAK, 1977) began in the 
Early Devonian, and a elastic sequence of great thickness 
(Siegerland, Sauerland) is sometimes accumulated. 

The first volcanics of keratophyric composition appear in 
the Early Devonian. The climax of volcanism and graben­
formation is reached in Givetian time. The predominance of 
spilites is evident, but keratophyres are more abundant than 
in the early Palaeozoic sequences and in some places they 
appear as the first effusions (mainly tuffs). Mafic volcanics 
are spilites, pillow-lavas, tuffs and subvolcanic diabases. The 
degree of spilitisation is quite different at various places. The 

· spilito-keratophyre volcanism terminated in the late Devon­
ian and the 'Deckdiabase' of early Carboniferous age have 
no connection with the spilites. 

The chemical composition of the volcanics of the Rheno­
Hercynian zone has been investigated by many authors and 
in partioular by JUTEAU & ROCCI (1974, 1978). They were able 
to show the existence of two types of spilites: calcic and 
siliceous ones. In the Lahn-Dill area the chemistry of the 
volcanics is variable. Attempts have also been made (JUTEAU 
& ROCCI, 1974; HERRMANN & WEDEPOHL, 1970) to determine 
the composition of the primary magma. According to Juteau 
and Rocci they are continental alkali basalts; Herrmann and 
Wedepohl proposed continental (intraplate) tholeiites. The 
differences in opinion are due to metasomatic processes that 
may have disturbed the original chemistry of the rocks. 

JUTEAU (1965, 1968, 1974) proposed to divide the Devonian 
spilites in two main groups: 'spilites de fosse' (Lahn-Dill) and 
'spilites de ride' (Vosges); the latter containing more 
keratophyres. 

The volcanic belt of the Rheno-Hercynian Trough extends 
eastwards to the Harz (Fig. 2). There basaltic magmas rose to 
the surface along longliving faults during the Devonian and 
Carboniferous. 

The Harz - The composition of the volcanics of the Harz is 
comparable with those of the Rheno-Hercynian Trough but 
the amount of keratophyres is still greater (e.g. Elbingeri:ide 
zone) . According to several authors (BURCH, 1977; MUCKE, 
1973; SCHWAB, 1977; SCHWAB & LUTZENS, 1972), the evolution 
of Devonian volcanism of the Harz began in the Eifelian with 
eruptions of spilites, mafic tuffs and rare microsyenites. The 
main volcanic activity during the Givetian produced 
keratophyres followed by mafic tuffs, spilites and pillow-ba­
salts. This activity gets a more keratophyric character 
towards the end. 'Deckdiabase' of Dinantian age occur also 
in the Harz. According to MUCKE (1973) and SCHWAB (1977) 
the primary magma was an alkali-tholeiitic basalt, whereas 
the keratophyres have a trachytic trend. 

The difference of volcanism between the Rheno-Hercy­
nian Trough and the Harz lies in the absence of postorogenic 
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volcanics in the first and their presence in the last mentioned 
area. 

The South-Portugal Basin - Another Devonian basin of the 
same type in South Portugal (Encl. I) is separated from ad­
joining areas by deep-reaching faults; it has now a NW trend 
changing towards the NE. Th~ basement of the basin is un­
known, but the seismic data show its sialic composition. The 
geological structure and the volcanism have been described 
in detail by BARD (1971, 1973), BOOGAARD (1967), SCHERMER­

HORN (1970, 1975), SOLER (1973) and RAMBAUD (1978). 
The subsidence began in the Early Devonian and was ac­

companied by effusions of volcanic rocks. Schermerhorn has 
shown that the volcanic activity during the Middle and Upper 
Devonian was predominantly of acid character: dacito­
keratophyric tuffs. Spilites and keratophyres are associated 
with Tournaisian and early Visean greywackes. The kera­
tophyres are more abundant in the northern part of the basin, 
spilites more in the central and southern part. The whole 
complex is of typical submarine nature. Volcanics of interme­
diate composition are also present. The keratophyres and 
associated pyroclastics have a rhyolitic composition. 

There are different opinions concerning the chemistry of 
the volcanic suite. According to SCHERMERHORN (1970, 1975), 
it is a basalt-mugearite-andesitic suite ; SOLER (1973) in con­
trast thinks of it as a tholeiitic magma. In the opinion of most 
investigators the volcanics have a tholeiitic character. 

The Eastern Sudetes - An important example of another De­
vonian basin lies in the Eastern Sudetes (Niski Jesenik) (Fig. 
6); it shall be considered very briefly. This is a trough with a 
NE direction filled with a volcano-sedimentary sequence 
(DVORJAK, 1977) of Devonian and Carboniferous age. The 
submarine spilito-keratophyre rocks erupted mainly during 
the middle Givetian. 'Deckdiabase' are of Early Carbonif­
erous age. All sequences are covered by greywackes of Early 
Carboniferous age. 

There is a difference in age of volcanics in the basins men­
tioned above - Early to Middle Devonian in the Rheno-Her­
cynian Trough and Middle to Late Devonian and Early Car­
boniferous in the South Portugal Trough 

The Thuringian Trough (Fig. 3) - The volcanics of Devonian 
age are of spilito-keratophyric nature and show a climax in 
the Upper Devonian. The basins and its volcanic belts have a 
NE-SW trend. The chemistry of the volcanic series is not 
very different from that of the Lahn-Dill region where the 
rocks contain a higher amount of alkalis. The primary magma 
corresponds to that of tholeiites of continent rifts. 

The Vogt/and Trough - The ad joining trough of Yogtland (Fig. 
3) contains also shallow-marine sediments of Devonian and 
Early Carboniferous age. Spilitic volcanism started in the 
Middle Devonian with a maximum in the Late Devonian. 
Again the most abundant rocks are spilites, pillow-lavas, 

tuffs and keratophyres. Rare picrites are differentiates of a 
basaltic magma. Shortly before the folding phase the quantity 
of keratophyres increased. The volcanic belts have the same 
NE direction as the other Variscan belts and extend to the Elbe 
lineament. The volcanics correspond in their chemistry to 
continental (SCHROEDER, 1973) or oceanic tholeiites (BEBIEN, 

1971, 1977). 
Devonian spilito-keratophyric volcanism is also known 

from the Fichtelgebirge anticlinorium, the D elitz synclino­
rium, Doberlug and other areas (see Encl. I). 

