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Preface

The territory of the Czech Socialist Republic is a classical area of ancient
prospecting and modern geological imvestigation. The history of these activities
8. Neoldic geomerphological develapment (J. Tyrdéek, A, Zeman) . . . . . 325 covers almost 5000 vears, beginning at the time of Ceits and Slavs whe had
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84.2 Tertiary . . . - . . ..oy 331
8.1.3 Quaternary 41
References O i1

searched for aud mined gold, graphite and iron, and continuing with the
outstanding researches of G. Agricola and J. Barrande. Modern geological,
geophysical and geocherical studies contribute greatly to the raw-material and
energy hasis of the country and to international science.

‘Tne modeen history ol geology in Czechoslovakia may be divided into two
periods: the earlier period of classical geology represented by Kettuer's school
culminating in the preparation of the 23rd Geological Congress in Prague. This
opened a new stage introducing into geology exact geophysical and geochemical
data. This book is one of the firsl summarizing evaluations of the results
achieved in this period: it shows the direction and progress of Czechoslovak
geology during the last twenly yvears and demonsiraies Lhat geological knowledge
then increased at a greater rate than at any previous time. From the volume ii
is apparent that the. direction of geological activity towards the cnsurance of
fuel-energy and raw-material resources made possible a more intensive develop-
ment ol the earth sciences, which thus could keep pace with progress in the
lcading countries ol the world.

in the lirst part of this publication the team of authors generalize the results
of regional, geophysical and geochemical invesligalions, providing a piclure of
the regional and deep slruciure of the region, its stratigraphy and geological
history. Much attention is devoted to the origin of uselul mineral aceumulations
during the magmalic, sedimentary and melamorphic processes. It is mainly in
the study of these problems, and in the chapter on the deeper structure of the
earth’s crnst that progress is most apparent, compared with the literature of the
19607,

The sccond part of the book contains an overview of promising mincral
deposits in the territorv of the Czech Socialist Republic. In this part [ would
attribute importance 1o the finding that the Hercynian deposits ol So-W, pely-
metallic and gold deposils represent reaclivated earlier, Precambrian acecu-
mulations of the elements. This could lead to the discovery of stratiform deposits
poorer in metal content that are associated with older rock complexes. The
prospects for oil and natural gas occurrences in Moravia and discoveries of
coal-bearing formations in central and northern Bohemia {the uareas around
Mélnik, Slany and at the foot of the Krkono$e Mis.} and in piedmont of the
: Beskydy Mis. in Moravia are also relevant. The appraisal of the [uture of
. industrial and unconvential mineral materials brings new possibilities and tasks
. for the Czech geological service.
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The authers should be congratulated upon this scientific team work, which is
a summary of geological activity in the recent peried and an important
document contributing to the recognition of natural conditions of our country.
As well as being highly instructive o Lhe experts, it will be readily understand-
able to a wide circle of readers.

Prague, March 19, 1982 Dr. Josef Pravda

12

1. Introduction

More than two decades have passed since the publication of the “Tectonie
Development of Czechoslovakia” and the “Regional Geology of Czechoslovakia™,
These two books presented a summary of the results achieved in geological
investigations, which were graphically expressed in a set of general geological
maps. These depicted the ideas and opinions of geologists on the composition
and structure of the Bohemian Massif and the Carpathian mountain system, as
they were visualized in the sixties of this century.

Knowledge of world and European geology, however, has advanced at a high
rate during the last twenty ycars. It has brought a number of new theories and
information which have assisted in refining existing hypotheses and in 1lhe
solution of intricate structural problems.

The coming generation of young geologists has accepted the new theories
and findings developed abroad and applies them in detailed investigations.

The regional-geological studies of the Bohemian Massif and the Carpathian
mountain system combined with detailed geological mapping on a scale of
1 :25,000, and complemenled with geophysical and geochemical research,
detailed petrographical, palaecontological investigations and determination of
radiometric ages of rocks, have brought many remarkable results, These
complement and modily earlier opinions and contribute to a more objective
recognition of the geclogical setting and structure of the country.

The present publication dealing with the Bohemian Massif and the Moravian
part of the Carpathians provides a brief summary of the new data concerning
the age, composition and structure of the territory of the Czech Socialist Re-
public. The geological conditions of both the crystalline basemeni and platiorm
cover are discussed and the stratigraphy of the sedimentary formations of the
latter is defined with more precision. Compared with the Regional Geology and
Tectonic Development of Czechoslovakia, the publication is somewhat differently
divided. It has seven main chapters, the most interesting of which are the
chapters on the deep structure, and the magmatic and metamorphic history.

Comparison of the present state of knowledge of the geology and structure
of the regions studied with opinions held some twenty years ago shows a definite
progress and makes this publication worthy of the attention of experts both at
home and abroad.

Prague, March 19, 1982 Dr. J. Svoboda
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2.1 Position of the geological units

in the structure of Europe

On the territory of the Czech Socialist Republic three basie units of the geological
structure of Hurope are represented (Fig, 2.2):

— the Bohemian Massif, which is the casternmost part of the
Furopean llercynides {Meso-Kurope}, builds up Bohemia and the western
hall of Moravia;

— Brunovistulicum (the Brnoe umnit), which is a part of the
Precambrian basement of both ihe llercynides and Alpides (Palaeo-Europe)
at the eastern margin of the Bohemian Massif and in the West Carpathians,
forming the south-western margin of the Ukrainian Shield; _

— Lhe West Carpathians, which belong to the Alpine-Carpathian
orogenic belt (Neo-Enrope),

2.1.1 The Bohemian Massif

The Bohemian Massif forms in Central Europe a block of rhombic shape, which
sends two projections towards NW — the Harz and the Thitringer Wald. The
surface delimitation of the Massif is in places well defined and unambiguously
determinable, in places indistinet and placed more or less conventionally along
the Permian—Triassic boundary, In the N ihe Bohemian Massif is hounded
by the marginal fault of the Thiringer Wald and the Franconian, Keilberg and
Danubian faults. In the XK the lault of the middle Odra is regarded as Lhe
boundary of the Massif. In the N beyond Bohemia, on the territory of the
German Democralic Bepublic {((C.D.R.) and Poland (P.L.R.), the Bohemian
Massil submerges beneath the Triassic and younger platform sediments. In the
5 and SE, the limitation, unless formed by faults, is defined by the boundary
with the Brunovistulicum and by the houndary of the continuous Miocene filling
of the Alpine and Carpathiun foredeeps. Miocene sediments penetrate bevond
this limit far into the Bohemian Massif through ancient valleys, and the
Pliocene deposits mainly iu the transverse structure of the Upper Moravian

. tectonic depression. The pre-platform complexes of the Bohemian Massif extend

towards SW, NW and NE under the thick sedimentary cover of the West
Evropean Platform.

The Bohemian Massif is the easternmost so far known
Part of the Variscan (more strietly Ligurian — Molda-
nubian) branch of the European Hereynides (PL I). In all
classical concepts, from the scheme of Suess (1903} to that of Aubouin {1963),
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‘. .it is considered 10 be the ceniral part of the IHereynian orogen with one or two
wings of its divergent structure; in the mohilistic conceptions it is generally
placed on the northern margin of the so-called South European continent
separated from norihern Europe by the ocean {Fig. 7.3).

However, many interpretations of the position of the Dohemian Massif in the
geologica] structure of Europe are based on mistaking the Ilereynian elements
for the earlier, chiefly Cadomian orogenic elements.

The belt of Cadomian orogeny which had consolidated the
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_ET basement of the Bohemian Massif cun be traced from Central Europe towards
.- -94/5' . TEHM‘;"K west and east (Pl. TI. Tt exlends westwards through the southern part of the
. )'I 4 I::J: ::m cS.:I ! Schwarzwald to the Vosges. the Massif Central francais, the Armorican Massif
S 5 '-'a_::'|:|_°n_|£|_l:l. 55%; and farther into southern Kngland, [ is presumed that it continues across the
. ‘)) (dr::::::: :'I,'|.| 2E= Atlantic Ocean into New Brunswick (the Avalenian—Cadomian orogenic belt).
DRI, N R A g This continuation is by some authors {e.g. Rast-Grant 1973) mistaken for
< the extension of the Iercynides which, according to predominating concepts,
;l:j turn to the [berian Peninsula (P I},
;‘f In the Ewopean part Zoubek (1972) and Zoubek-Vyskodil (1971)

differentiate two zones of the belt: the Moldanubian—Arvernian and the
Barrandian— Brioverian, which are separated by a system of Precambrian deep
faults forming the Perimoldanubian lineament (Fig. 2.2). According 10 Zoubek
and Vysko¢il. this dividing line within the Bohemian Massif coincides
with the Moldanubian/Proterozoic boundary (i.e. the Moravian line—labe line—
Central Bohemian suture). In the opinion of other writers it corresponds to the
tectonically disrupted zone of SW—NFE segments, marked by doubled magnetic
anomalies and anomalous development of magmatism and metallogeny (Ber-
nard 1978},

The continuation of the Cadomian orogenie belt towards E and NE is assumed
by Pouba (1970) and Necdaev {1968). On the basis of the correlalion
of lithofacies development of banded iron ores in the Precambrian of the
Bohemian Massif and in the western part of the Fennosarmatian platform, Pouba
postulates its extension up to Minsk; Nedaev (op. ecil.) correlales the
lithostratigraphic units of the Bohemian Massif with the Vendian units of the
northern margin of the Ukrainian Shield.

Irrespective of the effects of the Cadomian basement and the later tectonics,
the following zones of the Ilercynian orogenic belts are
distinguished in the Bohemian Massif: the Moldanubian zene, which
is regarded as the central one (Stille’s Alemanian threshold extending into it}
andthe Saxothuringian zoune. The Rhenohercynian zone
and the zone of Herevnian foredeeps are beyond the territory
of the Czech Soc. Republic. Farther cast- and south-eastwards there are the
Moravo-Silesian zone (AMoravicun and Silesicurn in the sense of
Kossmat) and the Sudeticum. These zones probably form the basement
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of the Alps {ILanrent 1972, Wieseneder et al. 1976}, where they crop
out in places (e.g. in the Helveticum — von Raumer 1976). Close analogies
between the eastern margin of the Bohemian Massif and the southern margin of the
Massif Centrul frangais in the Mentagne Noire are in accord with the above
said (Suk - Weiss 1981). The Carboniferons sedimenis in the Alps also show
the character of the southern Inner Molasse of the Variscan branch (Krebs -
-Wachendorf 1973).

The late stage of the Hercynian orogeny in the Bohemian Massif is characteriz-
ed by disintegration into blocks of different development (formation of intra-
montane depressions with terresirial sediments, autonomous movement of hlocks,
diffcrent thermal character of blocks in the Permian ete.). The termination of
the Hereynian development is placed in the Upper Carboniferous, in the Permian
or Triassic. It is. however, indisputable that from the Late Permian {which is an
important time-boundary for all European regions) the Bohemian Massif has

been an Epihercynian platform rejuvenated in Saxonian times (Malkovsky
1979).

2.1.2 Brunovistulicum (the Brno unit)

The crystalline basement at the eastern margin ol the Bohemian Massif, east
of the Moravo-5ilesian teetonic zone and beneath the Carpathian foredeep and
the Palaeozoic of Maoravia, was formerly thought to be somewhat loosely con-
nected with the Bohemian Massif (Zapletal 1926, Zoubek 1948),
although different geological and tectonie [eatures have been recognized. Only
recently has the investigation of the deep structure (Dudek 1961, L1980,
Tomsik 1972, geochronometric sindies (Dudek - Melkova 1975,
Scharbert - Batik 1980} and interpretation of the deep structure iBe-
ranek 1971, Roth 1977, Stelcl- Weiss 1978, Weiss 19771 shown
that 1t is a separate geological umit, very likely belonging to the Feano-
Sarmatian Platform (Fig. 2,3]. This connection has been corroborated by borings
Lo the basement of the Upper Silesian basin both in Poland and Moravia, and
evidence exists (R oth 1977) that ihe unit continues eastwards in the hasement
of the West Carpathians and links directly on the northern part of the Ukrainian
Shield. In this respeet our definition of the Brno unit differs from the concept
of Dudek (1980), who considers the Brunovistulicum to be the south-
western part of the Brno unit. A eontinuity of the crustal structural elements
in this area lends support to this opinion. As the unit had not been reworked
either by Hercynian or Alpine orogeny, it has preserved the original, late
Prolerozoic character, Some of its parts may have been incorporated into the
Hercynian structure, TomEik (1972), lor example, noted certain analogies
between the gneisses in the Brunovistulicum near Ostrava and those in the
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Desna dome, and Jaro§ - Misafb (1974, 1975 an analogy of the Tiinov
Brunides in the Svratka dome. Dudek (1980; suggests that the Brno unit
may continue benealh the Moravicum and Moldanubicum, which is also indicat-
ed by anomalous plienomena in the earth’s crust along the eastern margin of
the Bohemian Massif (Suk - Weiss 1981,

2.1.3 The Moravian sector of the West Carpathians

The West Carpathians exlend Lo castern Moravia with their westernmost
marginal part. They comprise the Flysch Belt and the Foredeep,
which forms tlie western part of the arc turning back from Poland to eastern
Slovakia and linking on the Alpine [oredeep in Anslria, at the southern boundary
of the Bohemian Massif. The other part is the Tertiary Vienna hasin,
which seads its northern projection to southern Moravia.