Summary - The data about the spilito-keratophyre associ­
ations of the two groups of Devonian basins reveal that both 
in the external and the internal basins volcanism is associated 
with the beginning of subsidence and the deposition of a 
shallow-marine sedimentary facies. The chemistry of the vol­
canics of all basins under discussion is variable in detail but 
similar, perhaps indicating the same source of magma and 
mode of formation. Difference in opinions about the chem­
istry ( tholeiites, alkali-basalts) is related in most cases to the 
difference in the degree of metasomatic alteration. 

The volcanics form linear belts following regional deep­
seated faults and have a similar geological and tectonic set­
ting. Therefore early Variscan tectonics was of tensional 
nature. 

Devonian troughs formed directly on the crystalline basement 

Devonian troughs formed directly on a strongly metamor­
phosed (Precambrian?) crystalline basement are small nar­
row troughs or grabens flanked by E-W or NE-SW trending 
faults. 

The Vosges - An interesting example is formed by the Vosges 
(Fig. 4 ), investigated by many authors (BLAN AT, 1973; VON 

ELLER & FLUCK, 1977; FOURQUIN, 1973; HAMEURT, 1976; JU­

TEAU & ROCCI, 1965, 1974; RUHLAND, 1970; a.a.) . The central 
part of the Vosges consists of crystalline basement separated 
from the Devonian area in the north by deep faults. The 
Devonian trough started forming probably at the beginning 
of Devonian. The first sediments are greywackes of Early 
Devonian age. Basic volcanism appears at the same time, but 
its maximum development is of Givetian age. The volcanics 
form here also an ENE trending linear belt consisting locally 
of more or less isometric volcanic structures (e.g. Moyen­
montier) . The palaeovolcanic reconstruction is difficult, but 
the non-linear character of some volcanic structures seems to 
be clear. The greatest structure of this kind (Schirmeck at the 
eastern part of the trough) has been described by Juteau and 
Rocci. The submarine spilito-keratophyric suite is character­
ized by a predominance of keratophyres and quartz-kerato­
phyres. The volcanics alternate with sediments of Givetian 
age. Three groups of rocks have been distinguished: (1) ke­
ratophyres; (2) spilitic lavas and subvolcanic diabases; and 
(3) pyroclastics of basic and acid composition. The geological 
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Fig. 4 
Volcanic rocks of the Vosges. 
Sediments: 1 = Permian; 2 = serie Markstein ofWestphalian age; 3 = Early Carboniferous (Visean); 4 = (a) serie Malvaux, (b) serie Oderen, 
Plancher Bas (early Carboniferous-Visean) ; 5 = Devonian: (a) sediments, (b) sediments and volcanics; 6 = Ordovician-Silurian; 7 = Precam­
brian(?) ; 8 =Precambrian. Volcanics: 9 = rhyolites, ignimbrites of Late Permian age; 10 = trachybasalts, basalts of Early Permian age; 11 = 
dykes of lamprophyres of Westphalian age; 12 = rhyolites comagmatic to granites of Westphalian age; 13 = subvolcanic variscan granites; 14 
= ignirnbrites (serie G iromagny) of early Carboniferous (Visean) age; 15 = trachytes, trachyandesites (serie G iromagny) ; 16 = ignimbrites 
(serie Thann) of early Carboniferous (Visean) age; rhyolites (serie Thann); 18 = labradorites (serie Thann); 19 = breccia (serie Malvaux) of 
Early Carboniferous age; 20 = keratophyres and spilites of the serie Malvaux; 21 = spilites, diabases (series Plancher Bas, Oderen) of early 
Carboniferous-early Visean age; 22 = subvolcanic granites and rhyolites of Devonian age; 23 = keratophyres and tuffs of Late Devonian age; 
24 = spilites and keratophyres of Late Devonian-Early Carboniferous age; 25 = basalts, diabases, spilites of Late Devonian age; 26 = dip of 
rocks; 27 = faults; 28 = granito.ids of different age. 
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structure of the Schirmeck-complex is not yet well known 
due to its bad exposure. There is, however, no doubt that the 
magma rose to the surface along faults, some of semicircular 
form. 

The structure of the eastern part of the volcanic belt of the 
northern Vosges is that of the Bruche valley; in this area bodies 
and layers of spilites and keratophyres surround an isometric 
syncline formed by volcano-sedimentary rocks of Visean age. 
This type of structure is quite different from those mentioned 
above and the volcanics are of Early Carboniferous age. It is 
clear that the internal structure of this volcanic belt is com­
plex and differs from other Variscan spilite belts. This fact is 
due to the position of these volcanic complexes directly on a 
rigid block of basement. 

JUTEAU & ROCCI (1965, 1974) especially have drawn atten­
tion to the chemistry of these volcanic complexes and 
concluded that the great quantity of acid rocks is due to the 
influence of the crystalline basement (assimilation, interac­
tion etc.), they designate these complexes as 'serie de ride'. 

Also in the southern Vosges Devonian spilites exist, but they 
are rather scarce. A submarine spilito-keratophyre suite of 
early Viscan age is largely develuµeu within an early Carboni­
ferous trough formed on the crystalline basement. Today it is 
a syncline with a NE-SW direction, bounded by faults. The 
outer parts are build up by early Visean sequences, the centre 
by the rocks of late Visean age. The sequences are separated 
by tectonic movements. 

The subsidence of the trough began probably in the Late 
Devonian or Early Carboniferous and elastic sedimentation 
was followed by eruption of typical submarine spilites and 
keratophyres with pillow-lavas, basic and acid tuffs and 
bodies of diabases. The spilites alternate with keratophyres, 
but the last eruption produced keratophyres. 

The Black Forest -The spilites of the Northern Black Forest 
occur in continuation of the volcanic zone of northern Vosges 
(FLUCK & orro, 1978). The early Visean volcanics of the Sou­
thern Black Forest are of porphyritic composition and extru­
ded in a graben-like basin. 

The Armorican Massif - Troughs of Devonian and Early 
Carboniferous age are known in the Armorican Massif (bas­
sin d' Ancenis, Chateaulin, Menez-Bel-Air, Laval a.o.) (Fig. 5) 
(BABIN & REGNAULT, 1978; CONQUERE, 1966; DEUNFF ET AL., 

1973; LARDEUX ET AL. , 1977; SAGON, 1967). Today they seem 
to form one structure trending E-W across the whole massif 
along a zone of weakness. Their geological history, however, 
was different and during the Dinantian they became isolated 
basins (COG NE, 1976). 