Many units of the Flysch Belt continue south-westwards into the Alpine region
and north-eastwards inlo the Polish and Slovak parts of the Carpathian
mouniain are,

The Wauschberg sector ol the Zdanice-Subsilesian
unit extends in a similar development inlo Austria, The Subsilesian develop-
ment passes 1o Polwud where 10 1s knowi as far as the drainage basin of the
river Wislu. The continuation of the Subsilesian unit in the North and East
Carpathians is not vel clear. From the comparative studies it appears that the
Subsilesian unit. as coneeived by Polish geologists, corresponds 1o the outer
part of the Silesian unit in Moravia, which is situated in the foreland of the
Babka development {Kelé unil, sensu E1ia§ 19815,

The Silesian unit, especially its Godula development, conlinues into
the Carpathians of Poland.

The Fore-Magura unit persists 1o the I towards the Polish part
of the Carpathians.
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The Magura Group is the most imporlant umit of the Flysch
Carpathians and eonlinues north-eastwards into the Polish Carpathians. )

The Bada unit of the Magura Group kinks in SW on the Greifenstein nappe
of the Wiener Wald and passes into the Polish Flyseh Carpathians in the NE.
The Bystriea unit ean be traced into the Polish Carpathiuns on the basis of Lthe
Middle Eocene solid marlstones ealled “marls of F.acke” in Poland. Its south-
western exlension into Austria is not vet clear. The Bilé Karpaty unit eontinues
sonth-westwards across the basement of the Vienna basin into Austria. where
it links on the Kahlenberg nappe and probably also the Laab nappe of the
Wicner Wald. Its equivalent in the Orava area {NE of the Pérnica sygmoid of
the Klippen Belti is the Orava-Magura-Krynica unit, which continues into
Poland and the castern part of the Slovakian Carpathians.

The Vienna basin and theForedeep are parts of the Paratethys,
whielt in the Oligocene and at the onset of Neogene had separated when {he
northern part of the Tethys was disintegrating. They belong to the extensive
system of basins, whicli is traceable from the Rhone-river valley to western Asia.
The Foredeep is directly connected with analogous struclures in Awusivia and,
oun the other sice. continues into Poland. The greater part of ihe Vienna basin
spreads “n Ansiria.

2.2 Regional geological division of the units
2.2.1 The Bohemian Massif

The regional-geological division of the Bohemian Massif is very non-uniform.

The reginnal-geological and teclono-melamorphic units are loosely grouped to

form units of a higher order, whieh are usually based on their position in Lhe

Hercynian orogen. For example, Stille (1951) in his elassical work distin-

guished: the Moldanubieum fincluding 1he Barraudian and the Zelezné hory

regions), Saxothuringicum. Lugicum, Morave-Silesicum and Vistulicum {in the
basement of the Upper Silesian basin).
Zoubek and Madka (in Buday et al. 1960] divided the Bohemian

Massil into

al the area of the Bohemian intermentane block, subdivided into the MMoldanu-
bian elevation (Moldanubicum}, the Tepld-Barrandian region and the loosely
attached Brunia block;

b: the area of inlensive llercynian tectogenesis, comprising the Krusné hory-
Thiiringen region, the Zelezné hory-West Sudetic region and the Moravo-
Silesian zone.

Svoboda et al. (1966; Iaid great stress on regional and stratigraphic
division and have differentiated :
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the Cryslalline of the Bohemian Massif which involves the Meldanubicun
and the crystalline units ol Kutné Hora, north-western Bohemia, the West
Sudeten and ol the Moravo-Silesian region (Silesicum, Moravicum and the

a)

Brhno massif]

b) Algonkian and Palacozoic of the Bohewnian Massif
¢} Permo-Carbonilerons basins
d) Mesozoic of the Bohemian Massif
e} Tertiary of the Bohemian Massif and
f} (Juaternary of the Bohemian Massil,

A division based implicitly on the position of the unils in the Hereynian
orogen. which is decisive for the Bohemian Massif, would require to distinguish:
the Precambrian basement (viz. unils affected by Cadomian or earlier

tectono-metamorphic proecessesi,
— the Palacozoie. disturbed by Palacozoic tectono-melamorphic processcs,
— the units formed in the period of inversed tectonie regime (Upper Carboni-
ferous, Lower Pernian in the Boheminn Massil),
— the platform units (Jurassic, Upper Crelaccous and Tertiaryl,
— the Quaternary of the Bohemian Massil,

This division according to struclural luyers, however, poses a number of
unselved problems. In particular, there are difficulties in diseriminating between
the Precambrian and the Lower Palaeozoic in metamorphic units, and between
the individual Cadomian and Hereynian units in the basement of platform
sediments, as well as a lack of criteria for distinguishing belween the Cadomian
and pre-Cadomian unils, and the impossibility to establish a uniform time limit
belween the Herevnian and platform units. For these reasons, we use the
regional division proposed by the Commission of the Czechoslovak Academy of
Sciences (Chlupad et al. 1976}, modified aceording to the latest investigation
results and the principles given above. Tt is as ollows:

1. Crystalline and Palacozoie affected by Tlereynian orogeny

2. Units of the period of inversed tectonic regime, 1.e. the Devonian and T.ower
Carhoniferous of Moravia. Carboniferous, Lower Permian of the Bohemian
Massif

3. Platform units, viz Lower Permian, Triassie, Jurassic and Lower Cretaceons,
Upper Cretaceous and Tertiary of the Behemian Massif

4. Quaternary of the Bohemian Massil.

The Crystalline and Palaeozoic affected by Hercyn’an orogeny

This group involves the umnits consisting of metamorphosed Precambrian and
Lower Palacozoic rock complexes with Cadomian and Hercynian plutonites

(Fig. 2.4.3:
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The Kutna ilora-Zelezné hory region
It comprises the Precambrian units with the relics of the Palaeozoic mantle, which

rim the Moldanubicum in the N and NE and extend beneath the sediments of
the Bohemian Cretaceous Basin.

a) The Kutna Hora Crystall ine (sl): ervstalline complexes {with
a predominance of orthogneiss and migmatite} at the northern margin of the
Moldanubicum. It is divided into lower, geographically defined subunits, e.z.
the Caslav. Cheb or Podhotany crystalline complexes; the Ransko massif is an
additional part of this unit.

b} The Chrudim Palacozoic: a complex of Palaeozeic rocks in the
Zelezné hory Hills and north of them {in the area of Prelou¢, Hefmandv Méstec
and Chrudim). The Pieloué und Vapenny Podol synclines have been differentiat-
ed in it.

¢) The Hlinsko zone: a complex of low-grade metamorphics of Late
Proterozoic and Palacozoic age forming a NNE—SS5W trending belt ai the Ze-
lezné hory/Ceskomoruvskd vrchovina boundary.

d The Svratka Crystalline: Proterozoic rocks metamorphosed in
the medium to highest grade, at the NE boundary of the Moldanubicum, be-
tween the Hiinsko zone in the NW, the Moravicum in the SE and the Zabfeh
Cryslalline In the NE.

e The Zelezné hory pluton: a complex body of plutonic magma-
tites in the Zelezné hory llills, Tt consists of the Nasavrky massif (between V-
penny Podol, Skuted and 1linskej and 1he Chvaletice masstf.

The Lusatian region (Lugicum)

This erystalline unit built up of metamorphosed Proterozoic and Palaeozoic rock
complexes forms the northern margin of the Bohemian Massif east of the Labe
valley as far as the Ramzova tectomic line. In the S it continues into the

basement of the Bohemian Cretaceous Basin. The principal constituent parts are
as follows:

a) The Krkonodc-Jizerské hory Crystalline: ecrystalline
complexes cropping out at the surface from the Rychory to the Jediédsky hibet
Ridge, and in isolated occurrences in Zvifina, near MarSovice, ele. The unit
extends into the basement of the Krkonofe-piedmont basin and of the northern
part of the Bohemian Cretaceous,

2. b) The Orlické hory-Klodzko Crystalline: ecrystalline
" complexes in the eastern part of the Lusatian region in the Orlické hory Mis.
up to the Ramzova teclonic line.
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The Moravo-Silesian region

The complexes of pre-lHercynian and Hercynian metamorphic and igneous
rocks jointly with metamorphosed Devonian and Lower Carboniferous rocks in
Moravia and Silesia make up two units:

a} the Moravicum: a belt of metamorphics bordering the eastern margin
of the Moldanubicuim in western Moravia, in the Dyje and Svratka [Domes

b) the Silesicum: Proterozoie te evidently Devonian units-of meta-
morphices in the Hruby Jesenik Mts.

The units of the inversed tectonic regime
The Moravian Devonian

The area of the unmetamorphosed or low-melamorphosed Devonian and Lower
Carboniferous of Moravia forms a separate geological unit overlying Precambrian
of the Bohemian Masstf and the Brunovistulicum; the oceurrence of the Silurian
near Stinava in the Drahanskd vrehovina Upland is also annexed to it. It is
divided into two large regional units: the Drahanska vrehovina Upland with the
Devonian of the Moravian Karst, Devonian of the Upper Morava depression, of
the Néméice and Konice-Mladeé belis, and the Nizky Jesenik Ilills {the Stern-
berk-ITorni Benelov belt, Malenik block). The Devonian of soulhern Moravia
comprises Lhe Devonian oceurrences near Krhovice in the Boskoviee Furrow and
in the basement of the Carpathian foredcep. The Moravo-Silesian Carboniferous
links on the Devonian,

A part of the Moravian Devonian and Lower Carbouiferous is buried by the
sediments of the Carpathian foredeep and by the nappes of the UOuter
Carpathians. The occurrences of the Lower Carboniferous are confined to tle
sedimentary areas of the Devoniau, in which they gradually developed in places.
They are discussed in the paragraplh on the Devonian. [n the eastern part
Upper Viséan sediruents are transgressive on the Frasnian limestones; they
were deposited alter a rather long hiatus.

The region of the Moravo-Silesian
Upper Carbontferous

At the external margin of the Hereynian orogen there is the Upper Silesian

Basin, which is the only Czechoslovak hasin where the paralic Nannirian
developed gradually from the marine Lower Carboniferous.
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The Upper Silesian Basin is situated on the territory of Czecho-
slovakia aud Poland, between the cities Ostrava, Krakéw and Tarnowskie Goéry.
Sedimentation developed in three stages. It the early Namurian an intermontane
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214 Carboniferous and Permian in the Bohemian Massif (nomenclative scheme of ‘m}sins)
I — paralic basins; 2 — transitional basins; 3 — continental sedimentation; 4 — established
bounlaries of Permo-Crrboniferous; 5 — inferred boundaries of Permo-Carboplferous; § —
major faults, determined; 7 — inferred faults; 8§ — principal strikes of basin axes; 9 -
principal strikes of structural elevations; 10 — boundaries of basins. Basins: 1 — Plzeid
basin, II — Man>tin basin. 111 — Zihle basin, IV — Rakovnik basin, ¥ — Kladno hasin,
VI — Roudnice basin, VII — Ceskd Kamenice depression, VIII — Mgeno basin, IX —
Mnichovo Hradigte basin, X — Krkono3e-piedmont basin, XI — Bohemian part of the Lower
Silesian basin; XII — Blanice Furrow. XIfa — northern part (area of Cesky Brod and
Kostelee nad Cernyvmi Lesy), XL — central part {neighbourhond of Tibor and Vladim),
XIII — Orlice basin, X!V — Boskovice basin, X¥ — Bohemian part of the Upper
Silesian basin (V. Holub - R. Tasler 1980;

depression had «developed from the [oredeep and this in turn in the late
Namurian and \estphalian into an intramonlane basin with continental sedi-
mentation, which in the Polish part persisted until the Early Permian. The
Upper Carbonilerous coul-hearing deposits continue from Poland in the N and
E 10 Czechoslovukia, extending westwards as far as the Str's marine band and
its stratigraphic equivalents. The southern limitation of the basin is still unknown.
The Koprivuice-Trinec ridge divides the area into the Ostrava-Karvina and the
Sub-Beskides basins. Structurally, the area is characlerized by fold structures,
in particular by lincar asymmetric anticlines. The western marginal zone is the
only Upper Palaeozoic area in Czechoslovakia with folded Upper Carboniferous.
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Bohemian Cretaceous Basin (apart from the outcrops along the Luzice fault).
Its south-western boundary is represented by the Mariovice-Bezdéz Subcretaceoug
elevation and its continuation towards SE.

d) The Orlice basin (synonyms: Orlické hory basin, Permo-Carboniferous
Furrow at the foot of the Orlické hory Mis.) embraces the sediments of the

Permian (possibly also Carboniferous) and lies between the Malonin horst in the
SE and Zamberk in the NW.

The region of Central Bohemian Permo-Carhoniferous

The Carboviferous and Permian deposits of this region occur in central and
western Bohemia (so-called Central Bohemian facies) and in the Kruiné hory
Mts. The Mardovice-Bezdéz elevation separates this region from the Permo-
Carboniferous area below the Krkonofe Mts. and the Kounice ridge separates
it from the Permo-Carboniferous of the Blanice Furrow north of Cesky Brod.

al The Plzefi basin is situated in the western neighbourhood of Plzei.
Originally it was connected with the Manétin basin, Nowadays it is separated
from the latter by a Proterozoic horst and a meagre communication is maintained
only between Lomni¢ka and Dolni Bfiza.

bl The Mané&tin basin lies NW of the Plzefl basin.

¢c) The Radnice basin is a system of tectonically downthrown blocks,
which represent separate coal-bearing depressions (coal-bearing grabens, after
L. Cepek) near Biasy-Vranov, Svaty Kiiz, Vejvanov, Chomle and Skomelno,

dj The Rakovnik basin is the central part of the original Kladno-Ra-
kovnik basin. The Nové Siradeel (Bilichov) pre-Carboniferous ridge separates
it from the Kladno basin, The Kladne basin is limited in the W by the Nové
Stra3eci ridge of the pre-Carboniferous basement, and in the E it contacts on
the Roudnice basin along the Kralupy nad Vltavou—Litomé&Fee line. A number
of longitudinal and transverse pre-Carboniferous ridges divide the basin into
several depressions, some of which contain important mineral deposits {e.g. the
Kladno, Stany and Peruc depressions).

In the east and north of the Central Bohemian Permo-Carboniferous region
there are three regional structural units in the basement of the Bohemian
Cretaccous Basin, viz. the Roudnice, Mieno and Ceské I{amenice basins.
ei The Roudnice basin adjoins the Kladno basin in the W and the
Mseno basin in the E (along the Mélnik—Dub4 line). Previously it was called
the “confluence” (Vachil 1965) or Labe (ITolub 1970} area.
fi The M§eno basin is bounded against the Roudnice basin by the M&I-
nik—Dubé line in the W and in the E it is lmited by the Marsovice-Bezdsz
Subceretaceous elevation and its south-eastern continuation. In the E the basin
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is divided by the Lusténice Subcretaceous ridge into the Meely and Vlkava
:;PPTBT]S?“E eska Kamenice basin (syn. Ceskd Ke.tmenice .depre:ssion)
is situated N of the Roudnice basin, being separated from it by a ru!ge in the
crystalline basement. In the past it was wrongl)'r regarded. as a' projection of the
Roudnice basin. Its structural position is complicated by iis being located at the
intersection of Sudetic and Kruiné hory tectonic directions. Seme authors place
it in the Krkonoie Permocarboniferous area and consider it to be the north-
western continuation of the Mnichovo Hradisté basin. .

To the south and west of the Permo-Carboniferous interconnected basins of
central and weslern Bohemia there are several minor occurrences, which were
originally joined with them. They were inappropriately denoted as separate
basins (e.g. N ¢mejc 1953, et seq.) or as “islets”.

In the neighbourhood of the Plzefi basin there are the occurrences Merklin,

Skapee. St¥ibro, Letkov and Miroov, and the Holoubkov oecurrence near thf:
Radnice basin. Genetically associated with the Rakovnik basin are the Carboni-
ferous occurrences near Zebrdk {syn. Stilec basin, basin “na Stilei”) In the
environs of the Kladno basin there occur denudation relics ,Na Lisku” near
Beroun, and near Hyskov and Malé Prilepy.
h) Permo-Carboniferous in the KruSné hory Mts. The
Permo-Carboniferous occurrences in the Kru$né hory Mts. in Bohemia include
the Brandov basin, occurrences near Mikulov and in the vieinity of the Tepliee
porphyry.

The group of Furrows

In the classical conception the “Furrows” are asymmetric basins elongated in
N—S direction and filled with sediments of upper Stephanian to lower {or even
upper) Autunian. The group includes the Permo-Carboniferous of the Boskovice
and Blanice Furrows. . .
a) In the Boskovice Furrow the Carboniferous and Permlarf deposits
occur between Moravsky Kromlov in the S and the Malonin horst in the N,
including the denudation relic near Miroslav. The Furrow, however, conlinues
southwards 1o Austria, where the Permo-Curboniferous sediments occur near
Zﬁbillg. ‘

b) In the Blanice Furrow isolated Carboniferous and Permian occur-
rences extend from Ceské Budéjovice in the S as far as the area of Cesky Brod
in the N. Nolub {1972) divides them into &} the northern part {occurrences
near Cesky Brod and Kostelec nad Cernymi lesy, b) the central part — occut-
rences in it,he Vlasim area (Nesperska Lhota—Chobot, Celive—Milovanice, Vlasti-
$ov) and near Tabor (between Chynov and Turovee) and ¢) the southern part
near Ceské Budgjovice.
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Recently, the term “Furrows™ is also used for structures that do not show
all features characieristic of classical Furrows. Of this tvpe are the Jihlava Furrow
{with Upper Palacozoic sediments of the Zelezné hory ncar Kraskov and the
Sec¢ dum), the sediments assessed by boring W of Iradee Kralové (Urbanice,
Zizkovee!. the central trough of the Plzen basin, the Zille basin. and the Orlice
basin which, however, extends in an atypical direction of N\WW=SE,

The umils of the plaiform cover
Upper Permian and Triassic

Permian sedimentation was closed during the Zechstein in the Lower Silesian
Basin (sn-called Pialziun phasel and after a short interruption a new platform
sedimentation started in the Early Triassic.

Triassic sediments {Seythian—Anisiani are in the Bohemian Massil represented
i lhe Gernan development and confined te north-eastern Bohemia (ihe Lower
Silesian and KrkonoSe-piedinont basins). They close the continental megacycle
ol Late Palacozoic sedimentation.

Jorussic and Lower Cretaceous (?)
it the Bohemian Massif

The Jurassic sea encroached upon the Bohemian Massif from the boreal region
i the N aud from the Tethys in the S. On Taunal evidence 1the 1wo regions were
conjoined. The relies of Jurassic sediments are preserved in tectonic fragments
along the Lusatian faull around Doubice near Krasna Lipa, in the Moravian Kirst
{Olomudanyi. in the arca of Brno (11ady, Strdnska skala, Nova Hora and Svéd-
ské valy localities]. Extensive areas are covered with Jurassic deposits in the
basement of the Neogene foredeep and flysch nappes from the Zdéanicky les
{Uhficel to the Czechoslovak—Austrian boundary aund farther to the Danube
vallex. Towards 1he SE the .Jurassic is traceable up to the Bulhary—Kohyli—
Osvélimany line. where they have heen encountered by boring.

In the basement of the Neogene and flysch sediments ol the Carputhians there
are also detrilal sediments of the liwer Cenomanian—Sencnian (borceholes Mi-
kutov-1.2. Strachotin).

Cretaceous system in the Bohemian Massif

I the Bohemian Massif the representatives of the Cretaceous sysiem are oOc¢cur-
rences of the Cretaceous transgressing from the Alpine-Carpathian region, and
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Photo by J. Svobada

The Bohemian Cretacenus Basin near Jicin., Prachov-

pper Turonian sandstones,
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U'pper Turonian sandstones, Prachovské skaly. North Bohemia
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Photn by J. Svoboda

pecurrences in the Bohemiun Cretaceous basin, in northern Moravia near Oso-
blaha el in tie Santh Behemian basins,

The Bohemian Crelaceons basin forms a uniform sedimentary
area with 1he Suxon region. From the viewpoint of palaeogeography, in lhe
early Lite Grelaceous it was a sei conneeling the Tethys and the Boreal Sea.

On the basis of facies variety €. Zahalka (1803 and B. Zabdtka
(19245 dilfercntiated in the Bohemian Cretaceous Basin the following regions:
al lmsalian region (predominantly sandy development)
bl Jizera region (predominanidy ealearenus sandstones)
¢t Labe region fdominantly marhy-clayvey sediments?

dl HejEnvina region predomimantly sandsiones)

¢; DBystiice region iprevalently clayey sandstones]

1 Orlice-Zdae region {prevalently caleareons simdsiones)

gt Kolin region ipartly Httoral reef imestones!

) Vitava-Berounks region {predominantly marly-sandy sediments]
¢ Ohie region tuarly-clayvey development].

During the Cenomanian and late Furonian the Boreal sea nlso ingressed the
avea of northern Moravin, The ocewrrence of Turonian—Cenomanian sediments
has heen proved in the Osoblaba area near Slesské Pavlovice (Sk4 -
celb 197 bul the extenl of the Crelaceous beds beneath the lower Badenian
in the Osoblaha area is not known.

lu southern Bobhemia the Cretaceous sediments fill the major part
of the Ceskd Budéjoviece basin and the sonthern part of the
Tiebon basin. They are also preserved in denudation relics near Nova
Ves, Sieaz nad Nearkou. Kardasova Reéice mul Turovec,

Tertiary of the Bohemian Massif

The Tertiary of the Bohemian Massif is represented by Palaeogene sediments
and Neogene sedimentary and neovoleanic rocks.

a) Tertiary of north-western Bohemia. AL the fool of the
Krusné hory Mts, there ure three Neogene Hmnie basins differing in stratigraphy
and lithology;

— The Cheb basin in the exireme west is separated from the Sokolov
basin by a crystalline ridge near Chlum nad Ohfi. The oecurrences in the Fed.
Rep. of Germany are linked on it;

— The Sokolov basin extends from this crvstalline ridge up to the
neovoleanics of the Doupovské hory Mis.;

— The Noerth Bohemian basin is localed between the Kruiné hory,
Doupovské hory and Ceské stfedohoii mountain ranges,
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magmatist, This relationship was interpreted by changes in the thickness of he
carth’s crast in the axial part of the FEuropean Hercynides, ie. Lhe inerease in
the crust thickness in this (Moldanubian] zone from the Vosges and Schwarz-

it

|_1|I5!-- vy

)

48°— g

~

-
\NQS\H BEOGRAD ’%/J _
18° 20° 22° 24° 26°

234 Thicknesses of the earth’s crust in Central Rurope (A. Zatopek - B. Beranek 1980).
Numerals give the thickness of the earth’s crust in km

wald (22—-25 kmj into the Moldanubicum in the Bolemian Massif (40 km?, The
anomalous thickness of the crust might be alternatively explained as due to the
subduction of the adjacent units beneath the Moldanubicum, for example, of the
Brunovistulicam  beneatli Moravieun, as presumed by Fuchs (1976). The
geological situation also indicates that during the Herevnian orogeny 1he
Moldanubicum might have eollided with the ancient Brunovistulicum eryvstalline
complex, which possibility was already admitted by Stille (1951). The uplift
of the Moldanubicum and subsidence of the Brunovistulicum towards the end of
the llereynian orogeny (Dvofak 1980) is in agreement with this assnmption,
#s well as the overthrust and repeated compression of Precambrian rocks in Lhe
Moravo-Silesian zone (M isa§ 19637 and termination of the Hereynian orogenie
zounes in this area,
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i i . Rep. {according to V. Cermik
Heat flow in the territory of the Czech Sec. Hep ! Cerm
21.350 mod??ied and simplified]. Numerals give the values of heat flow in mWm

2M—93 mWm—2 {which correspond to temperatures of 500—600°C at the
M-discontinuity), in the northern part 27 mWm=2, and 30 mWm™? ai the eastern
1 » Bohemian Massif. )
m?;giilieoa::r]';cial parts the lowest heat-flow values are in Nl?. Bohemia (Bohcir.nan
Mis. about 22 mWm™%, in the Moldanubicam
and the Barrandian (about 50 my¥m~2Z. [nereased values have been estah.lislw(l
in the eastern parl of the Krugné hory Mis. and In the Teplice area (as }.ugh as
160 mWm~2 and around Ostrava {about 100 mWm~?%. These anomalies are

obvinusly associated with the processes in the earth's erust.