The time of the first subsidence of the Chateaulin basin is 
supposed to be Middle Devonian. The sedimentation was 
accompanied by local manifestations of spilitic volcanism, 
but the climax came later (Middle-Late Devonian). Volcanism 
was absent during the Late Devonian. Volcanic rocks of Di­
nantian age are more widespread and of a greater thickness; 

this is also a spilite-keratophyre sequence with pillow-lavas 
and hyaloclastics. Thus the same volcanic associations reap­
pear in the Chateaulin basin. 

The Central French Massif - The Devonian troughs of the 
Central French Massif (CHENEVOY, 1974; CHENEVOY & RAVIER, 

1977; DIDIER & LAMEYRE, 1977) are typical grabens; they are 
known only in the eastern part of the Massif - 'zone de Bre­
venne', 'Synclinorium de Loire', 'Synclinorium de Morvan', 
'Bourbonnais', 'Forez' etc. 

All these zones are of small size compared with the Rhe­
nohercynian or South Portugal Troughs. The 'zone de Breven­
ne' is built up by a volcano-sedimentary sequence of Devo­
no-Dinantian age (PETERLONGO, 1960): arkoses, shales, ke­
ratophyres and an alternation of spilites and keratophyres. 
The chemistry of the basic rocks is tholeiitic (FONTEILLES, 

1968). 
The Synclinorium of Morvan (BEBIEN, 1971; BEBIEN ET AL. , 

1977; BOYER, 1976; BERTAUX ET AL., 1978) also trends NE-SW 
and is bordered by faults. The spilito-keratophyre volcanism 
is of Devono-Dinantian age. The sediments are elastic shal­
low-marine deposits. 

The spilito-keratophyre sequences of Bourbonnais and Fo­
rez have nearly the same characteristics, but in addition an­
desites are present. In Roannes (BERTAUX ET AL. , 1978) and 
Macon the age of this suite is Late Devonian-early Visean. 

Summary - We can state that the Variscan spilito-keratophyre 
association is widespread. It appears in great Devonian ba­
sins (Rhenic Trough, South Portugal and others) in the be­
ginning of the initial stage of their subsidence and the climax 
of the volcanic activity is reached in the Middle and Late De­
vonian. The ascent of basic magma can take place uninter­
ruptedly during the Devonian and Early Carboniferous. In 
basins formed directly on the crystalline basement (The Vos­
ges, Basin Chateaulin a.o.) spilites recurred in the Devonian 
and after an interruption in the Early Carboniferous. In 
comparison with the Lower Palaeozoic the Late Palaeozoic 
suites contain more keratophyres. As to the chemistry of 
basic rocks they are continental tholeiites or alkali-basalts. 
The Variscan spilito-keratophyric associations are arranged in 
narrow belts along faults and rifts, striking NE-SW. 

The tectonic movements ofVariscan time during the empla­
cement of spilitic suites were of a tensional nature. It is diffi­
cult to relate the volcanic activity to a subduction zone which 
has been proposed in the south of the Armorican Massif and 
any relation between them is absent. It seems that the exis­
tence of two major (the northern and the southern) spilitic 
belts is the more realistic hypothesis. There is a lack of evi­
dence for assigning them to one belt (see ELLENBERGER & 
TAMAIN, 1980). The position of the belts was disturbed many 
times by tectonic movements. 

The Variscan spilito-keratophyre associations are related to 
intracontinental rift-zones and probably marked the border 
of microplates. 
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POSTOROGENIC CALC-ALKALINE VOLCANISM 

The Variscan postorogenic volcanism succeeds the major tec­
tonic phase during the Late Carboniferous. This volcanic ac­
tivity followed the folding either immediately or after a cer­
tain interval. In these two cases the composition of the rocks 
and the shape of magmatic structures are quite different. The 
volcanism that took place immediately after the tectonic mo­
vements (late Visean-Westphalian, sometimes to Early Per­
mian) can be defined as a late-orogenic volcanism. The other 
one, that appears after a certain time (in Stephanian-Early 
Permian, or Early-Middle Permian) is termed the post-oro­
genic or final volcanism. Of course, transitional types exist. 

Late-orogenic volcanism 

The late-orogenic volcanism appears on consolidated blocks, 
anticlines, Precambrian (?) crystalline basement (such as the 
Armorican Massif, French Central Massif, Erzgebirge) or at 
the borders of the grabens formed directly on the crystalline 
basement (such as Morvan, Brevennes a.o.) (Encl. II; Figs. 3, 4 
and 5). It is absent in the great Devonian troughs. 

Magmatic rocks of this group are of rather monotonous 
acid granitic composition (rhyolites, ignimbrites); the vol­
canics of the Southern Vosges are an exception. In some areas 
(E rzgebirge, North Portugal a.o.) 'they are cogenetic with the 
Variscan granites and form volcano-plutonic structures. Basic 
rocks are virtually absent. Very typical is a close association of 
magmatic rocks of different facies (volcanic, subvolcanic, hyp­
abbyssal). Swarms of subvolcanic dykes of linear or circular 
form are widespread. Magmatic structures of this type (vol­
cano-plutonic) have been described in many places, e.g. in 
the Eastern Erzgebirge (BENEK ET AL., 1973 ; EIGENFELD, 1972; 
EIGENFELD & SCHWAB, 1974) and in the Black Forest (Encl. II; 
Fig. 3). 

In the Eastern Erzgebirge we can mention two structures: 
Altenburg and the Tharander Wald. The A ltenburg structure 
is very complex; it has an elliptical shape; the central part is 
built up by ignimbrites cut by dykes of granite-porphyry. 
Another dyke of the same composition has a semicircular 
form and cuts through an intrusive Variscan granite. The 
structure is surrounded by a semicircular dyke swarm of 
rhyolites and porphyries. The whole represents a volcano­
plutonic structure of the central type related to vertical move­
ments, perhaps to a cauldron subsidence filled by ignim­
brites. The complexes of the Tharander Wald and Teplice are 
of the same type. 

Saar-Saale Trough - A similar type of structure with a great­
er role of volcanic rocks of intermediate and basic composi­
tion and of Late Carboniferous-Early Permian age is known 
in the Saar-Saale Trough (on the German crystalline rise). 
This type can be regarded as a transitional one, as mentioned 
above. The volcanic complexes here were investigated in 
detai l by many geologists (BENEK ET AL. , 1973; SCHWAB, 1970; 

EIGENFELD & SCHWAB, 1974; and others) . Three important 
volcanic structures of the central type are known - the Halle, 
Thuringer Forest and the Northern Saxonian (Fig. 3). They 
will be described briefly. 

The development of the Halle structure started in the 
Westphalian A /B with deposits of red-beds lying directly on 
the crystalline basement. The magmatism appears in the Ste­
phanian as subvolcanic intrusions of trachyandesites; this 
type of magmatism continues in the beginning of the Early 
Permian, but the composition and the facies of igneous rocks 
change strongly. Later lavas, tufts and ignimbrites of rhyolitic 
composition are the dominant rocks. The volcanic Permian 
sequence of Halle is quite complex. The Lower Halle por­
phyries (subvolcanic partly) have a thickness of 1000 m. Por­
phyrites are also known in this sequence. The structure of the 
Halle complex is characterised by the presence of a volcano­
tectonic depression with volcanic rocks in the centre sur­
rounded by circular subvolcanic intrusions of acid composi­
tion. The mechanism of formation of those structures is due 
to vertical movements, synvolcanic and cauldron subsidence. 

The Northern Saxonian complex (Encl. II ; Fig. 3) occupies 
an area of about 2000 m2 . Three volcanic sequences were 
established: (1) porphyrites, ignimbrites, acid tufts and 
lavas; (2) rhyolites and ignimbrites; (3) subvolcanic in­
trusions of acid composition. The great amount of ignim­
brites supports the opinion that calderas have been present. 
The structure is of volcanic-subvolcanic central type. Palaeo­
volcanic reconstructions are still not available, but it is very 
probable that this complex is of the same type as the struc­
tures of Halle and the Thuringer Forest and also of the vol­
canic belts, surrounding the Variscides of E urope in the North 
and East. 

The Vosges - The volcanism of the Southern Vosges is of a 
particular character. In the centre of a Visean syncline the ' 
submarine volcano-sedimentary sequence containing spilites 
is unconformably overlain by a complex of late Visean age 
(COULON ET AL, 1975, 1978; MARCHAND, 1973 ; STUSSI, 1967) . 
Within this complex four episodes of volcanism succeeded 
one another; the first gives small linear bodies of labradori­
tes; their composition is that of tholeiitic basalt; the second 
episode is represented by layers of trachyandesites, trachyla­
bradorites and pyroclastics; the third one gives dacites, rhyo­
lites and tufts. Masses of acid tuffs and ignimbrites were pro­
duced during the fourth episode. The thickness of the whole 
sequence is about 400 m. The specific composition of vol­
canics (potash-rich basalts and andesites) as well as their 
restriction to a single area, are probably the result of their 
origin from an isolated magma chamber and reaction of ba­
saltic melts with the rocks of the sialic basement. 

In graben-like depressions in the East of the French Cen­
tral Massif the rhyolites and ignimbrites of late Visean age 
('tuffs anthracifores') occur in form of flows and layers (in 
Morvan) (BERTAUX ET AL., 1978). A special type of volcan ism 
was established in small coal basins of Stephanian age local-
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Sediments: 1 =covering formations; 2 =Permian molasse; 3 = Carboniferous; 4 = Devonian ; 5 = Silurian; 6 = Ordovician; 7 =Cambrian; 
8 = Precambrian. Volcanics: 9a = rhyolites of Late (?) Permian age; 9b = trachybasalts and melaphyres of Early Permian age; lOa = 
subvolcanic granite porphyries of Carboniferous age; lOb = 'Deckdiabase• of Carboniferous age; 11 = spilites and diabases; 12 = picrites of 
Silurian age; 13 = spilites and diabases of Ordovician age; 14a = metarhyolites of Cambrian age; 14b = porphyrites of Cambrian age; 14c = 
spilites and diabases of Cambrian age; 15 = fau lts; 16 = granites; 17 = basic intrusions. 

ised along regional faults (e.g. the French Central Massif 
along the 'Sillon Houiller') . They are filled with detrital 
sediments of molasse type with layers of rhyolitic lavas and 
tuffs. This volcanism indicates the end of a regional devel­
opment of the anatectic melting. 

In the whole the late-orogenic volcanism is a product of a 
regional anatectic melting in the crystalline basement and is 
related to blocks of basement or regions where the basement 
occupies a high position. The predominant type of tectonic 
movement was vertical movements of blocks along linear and 
circular faults. 

Post-orogenic or final volcanism 

The last type of volcanism treated here is a bimodal one and 

occurs in Permian grabens of different size filled with mo- . 
lasse. The volcanics are exclusively trachybasalts (or basalts), 
rhyolites and tuffs (without rocks of intermediate composi­
tion). This type is known in different parts of Europe: 'Nahe 
Mulde' (South of the Hunsriick), Zwikau (Erzgebirge ), 
Schonaer Graben (Boberkatzbachgebirge ), 'Ilfelder Becken' 
(Harz), 'Tratenauer Tafel Mulde' (Sudetes), Intra Sudetic 
syncline and many others (Encl. II; Figs. 2a, 3, 6 and 7). 

Lavas and tuffs alternate with sediments; the acid rocks 
sometimes form subvolcanic bodies, necks. Dykes of basic 
and acid composition occur also (for example the dyke­
swarm of the Harz). Usually basic and acid volcanics are 
found in one and the same basin (or graben), but in some 
cases only basalts (Tratenauer Mulde) or only acid rocks 
(Meisdorfer Becken, Harz) are present. Most geologists consi-
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Volcanics of the central part of Western Sudetes. 
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der the basic rocks as volcanics of Early Permian age and the 
acid lavas as Late Permian; however, both can be of Early or 
Middle Permian age. 

The Intrasudetic Syncline (Fig. 7) - This is one of the most 
important Permian structures. It is built up by Late Carbon­
iferous elastic sediments and Permian molasse. According to 
NOWAKOVSKI (1968) and NOWAKOVSKI & TEISSEYRE (1971), 
scarce basalts and acid tuffs erupted already in the Late Car­
boniferous, but the climax of volcanic activity was reached in 
the Middle Permian. The eruptions start with rhyolitic lavas 
and ignimbrites, followed by trachybasalts; rhyolites re­
appear after a short interruption. 

In other Permian troughs the basic volcanics are clearly 
related to faults and form linear bodies; the chemical com­
position of Permian volcanics is in general much the same in 

different parts of Europe: basalts with an alkalic trend and 
calc-alkalic rhyolites. The source of magma lies probably in 
the upper mantle for basalts and the acid magma is a product 
of partial melting caused by the heat of the basic magma. 