Crelaceous Basin, the Jeseniky
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2.3.2 Characteristics of the earth’s erusi structure

in the Bohemian Massif

The data on the deep siructure of the earth’s erust in (he Bobemian Massif are
derived from the deep seismic sounding (Berdnek - Dudek 1980, Ber4-
nek - Suk - Weiss 1980}, from the interpretation of gravimeleie daia
Buday et al. 1969, Adam et al 1979), Tbrmajer 1978, Blizkov-
sky et al 1981] and some results of airborne magnetic wapping (Moo 19066,

Inthe gravity field of the Bohemian Massif the elements of SW_NE
direction are most prontnent ([brm a Jer 19781 These zones alternate witlia
the whole Bohemiun Massif, having the NE—SW trend and widths of several
teus o one hundred km (Fig. 2.36). The zones with posilive anonalies, us were
delimited by Buday et al. (1969, correspond geologically' 10 the Saxothuria-
gicum, Prolerozoic, Barrandian and the E. purt of the Moldanubicum with the
Nizky Jesenik 1{ills. The zones with negative anomalie comprise the Krngné hory
Mts.. the western part of the Moldanubicum, the basement of the central pivrt
of the Bohemian Cretaceous. and the Orlické hory Mts. The dilferences in the
gravity pattern are explained either by different thicknesses of the voleano-
sedimentary formations (3w d a voel al. 19691, by dilferences in the thickness
of the basalt layer iRéhlieh - Sfovidko a 9685 or by the absenee
of the granite layer in the positively anomalous zones Zoubek 1967). In
case. the tvpe of these zones is associaled maily with 1he
and not with its thickness {i.e. with the conrse

anv
structuree ol the censt
ol M-discontinuity}, becanse the
correlation belween the thickness of the earil’s crust and the regional gravity
annmalies eannol e sought for in the subdivision of the Bohemian Massif (B e ~
ranek - Ibrmajer 1976, V vakodil 17, 1972 These heterogencities
seem to b explained most appropriately by the structure of the g«

ranite laver,
as iz also evidenced hy seismic data. particularlsy Dy

the distribution of the
veloetlies of seismie waves, The thicknesses of that part of the crust in which
the wave velocities do not exeed 6 ki s~! are 16 km in the western part of the

Moldanubicum, & km in the Kminé hory Mis., 4—5 kin in the positively

castern margin of the Bohemian Massif (Moravian hloek
and 5—06 km in the Tepla-Barrandian zone. Negadive
gravity anomalies thus correspond to greater Uhicknesses of met
migmatized and granitized rocks in the western part of the Molda
the Krodné hory region. for which the low wave veloeities

anomalous zones at e
aller Weiss 19771

amorphosed,
nublcum and

are characteristic. Tn
contrast, in the Tepla-Barrandian zone predominate metamorphosed voleano-

sedimentary formations distinguished by higher densities and veloeilies of seismic
waves,

The configuration of the regional gravity anomalies is also controlied by the
thickness of the hasall laver or, in general, by the oceurrence of zones with wave
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velocities of above 7.3 ks~ in 1he deeper parts of the earth’s crust, The
conliguration of the gravity lield in the Bohemian Massif, however, is too
diversificd for the elfects of individual zones 10 be distinguislied.

This influenee is doubtless involved at 1he eustern margin of the Moldanubicup,
and m the Moravieun, where 1he basal| layer approaches to the earth's surface.
The oceurrence of numerous bodies of basic and ultrabasie rocks ot 1the eastern
nurgin of the Moldanubicum provides additional evidence. The situstion tn 1his
area iy analogous to that in the lvrea zone iWeiss 19771 and corresponds Lo
the subdnetion of the Brunovistulicum beneath the Moldanubiewn,

The changes in the thickness of the basalt layer are also demonstrable in the
Sumava region in the SW of the Bohemian Massif. The uplilt of the basalt laver
lowirds the earth’s surface was in this parl conneeted with the general upheaval
of the southern part of the Bohemian Massil during the Hereyaian oroageny ad
the inclination of the block of the Bohemian Miwssif 10 the N INNKiL which is
substantiated geologically iDudek - S uk 1965).

The increasing depth character towards the S is demonstrable m the whole
southern and western parts of the Bohemian Massil despite the depariures
eaused by lault tectonics. 1 is particufarly marked in the Barrandiun, at the
boundary with Domazlice crysialline eomplex, where it is manilested by 1he
increase in melamorphic grade and g gradual approaching of heavier rocks
lowards the surlface along the seismic profile in the Keusné hory Mis.. and in
the Central Bohemian and Moldanabian Plutous. From the dips of tineation,
the geometry of the distribution of the relics of eover deposits. and e changes
in the breadith of zones of metamorphisin and migmatization, the depth dif-
ference hetween the northern and southern margins of the Moldanubicum can
be estimated at ca. 15 ko This value agrees Tairly well with the data on the
uplift of the hasalt laver.

Also in this ease the uplift was associated with the origin of major lectonie
lines (Jachymov zone, zone of the Bavarian Quartz Lodel and with the con-
centration of ultrabasite oceurrences in Lhe South Boliemian granulite zone.
We assume that the fundamental properties of the crust in the aren of the
Bohemian Massif formed as carly as in Precambrian times. The concentration
ol melavoleanies, and hasic and ulirabasic igneous rocks (zones of grannlites,
anphibotbites, ultrabasites andl orthognetsses in southern Bohemia) really indicates
the existence of 4 Precambrian rift zone in this area (Zeman J. 1 979;, which
only during lercynian orogeny and uplift of the southern part was separaled
from its basement.

Aecording to Buda v ool al. (1969 and Ibema Jer (19781 there are
four characterictic regions in the gravity pallern of the Boliemian Massif, the
foundations of whicl Tie in the deep sivucture of the carth’s erust. In Lhe map

of regional anomalies iFig. 2.361 the regions are arranged from W 10 B gs
foltows;
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Extensive gravity low passing along the NW f.r'onticr of Bohemia, which
corresponds o 1he Kruiné hory and KrkonoSe-Jizerské hory blocks;
Posilive anomalous zone, which extends from the CES!{}" l.es M'I.s. across the
Tepelskda vysoding Upland and the Barrandian synclinorinm imo the arca
of the Boheinian Crelaceous and the crystalline complex at t%lc foo‘t of{ tlfe
Krkonose Mis., and Furiher eastwards into the Tnner Su(l‘r_‘tm basin. Itius.
gravity elevation s for the most part oceupied by the Tepla-Barrandian
block; .

The region of negative gravity values covering the area built up of the
Moldanubicum, the Central Bohemian Pluton and Central Moidanudinan mus-
sil, the Svratka anticline, the Orlické hory-Klodzko Dome and the western
paft of the Hruby Jesenik Mts. A distinetive feature of this region is an
intricade relationship between the upper and deep geological strocture: .
The ecastern part of the Bohemian Massif is the region of positive gr'.uvlt_\'
values. It comprises the eastern parl of the Moldanubicum. the .\]l_ll‘il\'l('ll‘nl.
the Broo massil, the Dribanskd veehovina Upland. 1l Nizky lesenik Hills
and parl ol the massif in the basement of the Carpathian fovedeep and of
the flvseh nappes of the West Carpathians, . .
Extensive negative gravity zoues geologically represent elevations originated
towards the end of the Proterozoic. Palaeozoie complexes occur her{j' to a very
limited exteal and are for the most part affected by Llereyninn regional 111(!.[.:1-
morphism. osilive anomalous gravity zones are distinetive of the depression
areas {Saxothuringteum. the Proterozoic of the Barrandian, and the eastern part
of the Moldanubicum with the Nizky Jesenik 11ills), in these nreas the Palaeozoie
is mostly unmetamorphosed and a preponderant part of voleanie formations is
eoncenirated in them or along their boundaries. from magmatites metamorphosed
in the Precambrian crvstalline complexes 10 the  veungesl Terliary and
Quaternary neovoleanies.

Klominsks-Dudek (1978 and Bernard (1978 have proved thal
the areas of l]u_;,se two types dilfer in pluonism and mineralizalion. In the
positive anomalous gravity zones there 18 an absolute majority of occurrences of
tonalitic racks. ol [ive-element wnineralization. sulphides of gold and antiinony
and most of Ihe mereury vecierences. tn the negalive anomalous zones granites
with Au nmiineralization in quarlz veins predominate. and the oceurrences of
tungsten, tin and Pbh+Zn and Ag+Cu ores as well. The grauile plutmm in- these
zones are of large exlent also in the basement of erystalline schists {the Krusné
hory Mis. and the western parl of the Moldanubicuin}. The bhoundiies of the
zones ol a different geological and gravily paitern are nsually inderpreled ns
the limitation of hlnck-s. This. however, is not identical with the fault boundaries
al the surface. which are very often considered erroncously 1o be prineipal
indication of a deeper block strueture of the erust feg. the Pribyslay zone,
Blanice Furrowi. Thus, for example. in the zone of 1he Central Bohemian Suture
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the gravity boundary between the negalive anomalous block of the western
Aloldunubicum and positive anomalous Barrandian is not identicul cither with
the Klatovy fault and its exlension to Mnifck pod Brdy, or with the wesiern
margin of the Central Bohemiun Pluton between Ritany and Rozmitd] pod Trem-
sinens. but runs i the mantle of the Plulon between Pisek and the river -
zava (i.ce. is broadly identicul with the “zone of intrusive tectonics” of Zelenka
1929 initiated in the Preeambriant. Also the boundary between the positive
anomatous Tepla-Barrandian zone and the Kruiné hory gravity low 1s nol
delined by the Ohice faull zone. An analogous discord ix observable at the
Boheminn Massif! Carpathian boundary.

The region of negative anomalies of the IKrusné hory Alts. and the Krkonose-
Jizerské hory massif is hounded by an expressive gravity gradient and is divided
into four tolated lows (Fig. 2.361. Buday el al {1969] explain these gravity
depressions as due 1o light granitoid massils. whichi erop out at the suwrface or
come aear to the surface,

The most striking is the anomaly in the area ol Karlovy Vary, which 1s
produced by o body of leucoeralic granitoids. whose thickness is estimated al
10 km al least, Two partial depressions issue from this anomaly towards W aml
SW, respectively. On introducing ecorrections for grivitational effects ol the
Neogene sediments of the Chel and Sokolov basins (BliZzko vskv et al
19R1] it hecame evident that these local depressions are closely connected with
the large gravity low near Karlovy Vary.

The gravity depression in the map of Bouguer anomalies with the ecentre
near Ducheoy appears substantially less pronouncedly in a siripped gravity map,
which permits 10 presume the influence of a deeper lying voleano-plutonie eentre.

The negative gravity anomaly in the arca of Straz pod Ralskem s a very
distinet strocture. B112k o v sk ¢ et al. {1931) interpreted it quantitatively using a
model of rotation ellipsoid, and they asswme that beneath the  Creinceous
sediments there is a body of light granitic rocks with the gravity point at a
depth of about 6 k. whieh niight be connected with the Krkenode-Jizerské lhory
pluto.

Kinst of the Lusatian fault, the Krkonofe-dizerské hory massif represcnls
a gravity low, With regard o the eircumslanee that in the western part of the
massil, the gravity field is less marked o the map of residual anomalies than
in the F. the conceplion of a slabby form of 1he plulon and of its rool zone
located in 1he eastern parl appears more reasonable.

The gravity lield in the positive anvmalous zones ol the Tepla-Barrandian
block and at the foot of the Krkonose Mis. is diversified, showing a discrete
zonal struclure.

At the westeen end. in the area of the Maridnské Lazné metabasile complex
there is a nuwked gravity high, A sharp gradienl in the norlhern and north-
weslern parts hulicates a density boundary between the graniloid complex o
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the NW and the metamorphosed Upper Proterozoie complexes containing layers
of busic magmatites. in the SE. The idea thau this gravity structure reflects the
effects coming from a greater depth is supported by the opinion of Chéab
(1973 that an ophiolite complex with relics of the oceunic crust exists in this
arca. In the north-casiern continaation of this gravily elevation the isolines bend
dissinetly towards the 1. evidently due to the eficet of the Jachymov faull.