Volcanic belts 

Large regions of the European Variscides are covered by Me­
sozoic and Cenozoic sedimentary deposits, but in the last few 
years data from drillholes and seismicity have shown that 
volcanics of late Palaeozoic age surround the exposed Varisci­
des in the North, North-East and East (Encl. 11). The data 
obtained have permitted to suggest some ideas about th.e 
structure of the basement of this region and about the nature 
and geological setting of the volcanism (ERKHARDT, 1968; 
DVORJAK & PAPROTH, 1969; BUSCH & KIRUSCHIN, 1972; KAT-



ZUNG ET AL, 1977; and others). It seems that the basement is 
heterogeneous and consists of Precambrian and Early Pa­
laeozoic rocks. A volcanic zone exists along the northern 
boundary of the Variscides and can be followed further to the 
East ·and Southeast along the Tornquist line and the NW­
trending aulacogen at the SE border of the Russian Platform. 
The structure and the composition of this belt is not yet 
sufficiently known and probably more complex than is 
thought now. 

The E-W trending Weser-Ems zone with basalts, diabases 
and andesites lies unconformably on rocks of Westphalian 
and Stephanian age. According to EIGENFELD & SCHWAB 

(1974) this zone belongs to the Externides; in our opinion 
this can be an area of terminal volcanism at the border of a 
sub-platform area. 

The second zone (Fehmarn-Usedom) has a complicated 
structure and consists of Carboniferous and Permian rhyoli­
tes, rhyodacites and tuffs. The basic volcanics of the adjacent 
Riigen Island belong now to the platform. 

The third zone trends along the boundary of the North 
German-Poland lowland (zone Wustrow) and can be fol­
lowed according to Katzung as far as Berlin. The thickness of 
volcanics is about 1.300 m; the major rocks are tuffs of Early 
Permian age. It seems possible that this zone is connected 
with the Ostrow-Welikopolski zone. 

All zones mentioned form a complex volcanic belt (or 
belts?) and their relationships are in most cases unclear. 
Nevertheless it is evident that the volcanics are quite similar 
to those of the exposed Variscides. These types of volcanic 
belts have been described by Russian geologists in such areas 
as Kazakstan, Central Asia, Far East etc. They separate 
usually structures (or regions) of different age and time of 
consolidation. The comparison of these types of belts with 
those of Variscides seems justified (BUSCH & KIRUSCHIN, 1972). 
The forming of volcanic belts surrounding the Variscides can 
be related with the remobilisation of the Precambrian (?) 
basement during the major phase of deformation (Carboni­
ferous) . 

CONCLUSIONS 

Our present knowledge of the Variscan volcanism of Europe 
permits us to make some conclusions concerning its history 
and relations with the tectonic development. 

The widespread distribution in space and time as well as 
the reappearance troughout the whole Palaeozoic of the spi­
lito-keratophyre associations show clearly that the main tec­
tonic regime was one of tension. The source of this magma 
was the upper mantle. Spilito-keratophyre sequences of Va­
riscan time are connected with the initial stage of the indivi­
dualisation of new basins and form linear belts. They can 
reappear later, but before the major folding phase. It is 
noteworthy that the source of basaltic magma remains in 
many areas nearly at the same place during a long period. It 
seems possible that the spilitic belts marked the boundaries 
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of plates which were partly displaced during the Palaeozoic. 
There is no evidence of a relation of these belts to any sub­
duction zone. Neither is there good evidence for the existen­
ce of an oceanic crust. The regime of tension can be the result 
of movements of large global plates in the North-Atlantic 
(ZIEGLER, 1978; ZWART & DORNSIEPEN, 1978). 

The postorogenic Variscan volcanism had a completely dif­
ferent tectonic and thermal history. The tectonic regime was 
one of folding, compression and vertical movements. Source 
of th~ magma was regional 1 anatectic melting in the sialic 
crust. The volcanic structures were of central type. 

The gradual consolidation of the melting front with time 
leads to the formation of isolated magma chambers and a 
decrease in the amount of volcanics as well as the change of 
their composition. The ascent of basalt magmas, which 
caused a partial melting in the crust, became possible. 

The bimodal volcanism is the result of these processes and 
tensional tectonics now related to the uplift of the whole 
area. The volcanic structures are predominantly of linear 
shape. As to the Caledonian 'event' the evolution of the 
magmatism of this time corresponds to a particular but com­
plete 'cycle': a long period of tension with numerous spilitic 
sequences and a short period of vertical movements with acid 
volcanism and granites. 

ACKNOWLEDGEMENTS 

I wish to thank Prof. H. J. Zwart and Dr. U. F. Dornsiepen 
for critical reading of the manuscript. I am also grateful to 
Prof. E . den Tex for fruitful discussions. 

REFERENCES 

Autran, A. & P. L. Guillot 1977 L'evolution orogenique et meta­
morphique du Limousin (Massif Central Frarn;:ais) au Paleo­
zoique - relations entre Jes cycles caledoniens et varisques. In: 
La cha1ne varisque d 'Europe moyenne et occidentale - Coll. 
intern. C.N.R.S. (Rennes) 243: 211-226. 

Babin, C. & S. Regnault 1978 Presence du Devonian superieur fossi­
lifere dans la partie centrale du Synclinorium mediane armori­
cain: consequences structurales et paleogeographiques - C. R. 
somm. Soc. geol. France 3: 112-114. 

Badham, I. P. N. & C. Halls 1975 Microplate tectonics, oblique colli­
sion and evolution of the Hercynian orogenic systems - Geolo­
gie 3: 373-376. 

Bankwitz, P. 1977 Uberblick iiber den Magmatismus und die Meta­
morphose im Altpalaeozoikum Mittel und Westeuropas - Ver­
off. Zentralinst. Physik Erde 44: 7-30. 

Bard, J. P. 1977 Signification tectonique des metatholeites d'affinite 
abyssale de la ceinture metamorphique de basse pression d'A­
racena (Huelva, Espagna)-Bull. Soc. geol. France 19: 385-393. 

Bard, J.P., R . Capdevila & Ph. Matte 1971 La structure de la cha1ne 
Hercynienne de la Meseta Iberique: comparaison avec Jes seg­
ments voisins - In: Histoire structurale du Golfe de Gascogne 
1: 1-68.. 