Major accumulations of basic bodies are also indicated by gravity anomalies
in the central parl of the Doupovské hory Mis, and NE of Zatee. The extension
of this positive gravity zone trends W—E within the area covered wilh Crelaceons
sediments. The idea put Torward by Buday et al. (1969 that it may be ae-
counted for by Proterozoic rocks with strongly developed spilite-keratophyre
voleanism. was supporied by a detailed analysis of the basement of the
Cretaceous sequences (Chaloupsk ¢ 1973,

Gravity clevations associaled with basic voleanism also oceur in the Permo-
Carboniferous aren at the fool of the Krkonofe Mis. and in the Brownov
projection,

Another paraticl zone of posilive gravity anomalies extends from the basic
Kdyné eomplex through Plzen and Kralupy nad Vitaveu to the hasemenl of the
Cretaceous N of Bewitky nad Jizevou, bt is linked up with the Proterozoie spilite
belt, in which there are large uccumulations of basie volenniles and the presence
of subvolcanites should he postulated.

A prominent posilive anomaly belween Doinazlice. Stod, Piestice and N{rsko
is produced by the Kdyné basie eomplex. The loeal gravity elevation N of this
massif eorresponds lo the Pohbzoviee basic massif. The analysis of the gravity
pattern and of the radiometrie data has revealed that the West Bohemian Pluton
is divisible into two parts (Jhrmajer 1978) The more hasic part of Protero-
zoic age occupics lhe areas of positive anomalies [Kdyné. Pobézoviee and Stod
massif and some minor stocks: and the more acid erevanian part 1s eonunecled
with negative gravity anomalies (Babylon. Kladruby, Bor and Sténovice mas-
sifs),

The isolated wnomaly near Slany and the western part of the gravity elevalion
near Kralupy can be accounted for by the presence of extensive complexes of
spilite-keratophyee voleanism, In the easlern part basic intrusive rocks of the
Neratovice massif in the basement of ihe Permo-Carboniferons are thought to
contribusle Lo the gravity effect iB1izkovsk & et al. 1081).

The thied belt of a positive anomalous zone, extending approx. along the line
connecting Pi{bram with the lower ecourse of the river Sizava. is explained by
Budav-BDudek-Thrmajer {1969) as due (o the influence of the meta-
basites of the Jilové Zone and the adjacent Netvobice-Neveklov metamorphic
“islet”, Besides metabasites, the eoffects of aumerous gabbroid bodies enclosed
in the platen and the presence of another source at depth are emphasized
Mottlova-Suk 1970 and Misaf o al 1972).
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A prominent zone ol posilive gravily anomalies trending NW-SE, i.e. parallel
v the Labe line and the Lusatian faull, extends from ihe area of Podébrady
to the S wnd vecupies both the Zelezné hory arca and the Nasavrky massif.
The course of 1he isolines and a marked gravity gradient corresponds 10 the
Zelezné hory fault zone. The Dlounhd mez teclonic zoue is accompanied by
intrusive bodies of basic rocks, which ave shown in the gravity map as local highs
as. for example, the isometric anomaly above the Ransko massif. Blizkovsky
el al. (19811 assume thal the Jargest body on this line will oecur at the site of
masimum elovation E of Caslay. The zones of positive gravity anomalies of the
Tepla-Bareandian Dlock and of the region at the [oot of the Kru$né hory Mis.
are separated Mrom caelt other by the zones of negative unomalies. The zone
cunning broadly along the Bor—Louny te-line is essentinlly caused by aeid
graniloids of the Wesl Bohemian Pluton (fbrmajer 1978). and intensified
by the cffect of Permo-Carboniferous sediments in the Alanétin hasin. The gravity
clevation NI of the Mandtin basin is evidently controlled by the Jichymov
Fadl, along which the north-easiern block with the granitoids of the Cistd massif
has heen nplifted.

The more ensterly depression zone is composed of two isolated lows NW and
SE of Plren of a negalive gravily anomaly at the site ol the I’alaeozoic
Barcandian syneline. The Tirst 1wo anomalies are due 10 the Permo-Carboniferous
sediments of the Plzen basin and the presenes of the Sténovice granitoid assil.
The third zone, alter Buday et al. {1969, corresponds 1o the acid voleamtes
and alleged subvoleanic budies of the Kiivoklii-Rokycany zone. Tomek
978 explains the origin of the negalive gravily anomaly ahove the Palaeozoic
Barrandian basin as die to highly contrasting densities of the Upper Protero-
zole.

The third bell traceable in 1the gravity pattern ol the Bobemian Massif is an
areqt of negalive gravity values. [n contrast 1o the fwo previous areas. the gravity
elements are not arranged in a belt but are distributed rather randomly. The
south-western part is more extensive and bounded by prominent gradients n
NW. 8 and 15, The-e gradients indieate the Taull zone of the Central Bohemian
sutnee al the north-western margin of the Central Boliemian Pluton adjacent to
the Algonkian. and the prominent fault zoune al the eastern muargin of the
Central Moldanubian Massif. which trends towards the Ransko massif andl
the Hlinsko zone in the Zelezné horev Hills,

In the negntive gravity field of the Moldanubieum, the manifestations ol
gremitie rocks in the gravity patlern are Lthe most pronounced but they are not
wniform (Mottlova-Suk 19700 Seme Lypes. ez, he Mridkotin or Freistadt
graniles. produce @ marked negative density howadioy against the Muoldasubian
mantle. whereas the Rastenberg tvpe and partly the Weinsberg type almost
do nol dilfer Trom the Maldanubian pararecks in density (E1id 5% - Uhmawn
196,
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The most narked gravity lows of the area discussed occur in the south-
ru part of the Centeal Bohemian Pluton. above the central massif of the

easte
whenee they extend southwards into the

Ceskomoravska vrehovina Highland,
Ti#eboii busin and the Novohradské hory area; in the northern part of the
Central Bohemian Plulon there is a very striking low above the light granites of
the Rituny body, This anomaly is separmled from the remaining part of the
Bohemian Pluton by a sharp gravity gradient, which is evideaily

Central
a manilestation of the Sazava fault zone. Ibrmajer (1978} interprets it in
terms of a vast granitoid pluton buried at depth. This interpretlation is supported

by a detailed analysis of Orel (1975); in his opinion the existence of a large
granitoid body is also demonsirated by the occurrences of pegmatile and ore
mineralization arranged concentrically around this anemaly. From the overall
eonfiguralion of the gravity field in the Moldanubicumn [hrmajer (1978
infers that (he Ridany granite and the alleged graniloid body are not genetically
associaled with the Central Bohemian Pluton and that they should be ranged
to the central massif of the Ceskomoravska vrehovina Highland.

In the norlth-castern part of the arca of negative anomalies the most prominent
gravity low oceirs in the Orlické hory-Klodzko Dome. This negative anomaly,
which extends lo Poland. is associated willi the migmalites and orthogneisses
of the Gieraltéw tvpe. or with the light granites in the core of the Dome.

Cranitoid bodies near Zulova and Somperk produce local Tows as well as th-
NNW—SSW trending zone corresponding to migmatites and arthogneisses of
the Keprnik Dome. The Staré M&sto micasschist zone with abundan occur-
rences of basic and ullrabasic rocks produces a slightly posilive anomaly.

A pronounced gravity gradient ai the eastern margin of the IKeprnik Dome
is obviously eaused by the deeper struclure of the eryslallineg complex. because
the surface sequences on either side of it show o similar pelrographical charucter
(ITbrmajer 1978

The arvea of positive gravity vahies can be divided into two parts by a
negative zone in the arca of the Upper Morava depression. To the south-west
of the Upper Morava depression Lhe most marked gravity elements are represent-
ed by two clevations with peaks near Svitavy and S of Bruo. Both anomalies
are elongated broadly into the N—3 direction, being bounded by sharp gradienis.
They distinguish the ancient fault zone in the struclure of the Bohiemian Massif,
which had been used as a pathway for the intrusions and effusiens of basie and
ultrabasic magmas.

Cuta-Misaf - Valek (1964 interpreled the Svitavy anomaly as due
to the gravily effect of basic rocks and estimated the widlh of vhe body s
10 km. Buday et al. (1969 explain this elevation as a manifestation ol basic
and ultrabasic rocks of the Letovice crystalline complex. Blizkovsky et al
{1981} quantitatively interpreted this structure using a model of three prisms
with a width of 5—9 km for difference density +0.21 g em~2. The lower edge
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3, i.e. complex of rocks

with predominating basiles, has n base at a depth of 85 km: the upper prism

of the disturbing body with a density of ca, 300 g em™

reaches 10 0.3 km below the surlace.

The positive gravity anomaly. assoctated with e basie zone of the Brno
massif (Buday e al. 1969}, links up on the Svitavy elevation after an inter-
ruplion within the area of the Boskovice Furrow, lis continuatinn of SE direction
was emphasized by introducing gravity corrections for sediments of the foredeep.
Blizkovsky et al. (19317 explain the anowmaly as due to the effect of a

? relative 1o the adjacent

disturbing body wilh a difference deasity +0.13 ¢ em ™
rocks. The base of the hody is estimated at a depth of 12 k. and the upper
edge approachies Lo the surface.

The Moldanubian part of the area of positive anomaly shows a conliguration
of the gravily field broadly corvesponding 1o the homogeneous petrographic
charucter of the rocks. Light granitoid plutonites are not represented n this aren
even in the deeper parts of the crust and therefore the 1otal gravity effect is
liere induced obviously by an elevation of the upper mantle and a redueced
thickness of the crust (lbrmajer 1978). The relatively negative gravity
anonalies are caused by the rocks of the Moravieum as in the Svratka and Dyje
Domes so in the proirusion of the Dyje massif,

To the north-east of the Svilavy and Broo gravity efevations, in the residual
map there is an cxlensive positive anomaly above the relatively heavier Palaeo-
zote rocks of the Drahanskd vysocina IHighland and the Nizky Jesenik Hills and
the rock complex ol the eastern part of the Silesicurn. The area of the Upper
Moravice depression remained in the stripped gravily map a depression (B1i7-
kovsky etal 1981] also after corrections for the effects of Tertiary sediments.
The contacts between the Palacozoic and its basement show themselves as a
broad belt of gravity gradienls SW and NE of the depression axis; this is
obviously eonnceted with its tectonic limitation, ie. a NW—SE trending faull
zone, which is traceable from the Boliemian part of the Lower Silesian basin
to the {entral Carpathians.

The gravity depression zone in the Carpathian foredeep indicales light granitic
rocks in the basement of the Neogene. because the thickness of sediments in
this area is not greal enough 1o prodiee a negative anomaly.

The course of anomalies of the magnetic field in the
Boliemian Massil ugrees to a certain extent with the gravity picture: there is
considerable agrecment belween the segments positively and negatively disturhed
wilh analogous gravity undulations (Fig, 2,371, On the territory of the Crech
Socialist Republic the magnetic field is distlinguished by the [ollowing prominent
leatures;
al zone of positive anomalies which borders the LitoméFiee fault in the south
and conlinues eastwards bending arcuately aecross Lhe area at the foot of the
Krkono$e Mis. inlo the Orlické hory Mis. This zoue illustrates the course of Lhe
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Hlereynian orogenic belt, Tt is probably produced by Precambrian magiatic
rocks (Pouba 19701, which reach to great depth ol the geological siruclure
iMadin 1966);

b) zone of prominenl doubled anomalies (the westerly negative, the more
casterly positive! ean be lollowed in sectors inlerrupled by transverse faults
{Kdyne—Plzeii, Blaind—Sazava, Goltay Jenikov—V¥ysoké Myto and Zabreh—

Ju

indicate the shifting of the more nartherly blocks castwards ulong the Jachymov,

onik) across the Bohemian Massil, from its south-eastern part. These belts

Sazava and Labe lineamenis and the faulis of the Upper Morava depression
(Fig. 7.71. The zone of doubled anomalies is traeeable both norili-eastwards 1o
Poland (Pouba 1970) and south-westwards from Augshurg to the Sclwarzwatd,
in the basement of the Jurassic (Angenheister 19741 I indicates the
course of the zone ol basie and assoeiated acid magmatites {in the [Precumbrian
of the Bohemian Massi{ it comprises the Ndynd massif and Zinkovy spilite belt.
the Jilové and Kozi hory zones. basites of the Zelexné hory Hills, in ihe
weslern part of the Moravian zone and in the Silesicumi, and its extension in
the Europecan Variscides into the Massif Central francais and into the basement
of the Russian Platform. It is a zone of speeilic voleantsn (Jakes 1973
which originated during 1he lormation of the Cadomian geosyneline and persisted
until the Palacozoic (geanticline of the Brdy Hills, Havli¢ek V. 1971
¢) buried hodies of basic rocks caused the development of the marked posilive
N—5 trending zone between Usti nad Orlici, Svitavy (so-called Svitavy anomaly},
Brno and Zidlochovice, Its southern part was induced by the basic zone of the
BGroo massil and its northern continuation, running obliguely to the geological
slructure, has not vet been salislactorily eleared up;
di elongated positive-anomaly zones in the ervstalline unils. ¢ g, in the
Moldanubicum  belween Tdabor and Pacov and between Cervena Rediee
and Havligkitv Brod, are controlled by the primary composilion of the
rocks and by the conditions of the melamorphie formation ol magnetite (7 e -
manek 19657, Salansky 1967, Zoubek ([975) inferred from their
absence In the low-netumorphosed Upper Proterozoic of the Barrandian the
principad difference beiween the Proterozoic and Moldantbhicum. The cause of
this phenomenon. however. is only 1the metamorphic  grade. when  under
oxidation eondilions seeondary magnetite is formed in Fe-rich rocks, in cordierile
aneisses, hat also in skarns and erlans (S uk 1964) and lower-metamorphosed
units of the Kaplice unit (Salansky 19671 In some cases the zones may be
imdicalors of thie lava flows and help in diseriminating hetween the amphibolites
derived from lavas (with magnetite} and from tuffs and wffites {with Fe-sul-
phides — Vejnar 19715

i the Ceskomoravska vrehoving lighland and in soutliern Bohemia the
Varied Group conlains layers of magnetite-bearing quartzite and itabirite. The
course of the primary stratification in these high-metamorphosed units can be
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followed along these ayers. Similar rocks are described by Pouba (1970}
frem the Desnd Doeme. According 10 Pouba, the Ve acceunlations [orm 1n Lhe
Precanibrian of the Bohemian Massif a belt, which ean be followed in the
proximity of the above zone ol basic voleaniles across the Massif up to the
southern braneh of the Karelides, where such rocks appear in the progressively
nlder unils.

Very marked anomalies of a small arcal extent indicate the stocks of ueo-
voleanites in the Nizk¢ Jesenik Hills, part of which is not yet uncovered by
denudation (Gruntorcdd 189775, or serpentinized ultrabasites (e.g. in the
AMoldanuhicum in the Tabor sea.

2.3.3 Geologieal structure of the bhuried parts
of the Bohemian Massif

Aboul one third of the Bohemian Massil is covered with sediments ol the

platform cover and ol the western marginal part of the Carpathians,

The most important and largest segment is covered with 1he Behemian
Cretaccous sediments. Aecovding 10 Vachtl (1965 and Malkovsky et al
(19747 the basement of the Cretaccous consists prevalenily of
the Precambrizn units: in the west and north it is the low-metamorphosed Upper
Proterozoic of the Barrandian, whose metamorphic zones wre linked up with
the crystatline complexes of the Krugné hory, Krkonode and Orlické hory Mts,
In the easlt the basement is formed of 1he Protevozoic of Zabeh and Svralka,
affected by medium-grade metinnorphism,

In the Proterozoie there are the following plutons of large extent:

— the Louny phuon sitnated helween Cistd, Rakovnik and Louny in the valley
of the river Ohte; it is elongated in the NE—SW direction, parallel 10 the
structure of the Prolerozoic;

— the Neratovice pluton, elongated in the ENE-—WSW dicection;

— the Lusation pluton exiends to the sonth as far as the Lusatian fault,
a prominent WNW-irending line. which alse forms the southern houndary
of the Krkono3e pluton;

— along the southern limit of the Kru§né hory crystalline complex there aro
minor oceurrences of dineite, gabbro, hornblendite and pyroxenite;

— the Nasavrky pluton extends in the basement of the Cretaccous far to the
north. inlo the area to the east of Iradec Kralové;

— near Svitavy, erushed ulirabasiles form the continuation of the Letovice
crvstalline complex in the basement of the Crelaceous.

The Lower Pulucozoic is preserved in discontinuous relies, which are remmunts
of a vast a sedimentary basin, The Lower Palacozoic of the Barrandian (chiefly
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Ordovician) reaches up to Méstec Kralové and the Palacozoic of the Zelezné
hory Hills (Cambrian and Ordovician) to Hradec Kralové and Pardubice. Isolated
" gecurrences are on Zaitina, in the Vyhnanice ridge and in the Devonian near
" Jitrava and Jablonné v Podjestédi. This occurrence indiciales a connection of
the Jested area with the Elbe Sehiefergebirge. The metamorphosed Lower
Palaeozoic ol the Krkonose Mis. continues up to the axis of the Permo-Carboni-
ferous basin at the fool of this mountain range, and there are probably other
_oecurrences, not quite conelusively indicated, in lhe basement of the Upper
Palaeozoic. The LUpper Palaeoroic Is represenied in a comtinuous basin between
Zateec and Broumov (Fig, 2.38), Irom which the Orlice busin was separated by
denudation. Of a very small extent is the Permo-Carbonifercus in the continualion
of the Blanice Furrow and near Tfebechovice pod Orebem.

The morphology of the basin fleor is controlled by Lwo fault systems. Ac-
cording to Chaloupsky fin Malkovsky et al 1974), the NW—S5E
direction is ol primary importance; it is followed by the Rovensko fault, the
Lusatian fault and several minor dislocations. and the Pibvslay zone and vther
NNE faults also turn into this direction. The NE—5W fault system governs
the western part of the Dbasin. The litoméfice fault and the conjugate faulis
reach as far as Chrastava, Iridek nad Nisou and [Tarrachov.

The erystalline complex of the Kruiné hory cexiends southwards in the
basement of the North Bohemian brown-coal basin and other minor basins.
According to Kopecky [..- Sattran (1966} and Poubova (1963)
metamorphism rises at first (granulites and ultrabasites are abundant), but
south of the Litoméfice fault iL decreases abruptly. passing through a sequence
of narrow zones inlo the Barrandian Prolerozoie (Chaloupsky in Mal-
kovsky etal 1974 Fig. 2.38).

The extraordinary importance of (aults of the Jachymov sysiem follows from
the knowledge of the basement of Lhe South Bohemian
basins (Malecha et al. 1963, Kadlec et al. $978). They induced the
origin of the Budé&jovice basin and of the southern part of the Tebosi basin and
the morphology of their floor in the Pistin and Stropnice troughs, The study of
the hasement has confirmed that the lLifov granulite is connected with the

e —

238 Metamorphic structure in the basement of the Wwhemian Cretaceous Basin {I. Cha-
loupsky 1976, modilied by J. Chab - M. Suk 1677

— Unmetamorphosed folded rocks; 2 — rocks alfected by very low metamorphism; J —
rocks of greenschist facies, dominantly of quariz-albite-chlorite sublucies; 4 — rocks ol green-
50‘}151 facies, muinly of quartz-albite-opidole-hiotiie (to almendined subfacies: 3 — metamor-
phism of garnet and stanrolile xones; 8 — metamorphism of garnet to sillimanite zone; 7 —
granulite to granulitic gneiss; 8§ — Precambrian; ¥ — Barly Palaeozoic; I — granite lo
quartz diorite; 1] — diorite, gabbra; 12 — ulteabasites; I3 — quarlz porphyry; 14 — regions
ol alytivation. Tenitization. oecurrences of stnurolite and sillinanite
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granulite near Ilolnd and Nova Véelnice, the Sevétin granodiorite with the IKke-

nov massif and thal the Lholice Permo-Carbouiferous is an isolated ocenrrence,
The negative gravily anomaly in the basement of the Lower

Pataeozoic in the Barrandian wus explained hy the presence of
a granile body {Buday e al. 1969 lHowever, « delail analysis (Towmek

PARDUBICE

2.39 Distribution of the
Brunovistulieum in Mora-
via, modified according 1o

A. Dudek, 1983

I — Brunovistulirum: 2 — marginal parls of the Bohemian Massif; & — boundary of the
Coarpetiam bevach- 4 — e §netinenc: o — Miogave-Silesian lineament, & — Pribvslav zone,
¢ — Udra lineament, d — marginal Sudelic fault, ¢ — Hana fanlt zone: 5 — ather Faults:

6 — Lusatian fault; 7 — Onter Klippen bel

1978 and seismic survey have shown thal rather the effect of the thickness of
Eower Palaeozoie sediments 1 here tnvolved: in the axis ol the Barrandian hasin
the thickness attams G000 m. Seismic dala demonstrated a very stable sirnclure
ol the Upper Proterozoic with a marked rising of wave velocity (i.e. ol density
amd melamorphic grade: from 1he Bareandian to the Domazliee ervstalline
complex. The steueture is disturbed onlyv in the avea of the Jachymov zone. [n
the geophyvsieal paliern a striking discordance appears Dbetween the Lower
Palacozoie basin with ENE-trending axis :and the Upper Proterozoic structure
showing NE Lrend in general,

The castern margin of the Bolhemian Muassif in Moravia
is covercd with Peemo-Carboniferous sediments of the castern margin of the
Kuropean Herevnides aud with deposits of the Alpine-Carpathian foredeep. The
thickness of the Palacozoic altains up 10 20000 m and that of the foredesp
sedimients in the east is as mucl: as 8000 .
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The crystalline basement is formed by the Brunovistulicum (I.l}c Br)1(_1'111:1il._‘.|.

According to Dudek (1980} the Bruaovistulieum is Iimi‘led 111"the I\’]L by
the Odra lincament, in the 5W by huried faults sm‘uh of t‘.he line W\ 1(?n—1\rcms,
and in the SE by the deep fault againsl‘;. the West Carpathian block. The west.e..m
margin of the unit extends up io the b‘ummrrk—.lese:nik zmw‘zmd the Boskovice
Furrow, and on the basis of geophysical iudicat..ion its exlension t.o the wesl can
" be postulated in the basement of the Moldanubicum, 'I'hff ervstalline ('.omp.lcx of
;' the Brunovislulicum is built up of plutonie rocks (Bruo _ p.lul:on sl and
erystalline schists of Cadomian age (330—630 Mai, Dudek divides the Bl’llfll‘l-
vistulicum into the North Moravian, Central Moravian and South E\Im'u\wn
Blocks. bounded prevalently by NW—S8E trending faulls (Fig. 2.39;. Stelecl -
Weiss (1978 and Berdinek - Weiss (L1979 assume consistently with
Roth {1978 that the Brunovistulicum extends to the bascment of the Car-
pathians through a continuous succession of zones of rising intensitv of meta-

morphism.,

Palaeozoic sedimentation in this area began in the Silurian {an isolated occur-
" rence near Stinava provides evidence of the nmigration of sedbmentalion o
this area). The major transgression. however, is of Devonian and Early Carboni-
ferous age.

The Devonian in the busement of the Carboniferous of the Nizky Jesenik Hills
and the Drahanskd vrchovina Upland displays a highly varied development.
In the western part of the Nizky Jesentk and in the centre of the Drahanska
vrechovina Upland (around Konice) it is predominantly pelitic, and ucmmpzmiv}i
by initial voeleanism, bul lunestone sedimeniation concentrated to volcanie
elevalions is here aiso developed. The uppermost wember of this sequence
- reaches to lhe Lower Carhoniferous and is characlerized by an abundance of
. radiolarites. 1 conirast, ihe marginal parts of the basin flooded by the sea
only during the Middle Devounian are distinguished by up to 1200 m thick
carbonate sediments (D vofak 1980} The lower part (up to 1000 m thick}
consists of a reef complex s1. The terrestrial {acies of violet colour ("Old Red™},
which SSE of Brno attains a1 thickness of 1300 m. is ils time equivalent (Sko -
gek 1980), The reef limestones were deposiled during a slow transgression,
which proceeded to all directions. chiefly south- and eastwards, where it covered
a large area wilh sediments of a great thickness.