Bebien, J. 1971 Elements nouveaux sur le volcanisme devono-dinan­
tien de l'extremite sud-ouest du faisceau synclinal du Morvan -



30 

C. R. Acad. Sci. Paris D 273: 466-468. 
Bebien, J ., G. Rocci, P. A. Floyd, Th. Juteau & J. P. Sagon 1977 Le 

volcanisme devono-dinantien element determinant dans la re­
construction du cadre geotectonique de !'Europe moyenne va­
risque. In: La chaine varisque d'Europe moyenne et occiden­
tale - Coll. intern. C. N. R. S. (Rennes) 243: 275-291. 

Behr, H. J. 1978 Subfluenz-prozesse im Grundgebirge-Stockwerk 
Mitteleuropas - Z.deut. geol. Ges. 129: 284-318. 

Benek, R. , G. Riillig, F. Eigenfeld & M. Schwab 1973 Zur strukturel­
len Stellung des Magmatismus der Subsequenz-periode im 
DDR-Anteil der mitteleuropaischen Varisziden - Veriiff. Zen­
tralinst. Physik Erde 40: 203-245 . 

Bertaux, J., P. Gagny & M. F. Rubielle 1978 Note preliminaire sur 
!'organisation des formations volcaniques et volcano-sedi­
mentaires du Paleozoique superieur de la feuille de Roanne du 
1/50.000 - C. R. somm. Soc. geol. France 6: 289-292. 

Bouroz, A. 1966 Frequence des manifestations volcaniques au Carbo­
nifere superieur en France - C. R. Acad. Sci. Paris 263 D: 
1025-1028. 

Boyer, C. 1976 Les grandes periodes d'activite volcanique au cours des 
temps paleozoiques dans les Massifs Armoricain et Central -
B.R.G.M. 2e Ser. 1: 3-23. 

Boyer, C. & P. L. Guillot 1973 Les porphyroides du Genis, complexes 
d'ignimbrites rhyolitiques dans la serie cristallophyllienne du 
Bas-Limousin - Bull. B.R.G.M. 2e Ser. 4: 216-226. 

Rrn11se, H. 1973 Pa!aomobilitat und Palaodynamik in Mitteleuropu -
Veriiff. Zentralinst. Physik Erde 14: 601-615. 

--1978: Tektonische Zyklen Mitteleuropas-mobilistisch interpre­
tiert - Z .geol. Wiss. 6: 1379-1390. 

Burret, C. 1972 Plate tectonics and the Hercynian orogeny - Nature 
293: 155 -157. 

Busch, W., R. G. Gareckij & L. G. Kizjuschin 1973 Die strukturelle 
Lage der subsequenten Effusiva der Varisteniden Zentraleuro­
pas, Mittelasiens und Kasachstans- Veriiff. Zentr. Instit. Physik 
Erde 14: 245-246. 

Busch, W. A. & R. G . Kiruschin 1972 Ober die Verbreitung subse­
quenter Effusiva in Mitteleuropa - Z . angew. Geo!. Berlin 18: 
323-328. 

Chenevoy, M.1974 Le Massif Central. In: Debelmas (ed.); Geologie 
de la France I: 162-228. 

Chenevoy, M. & J. Ravier 1977 L'histoire antestephanienne du 
Massif Central Frarn;:ais et le probleme des influences caledo­
niennes. In: La chaine varisque d'Europe moyenne et occi­
dentale - Coll. intern. C.N.R.S. (Rennes) 243: 199-210. 

Cogne, J. 1976 Les grandes lignes structurales du Massif Armoricain 
- Nova Acta Leopoldina 45 (224): 177-192. 

--1977 La chaine Hercynienne ouest-europeenne correspond-elle 
a un orogene par collision? Proposition pour une interpretation 
geodynamique globale. In: Ecologie et geologie de !'Himalaya 
- Coll . intern. C.N.R.S. 268: 111 -129. 

Conquere, M.F. 1966 La serie spilitique devonienne de Bolazec et ses 
liens petrogenetiques avec le volcanisme dinantien de la region 
de Huelgoat (Nord-Finistere) - C.R. Acad. Sci. Paris D 262: 
1406-1409. 

Coulon, M., C. Fourquin, J . C. Paicheler, R. Conil & M. Lys 1978 
Stratigraphie du Viseen des Vosges meridionales et datationsob­
tenues par l'etude de plusieurs niveaux a microfaune et algues 
- Sci. Geo!. Bull. 31: 77-93. 

Coulon, M., C. Fourquin, J . C. Paicheler & R. Point 1975 Contribu­
tion a la connaissance du tectogene varisque dans les Vosges 
mfaidionales II - Sci. Geo!. Bull. 28: 109-139. 

De la Roche, H., G. Rocci & Th. Juteau 1974Essai de caracterisation 
chimique des associations spilitiques. In: Amstutz (ed.): Spili­
tes and spilitic rocks - Berlin: 134-143. 

Dennis, J. G. 1976 Geosynklinale, Orogenese, Plattentektonik - Z. 
deut. geol. Ges. 127: 73-85. 

Deunff, J ., B. Auvray, J. Cogne, J. Hameurt, D . Jeanette & Ph. Vidal 

1973 Confirmation micropaleontologique de !'age radiometri­
que ordovicien inferieur du groupe spilitique d'Erquy (C6te­
du-Nord) - C.R. Acad. Sci. Paris 276 D: 935 -937. 

Didier, J . & J. Lameyre 1977 Le noyau Arverne du Massif Central 
Franpis dans l'orogene varisque. In: La chaine varisque 
d'Europe moyenne et occidentale - Coll. intern. C.N.R .S. 
(Rennes) 243: 39-55. 

Dvorjak, J., R. Mirouse, E . Paproth, A. Pelhate, W. H. C. Rams­
botton & R. H. Wagner 1977 Relations entre la sedimentation 
eo-devono-carbonifere et la tectonique varisque en Europe 
centrale et occidentale. In: La chaine varisque d 'Europe 
moyenne et occidentale - Coll. intern. C.N.R.S. (Rennes) 243: 
241-273. . 

Dvorjak, J. & E. Paproth 1969 Ober die Position und die Tektoge­
nese des Rhenoherzynikums und des Sudetikums in den mit­
teleuropaischen Varisziden - N. Jb. Geo!. Pal. Mh. 2: 65-88. 

Eigenfeld, F. & M. Schwab 1974 Zur geotektonischer Stellung des 
permosilesischen subsequenter Vulkanismus in Mitteleuropa -
Z. geol. Wiss. 2: 115-137. 

E llenberger, F. & A. L. G. Tamain 1980 Hercynian E urope - E piso­
des Sp. Iss. Vol. 1980 1: 22-27. 

Erkhardt, F. J.1968 Vorkommen und Petrogenese spilitischer Diabase 
des Rotliegendes im Weser-Ems Gebiet - Geo I. Jb. 85 : 
227-264. 

Fabries, J. 1974 Metamorphisme et plutonisme varisque dans la par­
tie meridionale de la Mesela Ilierique. In : La chaine varisque 
d'Europe moyenne et occidentale - Coll. intern. C.N.R .S. 
(Rennes) 243: 487-495. 

Fandrich, K. 1972 Zur Palaovulkanologie und Petrologie des varis­
zischen geosynclinalvulkanismus der E lbtal-zone - Freib. For­
schungshefte C277: 152-168. 

Fiala, F. 1974 Some notes on the problem of spilites. In: Amstutz 
(ed.): Spilites and spilitic rocks - Berlin: 9-22. 

--1978 Proterozoic and Early Palaeozoic volcanism ofBarrandian­
Zelezne-hory zone - Geologie (Praha) 31: 71-91. 

Fluck, P. & J. Otto 1978 Nouveaux elements de comparaison entre 
les socles des Vosges et de la Foret-Noire - Sci. Geo!. Bull. 31: 
57-65 . 

Fonteilles, J . 1968 Contribution a !'analyse du processes de spilitisa­
tion - Etude comparee des series volcaniques paleozoiques de 
la Bruche (Vosges) et de la Brevenne (Massif Central Frarn;ais ) ­
Bull. BRGM (2) 11: 1-54. 

Fourquin, C. 1973 Contribution a la connaissance du tectonogene 
varisque dans Jes Vosges meridionales. I. Culm de la region Gi­
romagny - Sci. Geo!. Bull. 26: 3-42. 

Franke, D . 1972 Paleogeographic and tectonic development of the 
external zones of the central European Variscides and their 
northern foreland . In: La chaine varisque d'Europe moyenne 
et occidentale - Coll. intern. C.N.R.S. (Rennes) 243: 515-529. 

Gilluly, J. 1971 Plate tectonics and magmatic evolution - Geo!. Soc. 
Amer. Bull. 82: 2383-2396. 

Hameurt, J . 1976 Le deroulement des evenements varisques et leurs 
antecedents dans les Vosges- Nova Acta Leopoldina 45 (224) : 
193-199. 

Herrmann, A. G. & K. H. Wedepohl 1970 Untersuchungen an spili­
tischen Gesteinen der variskischen Geosynklinale in Nordwest 
Deutschland - Contr. Mineral. Petrol. 29: 255-274. 

lrwing, E. 1977 Drift of the major continental blocks since the De­
vonian - Nature 270: 304-309. 

Jager, E. 1977 The evolution of the Central and West European 
continent. In: La chaine varisque d 'E urope moyenne et occi­
dentale - Coll. intern. C.N.R.S. (Rennes) 243: 227-229. 

Juteau, Th. & G. Rocci 1965 Contribution a l'etude petrographique 
du massif devonien de Schirmeck (Bas-Rhin) - Bull. Serv. Geo I. 
Als. Lorr. 18: 145-176. 

--1974 Vers une meilleure connaissance du probleme des spil ites a 
partir de donnees nouvelles sur le cortege spilito-keratophyri-



que Hercynotype. In: Amstutz (ed): Spilites and spilitic rocks­
Berlin: 253-329. 

(atzung, G. 1970 Das Permosiles im Si:1dteil der Deutschen Demo­
kratischen Republik - Ber. deut. Ges. geol. Wiss. A 15 : 7-27. 

(noth, W. & M. Schwab 1972 Abgrenzung und geologischer Bauder 
Halle-Wittenberger Scholle - Geologie 21: 1153-1169. 

(ramer, W. 1977 Vergle ichendegeochemisch-petrologische Untersu­
chungen an permosilesischen basischen Magmatiten der Nord­
deutsch-Polnischen Senke und ihre geotektonische Bedeutung­
Z. geol. Wiss. 5: 7-20. 

(rebs, W. 1976 The tectonic evolution of variscan Meso-Europa. In: 
D.V. Ager & M. Brooks (eds.): Europe from crust to core - J. 
Wiley & sons (London, New York) : 119-139. 

--1978 Die Kaledoniden im nordlichen Mitteleuropa - Z. deut. 
geol. Ges. 129: 403-422. 

(rebs, W. & H. Wachendorf 1973 Proterozoic-Paleozoic geosyncli­
nal evolution of Central Europe - Geo!. Soc. Amer. Bull. 84: 
2611-2630. 

~ardeux, H., J . J. Chauvel, J. L. Henry, P. Morzadex, Fl. Paris, 
Rachenbouef & M. Robardet 1977 Evolution geologique du 
massif Armoricain au cours des temps ordovicien, silurien et 
devonien. In : La chaine varisque d'Europe moyenne et occi­
dentale - Coll. intern. C.N.R.S. (Rennes) 243: 181-192. 

:..ehmann, E. 1974 Spilic magma. Characteristics and mode of form­
ation. In : Amstutz (ed.): Spilites and spilitic rocks - Berlin: 
24-38. 

~e Pichon, X. , J. C. Sibuet & I. Franchetaux 1977 The fit of the 
continents around the North Atlantic Ocean - Tectonophysics 
38: 169-209. 

Lorenz, V. 1976 Formation of Hercynian subplates, possible causes 
and consequences - Nature 262: 374-377. 

Lutznes, H. & M. Schwab 1972 Die tektonische Stellung des Harzes 
im variszischen Oro gen - Geologie 21: 627-670. 

\1archand, J. 1973 Contribution a l'etude petrologique et metalloge­
nique de la region de Giromagny (Vosges meridionales)- Geo­
logie (Besancon) 3• Sfa.: 183-194. 

Vlobus, G . 1968 Tektogenese und Magmatismus im Gebiet der 
Deutschen Demokratischen Republik - Geologie 17: 631-641. 

Vlucke, D. 1973 Initialer Magmatismus im Elbingeroder Komplex 
des Harzes - Freib. Forschungshefte C 279: 11-138. 

'licolas, A. 1968 Permian volcanics of the Suche Mts. in the intrasu­
de tic basin - Geo!. Sudetica 4: 400-409. 

'lowakowski, A. & A. K. Teisseyre 1971 The Carboniferous and 
Tertiary volcanic rocks in the Northern margin of the intrasu­
detic basin (Central Sudetes) - Geo!. Sudetica 5: 232-237. 