The sea began 1o retreal from the region already in the late Frasnian but
mainly during the Famemiian and Tournaisian, and sequences of impure nodular
limestone and dark bioclastic limestone were laid down. In other places,
particularly in the south (in the Brno avea), tlie transgression still persisted at
that time and pure recf limestones sedimented in the sea {Zukalova 1976,

In the latest Devonian flysch sedimentation staried in the “Zwischengebirge”
. (median mass} and gradually pushied out other formations from the basin
[ towards the east and south. This process came to an end during the late
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Viséun. At thet time early marine molasse wus deposited in the environs of
Brno. It is a more than 3000 m Lthick complex of cearse-grained conglomerates,
which grade laterally inlo greywackes and laminated shales similar to varvites.

The development of the basement of the Mesozoic and Tertiary SE of Brno
iDvofak 1973h, 1978, Addmek et al. 1980} was more complicated. The
thicknesses and facies of sediments were strongly influenced by differing
suthsidence ol the Llocks along aneient faulis of NW—5E strike. The basin closed
hrachysvnelinally in the south.

The thick complex of terrestrial clastic sediments of the “0)ld Red” facies was
flooded by the sea duriug the Givetian, and at the south-eastern margin at ahout
the Givetian—[rusnian boundary. The lower, dark-coloured and partly dolemitie
part of the recf complex reaches high inlo the Frasnian, and the light-coloured
part of the reef limestones up to the Famenniun. The reef-forming organisins
disappear during the Famennian (Adamek et al. 1980). In the Tournaisian
and early and middle Viséan the sedimeniation was for the most part inter-
rupted. When the sea re-invaded the area, dark-grey bioelastic limestones with
foraminifers, corals and brachiopods of the group Gigantoproductus sedimented.
During the latest Viséan a complex of conglomerates accumulated in the syn-
sedimentarily sinking Nesvadilka block in the west. The conglomerales above
1000 m in thickness pass eastwards into grevwackes and shales. South of the
Nesvacilka block the thickness of the upper Viséan does not exceed a few tens
of metres. In the eastern part of the Nesvafilka trough {and in the mwore
southerly blocks) a more than 1000 m thick Namurian A complex of tercestrial
coal-hcaring molasse was deposited. The molasse complex closes here the

Palaeozoie sedimentation.
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3.1 Units of the Bohemian Massif
3.1.1 Precambrian

Pre.Cadomian units

The age and stratigraphic clussilication of the Precambrian. universally meta-
morphie wnits are among hasic problems of the geeology of the Bohemian Massif.
The problem does not concern only the stratigraphic division of the units. as
also their correlation in the individual inits 18 controversial.

In the Czechoslovak part of the Bohemian Massil no units older than Upper
Proterozuic of the Barrandian have been proved satisfuctorily. These sediments
contain fairly abundant minerals. and to a small extent, also fragments of deep
magmatites and netamorphites (Fiala 948, [4#530. Bernar dova 18966,
Chab-Pele 1973, Chalb -Bernardova 1968, Kodymova 1977,
Jake# et al. 1979 providing evidence of the existence of carlier eomplex umis
in the source area of the Proterozoie sediments. The alleged units have not yet
been loculized: most authors favour the opinion of Watznauer (1963} that
the crystalline material had been supplied by the Seandinavian Shicld. The
results of radiometric studics of sedimentogenic zircons from the rocks of Central
Europe also indicate the exislence ol the material ol this derivalion.

Several unils of the Bohemian Massif are thought to have been [olded o pre-
Cadomian tiines. as c.g. parts of the Barrandian Protevozoic (Pertold 1964
and the Proterozoic of the Zelezné hovy Llills (Ur b arn 19725 Moldanubicum
{(Benes 1964 and the Orlické hory erystalline complex (Faisi 197G
However, unconformilies that would substantiate the existence of pre-Cadomian
folding are inconclusive and many objeclions have been raised 1o this inter-
pretation. The oldest demonstrable unconformity (Fiala - Svoboda 19534
i8 in the Zelezn¢ hory Hills separating the “Post-ore” division from the
Eocambrian (sec ‘Luble 3.5 The most likely area of the cceurrence of pre
Cadoemian elements is thought 10 be the Brunovistulicum. whose Proterozoic
age is evidenced by the transgression of the Devonian and numerous radiometric
age data. They correspond 10 Late Prolerozoic (550—620 Ma, Seharcbert -
-Batik 1930) and sporadically in the Dyje massif, even higher age (Dudek -
-Melkovd 1973). which is comparable with the Middle Proterozoic of the
Fennosarmatinn Shicld atso on 1he basis of litholacies.

Mhﬁmbrian,. Jincs Formation. Konféek near
- Photo by B Lududa




Tahle 314

Approximate siratigraphic eorrelation of Precambrian and Lower Palucozaie

Moldanuhicum

Barrandian i

Chaloupsky 1978, Vejnar 1966, Stejskal 1925,

Zoubek 1976 Tosert 1967, Thicle 1996,
Suk 1974 Matura 1976,

Zoubek 1946

Réhlich 1967,
Chab 1978
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Table LI
in metamorphic units of the central part of the Bohemian Massif
Zelezné hory Kreéné hory Krkouoie
r-gv_oboda- Vachil 1962  Urban 1072 Skvor 1975 Lorenz 1979  Chaloupsky
Fiala 1956, 1981
Svoboda et
al. 1966
7 Jitrava
Skoup¥ P
Conglomerate (iroup
|
Podol Mrakolin Grifenthal
jmestone  Beds Group {phyllite
Limesto - of Rehefeld,
| Vipenice)
Mitov Griifenthal
Beds Group
Lipoltice Flinsko- Black guarizite | Phycodes Schwarzburg Ponikla
Beds DNychmburk and shales Group Group Group
Group |
:
Senice metagreywacke, Doz Dar Thumer Gr. Radéice
Beds phyllite, " {= Frauen- Jachymov Group
quartzite bach} Group Group
Jachymov Klinovee
. Group Group
I Klinovee
Litogice o Group )
Conglomerate Vitanov Lito#ice ; Niederschlager
Eocambrian Group Conglomerate, Group
Post-ore Fm, group of banded
Ore Fm, schists and :
Pre-ore Fm. volcanites i e .
Monotonous - PFiseénice Piseénice Machnin
Fm. Group Group Group
" {voleanogen.)
group of
geaphitic schists, Upper Grey Group of the
spilite hornfels i Gneiss easlern
group : . Kruoiné hory .
| Lower Grey Velks Upa
| Gneiss Group
Podhofany |
Group :
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Table 30 {contined)
Orlické hory J Jesenfky Moravicum
.. R
Opletal - IFagst 1976 lixamples of |Misa® et al.,
Dometka 1976 assignment Jenink - Dudek 1976
WA Mo =z Andalski hora | Zivist-
= Forwntion Kvétnire
: Vibmo Group
z - Group (pp.]
= © {lower part
_ of Branni
sories)
= ?
3 7 !
- = :
= X E
= )
k: I
S I
2 I
E |
: _ £ ¢ =
A70 Ma Upper Noveé Vrbno = E %_ Z
Masto Group Group (p.p.) & G & 5
Lower Nové  Zibkeh Slaré Mésto 42 £ g =
o | Mesto Group Group sl Group ERRS e B ..::::
= | Cpper Stronie > B “E =
= | Group g = -
g Lower Stronic ~ Kepmik and Monotonous
i Group ' Desna Gneiss {Nedvédice)
= Group
~
- Do M. Stronie
': Group
= E Suieznik
) = Group
e =
1600 Ma
o
c
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Cadomian units
Moldanubicum

In recent years. lhe evidence given for the presence of Lower Palaeozoic rocks
in the Moldanubicum is steadily inevcasing (T'hiele 1971, Andrusov -
- Cerna 978, 1980, 1980;. which 15 also
supported by inlerpretation of most geoehronometric data ez, lLoserti ct al
1977. Gorochov el al 19775 On the other hand. the opinious on the Early

Paocltova Nonzalova

Proterozoic lo Archean age of this unil are also strongly defended (Zoubek
1074, 1976, Chaloupsky 1977, 1978). They are based chiefly on pulaeogeo-
graphic considerations (e.g. assumed arceuale arrangement of 1he Prolerozoic
about the Moldanulian nueleus) or tectonic conditions, Sowe authors iV e jonar
1968, 1971, Suk 1974 Losert 1957 derive their theory on the Cadomian
age of the predominant part of the Moldanubicum from the analogies of lithology
and the transitions of the Moldanubinn rocks into Upper Prolerozoie sequences
which, however. are uot proverd conclusively. Correspondingly. the assignimeni
of the wnits of Moldanubian tvpe in the West European Tereynides. eg. in the
Schwarzwald, Vosges. Massil Cenlral Trancais and the Arnorican Massif, also
varies.

Tiere are two principal steatigraphic units in the Moldanubicum (Table 3.2
The Monotonous Zeliv Group Lhe
Varied Cesky Krumlov Group generally lies in the upper part of
the sequence, bul it is questionable whether it consists ol one or moere horizons
{marked lithofacies differences are c.g. between the Sudice—Votice and Krumlov
belts). Another disputable guestion is the straligraphie position of the rocks dif-

is regarded as older and

fering in metamorphic grade. Although a ransiiion of the layers of the Viutad
Group inlo the Kaplice and Chinov Micasschists and  cordierite miszmatites
can be demonstrated Zikmund 1971, Pletdnek->Suk

schusts are considercd to he a younger {flyschoid} unit. Thiele (197G} and

I”T{) o ||]'-»<_|-

Blimel - Sehrever 1976 date them even as Early Palacozoic and the
cordierite gneiss 10 he older iA rapo v et all 19655 The alternation of schistose
and greyvwackeons layers. on which the lithologieal interpretation of the Kaplics
Mica-sehists as o vounger “Tlvsehoid” unit is based. has also been found in
some parts ol the zones of siflimanite-biolite gneiss and ecordierite migmatite
Pletanek->uk 1976 The circumstances are still more complicated by the
possibility 1hal some pacts of the Moldanubicum are 1ectonically reworked in
such a degree that the differences between the Varied and Monotonous Groups
have been effaced (Vrdana 19771, Usnadly, however. the fundamental struciure
can he well recognized according 1o the course of inlerlavers: Kody m iin
Svoboda et al. 19661 even believes the continuous course of Lhe Varied
Group 1o bhe evidence of its stradigraphic homogeneity.
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Lithostratigraphic division of the Moldanobicum (V. Zoubek 1980, simplified)
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The position of granulites and leptynites is likewise controversial. They are
regarded cilher as a separate stratigraphic horizon at thie houndary helween the
. Varied and Monotonous Groups (Jenéek - Vajner 1968, Losert 1967

SE
- T o~
. - Y s cardierite
, / . s isograde
S 7 - -
. Zeliv group » e e
. , . e /
» Krumiov group (velcanogenic)

e’ 4

N 3 'le‘%ﬁ.ﬁ‘ %
b .

T _

Wy
MRRTI 4
Ny

- - 500

moldanubian
massif

i .
Klenova massif

32 Belationship Detween the Moldapubian  lithesteatigenphic noils and  metamorphic
isograds in the mautle of the pluton near Jindiichiiv Hradew (F Zoubel - M. Suk 11545
1 = Dvke rocks; 2 — Moldanubian pluton; 3 — sedimentogenic titerbeds in paragneiss of

the Yaried Group; 4 — granulite and granulitie gneiss: 3 — leveocentic gneiss: 1§ — amphibo-
lite and serpentinite; 7 — porphyroblastic biolile paragueiss; & — bistite- and sitlimanite-
biotite parngneiss of the Monolonons Uroup; ¥ — migmatized colierite-biotile paragneiss

or us a component of the Varied (volecanogenic! Group (Zouhek 1951, Ve-
seld 1967, Pletdnek - Suk 1976} In olher conceptions, these horizons
are indications cither of voleanic zones (Misaft et al. 1974}, of palaeosutures
(Behr 1978 or ancient Hneuments (Zeman J. 1979).