)berc, J. 1968 Die geomagmatischen Zyklen in Sudeten und ihre 
Verbindung mit den Tektogenesen - Geologie 17: 661-669. 

)en, J. S. 1970 Granite intrusion, folding and metamorphism in 
central northern Portugal - Bo!. Geo!. Min. 18: 231-298. 

'alivcova, M. & N. Stovickova 1968 Volcanism and plutonism of the 
Bohemian Massif from the aspect of its segmental structure -
Krystallinikum 6: 169-199. 

'eterlongo, J . M. 1960 Les terrains cristallins des Monts de Lyonnais 
(Massif Central Frarn;ais) - Ann. Fae. Sci. Univ. Clermont 
Ferrand, Geo!. Miner. 4: 21-24. 

-Zambaud, F. 1978 Distribution de focos volcanics y yalimientos en la 
banda piritica de Huelva - Bo!. Geo!. Miner. 89: 223-333. 

fast, H. 1978 Die Erscheinungsformen des Vulkanismus im Rahmen 
der Plattentektonik - Z . geol. Wiss. 6: 1345-1355. 

-Zid ing, R. 1976 Model of the Hercynian fo ld belt - Earth Planet. Sci. 
Le tt. 24: 125-135. 

focci, J. & T h. J uteau 1968 Spilite-keratophyres et ophiolites. 
Influence de la traverse d'un socle sialique sur le magmatisme 
initial - Geo!. Mijnbouw 47: 330-339. 

-Zollig, G . & B. Schirmer 1978 Z urn Stoffbestand der subsequenten 
variszischen Vulkanite im Sudteil der DDR - Z. geol. Wiss. 6: 
1101-1118. 

31 

Rosier, H.J. & C. D. WerneF 1978 Zur stofflichen Entwicklung und 
strukturellen Stellung variszischer Initialmagmatite in Mitte l­
europa - Z . geol. Wiss. Berlin 6: 967-983. 

Sagon, J . P. 1967 Sur la complexite du volcanisme dinantien dans la 
partie orientale du bassin Chateaulin: decouverte d'une serie 
spilito-keratophyre dans la region de Saint-Martin des Pres 
(Cote du Nord) - C.R. Acad. Sci. Paris 264 D: 1561-1564. 

Schermerhorn, L. J. G . 1970 Mafic geosync!inal volcanism in the 
Lower Carboniferous of South Portugal - Geo!. Mijnbouw 49: 
439-449. 

--1975: Spilites, regional metamorphism and subduction in the 
Iberian pyrite belt: some comments - Geol. Mijnbouw 54: 
23-35. 

Schmidt, K. 1976 Das 'Kaledonische Ereignis' in Mitte l- und Sud­
westeuropa - Nova Acta Leopoldina 45 (224) : 381-397. 

--1977 Der altpalii.ozoische Magmatismus und seine Stellung in 
der Tektonischen Geschichte Mittel- und Sudwesteuropas - Z. 
dt. geol. Ges. 128: 121-141. 

Schmidt, K., G. Katzung & D . Franke 1977 Zur Entwicklung des 
prapermischen Untergrunds und des Magmatismus im sud­
westlichen Vorfeld der Osteuropaischen Tafel-Z. angew. Geo!. 
23: 426-436. 

Schroeder, E . 1973 Probleme tektonischer Untersuchungen im Oro­
gen, speziell in den Varisziden - Veroff. Zentralinst. Phys. Erde 
14: 273-302. 
1977 Probleme des Initialmagmatismus in den mitteleuropai­
schen Varisziden. In: Probleme der Varisziden in Mitteleuropa 
und im Gebiet der UdSSR- Veroff. Zentralinst. Phys. Erde 44: 
65-73. 

Schwab, M. 1968 Zur Vulkanotektonik im Permokarbon - Freib. 
Forsch. C 219: 109-125. 

--1970-a Die Beziehungen der subsequenten Vulkanite desPermo­
siles zum variszischen Orogen, dargestellt unter besonderen 
BerucksichtigungdesHalleschen Vu l kanitkomplex-Geo logie 19 : 
249-280. 

--1970-b Tektonik, Sedimentation und Vulkanismus im Permosiles 
Mitte leuropas ~ Ber. dt. Ges. geol. Wiss. A 15: 25-45 . 

--1977 Zur geologischen und tektonischen E ntwicklung des rheno­
hercynischen Variszikums im Harz. In: Probleme der Varisziden 
in Mitteleuropa und um Gebiet der UdSSR - Vero ff. Zentralinst. 
Erde 44: 117-147. 

Soler, E. 1973 L'association spilites - quartz keratophyres du sud­
ouest de la Peninsula Iberique - Geol. Mijnbouw 52: 277-288. 

Stussi, J. M. 1967 Elements nouveaux sur le volcanisme du Culm des 
Vosges meridionales-C. R. Acad. Sci. Paris D 264: 2978-2981. 

Van de Boogaard, M. 1967 Geology ofthe Pomarao region (southern 
Portugal) - Bull. Geol. Miner. 85: 113-123. 

Vidal, Ph., B. Auvray, R. Charlot, F. Fediuk, J . Hameurt & J. Wald­
hausova 1975 Radiometric age of volcanics of Cambrian 'Kri­
voklat Rockycany complex' (Bohemian Massif) - Geol. Rund­
schau M: 563-570. 

Von E ller, J.P. & P. Fluck 1977 Vosges et Foret Noire: Analogie et 
divergences de deux portions du socle Rhenan. In: La chaine 
varisque d'Europe moyenne et occidentale - Coll . intern. 
C.N.R.S. (Rennes) 243: 405-414. 

Waldhausova, J . 1971 The chemistry of the Cambrian volcanics in 
the Barrandian area - Krystallinikum 8: 45-75. 

Z iegle r, P. A. 1978: North-Western Europe: tectonics and basin 
development. In: A. J. van Loon (ed.): Key-notes of the 
MEGS-II (Amsterdam, 1978) - Geo!. Mijnbouw 57: 589-627. 

Zoubek, V. 1965 Moldanubikum und seine Stellung im geologischen 
Bau Europas - Freiburg. Forsch. C 190: 129-148. 

Zwart, H . J. & U. F. Dornsiepen 1978 The tectonic framework of 
Central and Western Europe. In: A. J. van Loon (ed.): Key­
notes of the MEGS-11 (Amsterdam, 1978) - Geol. Mijnbouw 
57: 627-655. 