The granulites and utrabasiles associaled with them are often thought to be
allogenic elements derived direcily [romn the deeper zenes of the primordial
crust, or in-folded parts of older units (Zwart 1969, Thiele 1971),

Zoubek (1974 19801 and Chaloupsky (1977, 1978] apply the term
Moldanubicum to denote all Precambrian units of higher-grade metamorphism
and with granulites as typical roeks; they date them as Middle Proterozoic. [t
i8 rather a compromising concepl teying 1o put inlo harmony the interpretation
of the Moldunubicum as a unit predaling the Barrandian Proterozoic with the
fact that some lithologically well-defined belts are traceuble from the Moldanubic-
um into the adjacent units.
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similarly as in the Barrandian Prolerozoic, the Moldanubian melaconglomerates
contain pebbles of rhvolite und rare hasic magmatites indicating the supply rom
the differentiate.] sialie crust iIN §meee 1979, Vedana 19825

Moravieum

In the Moraviewn, the Prolerozoie age is asceribed to the varied units — the
Veanov-Uleinice Grouwup iOwer phylliies;, the Bily potok
Group thones phyllitesi and the Veatenin Group —and Lhe mo-
notonous Podhradska Group and Nedvédice Group (pre
viously called the Mici-schists zone and placed in the Moldanubicum}. The
Nedvédice Group is at many places eonnceted by lransitions with the ¥ranov-
Olednice Group and is related with i more closely than with the Moldanubicu.
The varied units are allegedly of the same age hut their steatigraphic assignment
i mot wniform; they are regarded as Prolerozoie mainly by the Czech authors
who correlate il with the Praterozoie of 1the Kutng Tlora Cevstalline, This
opinion has been supported by o high radiometrie age 1800 Mat ol the Bitos
Greiss, which peneteates them S charbert 19770 The re-locauiion of e
newly defined Veattndn and Podiieadi Groaps Feom the Moldanubicnia inlo the
Mosvicum i ence k-Dudek 1715 was substantiated by the higher eontent
and smaller thickness of inteelayers, by the metamorphic geade and the charvacler
af orthogneisses more similar to 1hose of the Moravicum. The Austrian authors,
however, regaed them still as retrograde metamuorphosed Moldanubicum, Of the
simte age is probably also the upper part of the sieatigraphie saceession in the
Silesicum. where o sequence of inlea-sehists to gnetsses with graphite. lunestone,
amplubolite and quartzite develops gradually from the underlying monotonous
mieasehist-phyllites 1o gneisses. The varied interlayvers had been cumulated in the
Velké Vebno Dome. where Ky oton (19530 shistinguished the fower elastic
complex the graphitic complex and the npper clastie complex; consistently with
the views then aceepted. he placed the last one in the Ordovieian o Silurian.

Fpper Proterozoic of the Barrandian

The Barrandian Precambrian is placed unanimousiy in the Upper Proterozoic
an e basis ol eather searee biosteatigraphic records (eg. Konzalova 1973)
e rachomerie dita {analegy with the Brioverian ol the West European
Hereynidesi. Mierofossils in s latest part indicate a relationship 1o the
Cambeim, A break o sedimentation. which is known lo have ocewrred in the
Zuleznd Ty areas hias not heen assessed in the Barrandion basin,
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‘Ihe Proterozoic sediments are of the eugeosynelinal 1ype, attaining a thickness
of aboul 8300 1, Recent invesiigations of Rohlieh - Stovickovd (1908
and Jaked ot al. (1979 indicate that the Prolerozoic sediments for the most
part set on Lhe oceanic crust.

According 10 Holubee {1966) sedimentation was ol a evclic character
and the sequence involves the following principal rock types:

1. clastie, broadly homogeneous rocks igreywackes, shales, siltstones],

2. rocks showing rhythmic sedimentation. The rhythms of mm-ovder compose
eveles of ea. 100 m thickness. The amount of siltstones varies between 10
and 50 per cent,

3. rocks with pseudogalls, intraformational breccia and conglomerate. They were
produced by turbid sedimentation and redeposition, subaqueous slumping
and the like, and are often in association with the products of basie
voleanism. Conglomerates, occurring chiefly in the southern limb of the
Barrandian are intealormational and contain pebbles of allogenic material,

4. productss of submarine basic volcanism, and the genctically indirectly as-
socialed Ivdites, silicified rocks, graphitoid shales® pyritic and caleilied rocks
o impure limestones. Graphitoid shales were formed by quiescent sapro-
pelitic sedimentation, often before the onset of younger exveles.

y T By O Y 4 B ! v o

3.3 Schemalic section through the Upper Proterazoic in the Zelezné liory thlls, according
te J. Svoboda, 1965 .. -
Pre-ore division: 1 — argillaceous shales and greywackes; 2 — graphitic shales and pyrile-

bearing quartzites, QOre division: 3 — a layer of Mn and Fe ores with Mn ecavbonates. Post-ore
division: 4 — graphitic shales with a layer of quartzitic shales
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Table 3.3

Survey of straligraphic schemes for the Upper Prolerozoic

Holubee 1966

Kettner - Kodym | Svoboda - Fiala Maska - Zoubek Rahlich 1961,
1919 1955 1961 1965 ~ ~ (approx. paralel-
) lization)
Post-spilitic Post-spilitic Stéchovice Upper NiZbhor
stage complex series | series
Lower Nizbor |
series
Ledice Beds
Complex with | Post-ore Zbiroh Fm, Davle series i Zvikovee series
silicites b 2 Farmation {with siliciles)

Spilitie
stage b

Complex with
spilites b 1

Pre-spilitie
stage

Kralovice area

Ore Formation

Pre-ore
Formation

Monotonous
Formation

Zelezné hory

spilile eomplex

Kamenee Fm.
{with graph.
quartzite and
carbonates)

Hromnice Fm.
{pyrile-bearing
clav slates)

Pre-spilitic
complex

Plzef area
Kralovice area

Blovice series

Vitava-river
valley

Upper Rabsten
series

TLower Rabiiejn
series

Plzesi area
Kralovice

of ihe Barrandian (M. Suk, eriginal)

Table 3.3

Zoubek V. 1976

Chaloupsky 1978

Chab 1978

Matek - Zoubek J.
1080

lower Brioverian series

upper
Brioverian
series B2

Post-ore
Formaticn

Bac

Ore Formation
Bib

Pre-ore
Formation

Be

npper

middle

lower

Brinoverian:

rhylhmites
with shales
+grevwackes
npper banded
phylliles

phyllites
with graph.
shales—tcale-

silicate rocks

spilites

slates and
erevwackes

Dobiii Group
{Series)

Lotice Member

Davle Group
(“Series™

Blovice-Tepla Group
{“Series™)

¥Vltava-river valley,
Kralovice area

Stichovice Group

Kralupy-Zbraslav
Group

Vitava-river valley,
Kralovice, Blovice
areas




Within the whole area, [lolubec (Lc.) established seven megacycles, which
dillfer in both the average composition and the thickness of the individual Laxers,
YVoleanie effusions recurred and their material is present in most of the eveles
{see Table 3.3]. Holubec {1966} also discriminated two sedimentary develop-
ments: the West Bohemian, corresponding to a shallower sedimentary arca with
sediments less differentiated in facies development and containing a higher
proportion of greywackes. and the Central Bohemian, with more varied sediments
deposited in agitated environment. The boundary between the two developments
runs approximatcly along a deep lanlL.

Chah-DPele (1973), Chab {1978) and Masek-Zouhek {1980) and
other authers deny 1he possibility of delimiting the extent of the megacveles in
space and propose a simple stratigraphic division of the Barrandian Upper
Proterozoic (Table 3.3]. In any case, however, the yvounger unit with rhythmites
of the flysch type (Stiéchovice Group) corresponding to the previous “Posi-
spilitic  Group”™ {possibly 1o Foeambrian of Svoboda et al. 196061 s
unanimously separated from the stralal sequence formed by exelie sedimentation,

In the “lslets Zone™ only fragments of metamorpliosed Proterozoic have heen
preserved: they correspond steatigraphically to the rocks of the southern lunh
of the Barrandian. Some oceurrences with lenses of limestone, which may be of
Palaeozoie age, have been grouped with them. A melaconglomerate found E of
Ondiejov (Vrdana - Chalb 1931} contains pebbles derived from the near
metatonatite. In ease the assunption of the Proterozoic age of this conglomerate
were correct, the basement of the Upper Proterozoic sediments would he verified
here.

In the Zelezné hory [lills the stralal sequence is known in greater detail, in
the Zelezné hory crystalline area, in particular (Table 3.31. An unconformtty is
there proved benealh the uppermost Proterozoic and Subeambrian. Aecording
o Svoboda - Fiala 119571, this division conlains glaciomarine and
glaciolluvial deposils and is not necessarily equivalent to the voungesl parl of
the Barrandian Prolerozoic.

The Vitanov Formation in the southern part of the Hlinsko zone (Vachtl
197171 1s formed of metapelites and qguartzites. and in the upper part there are

basic and less abundant acid volcauites. It corresponds mosi likely te the Upper
Proterozoic,

The Krusné hory region

The opinions on the age of the units of the Kruiné hory region are also mot
uniform. The oldest part of the stralal sequence, so called “the Lower monotonous
complex” (l.orenz - [fo1h 1984) is oflen correlated with the Spititic Group
of the Barrandian. Skvore (1975) pointed out the differences in the Hihology

of the two units {deliciency of volcanites and Lhe predumi‘nantly greywacke::lus
character ol the rocks of the Krusné hory areaj, and consilclered that I,htj: }(:l l():r
units might be lacking and the enlire Krugné hory c?ystallme complex might be
correlated wilh the PPostspilitie Group of the Ba‘rrandlan. ‘

The upper metagreywaeke complex (Plisednice Group} is usually regarded as
equivalent lo the Postspilitic Group on account of the content of conglomerates.
However, it resembles rather the Spilitic Group in the overall development. and
especially i1 containing basic volcanites. ‘ .

These uuils are often thought 1o be separated by an unconformity ass?(:lated
with folding and metamorphism, which would correspond. 1o the Zelezné hory
phase. The unconformity, however, has not been substanuated.structulrally; the
differences in melamorphism can be cxplamned as due to a high resistance of
greywackes 1o kneading and thus also to metamorphism. The conglomera};es
cox;tain only non-metamorphesed pebbles of granitoids, greywacke, quarlzite,
porphyites and basalt. ]

The overlying varied sequence including the Jéchymov, Klinovec and Arzberg
Groups is usually placed in the Cambrian but some authors dated 1t as Proter-c_:-
zoic (Stettner 1974). The presence of an unconformity at the base of this

unil is questionable.

The eastern part of the Bohemian Massif

The Proterozoic rocks in the eastern part of the Bohemian Massil are a
continuation of the Barrundian Proterozoic on the one side and of the
Proterozoie units of the Moravicum on the other side. Exceptional are the
migmatized gneisses and orthogneissic rocks of the Desné and Keprnik Domes
which, according to some authors may correspond even to earlier structural
stages. In the Upper Proterozoic of their mantle Misaf {1963) distinguished
a schistose facies, which he regarded as carlier. This occupies an extensive area,

.eropping out at the surface mainly in high-grade metamorphosed units of the

Lugicum {Velkd Upa Group in the Krkonose Mts.! (Table 3.1}, Stronie Group
in the Orlické hory-Klodzko Dome, and a greater parl of the Svratka anticline).
Crystalline linestones in various stratigraphic positions, inicrlayers of other
rocks and varying proportion of metavoleanites occur sporadically. Granulites
that are also present probably correspond stratigraphically to those of the
Meldanubicum.

The greywacke facies, which is thought to be younger, develops gradually
from 1he schistose facies, and builds up the Zabieh umnit and its equivalents
{Politka and Lelovice crystalline complexes). It contains basie volcanic rocks.

The varied neritic [acies with limestones. graphite and amphibolites is of
a substautially lesser cxtent, being developed chiefly in the south-eastern part



of the Lugicum, in the Moravicum and Silesicum. [1 originated only under ap-
propriate sediumentary conditions and is coeval rather with the greywacke facieg
(Misaf 1963).

Similarly as in the Moravicum, the mantle of ihe Proterozoic is formed of
palaeontologically evidenced Lower Palacozoic — the Devonjan. Its extent,
however, cannot be determined prectsely because of metamorphic alterations.

The Krkonofe-Orlické hory region

The stratigraphic classification of the Krkonose-Orlické hory crystalline complex
is far from being uniform. The Proterozoic units are particularly difficult to
distinguish from those of Early Palaeozoic age. Chaloupsky (1979, 1981)
proposed the following stratigraphic unilts 10 be established in the erystalline
complex of ihis region;:

— the Velka Upa Group — a monotenous sequence of mica-schists
and phyllites, enclosing a more varied complex of mica-schists with inter-
layers of calc-silicate rocks, amphibolite, quartzite and graphitic schists. It is
dated as Middle Proterozoic (equivalent 1o the Varied Group of the Alolda-
nubian eomplex), and developed typically in the Krkonose Mis,, eg. in the

valley of the river Upa. between Ob#i dol and Velka Upa:

— the Machnin Group is a monotonous sequence of melagrevwackes

and phyllites with layers of metadiabase. It corresponds to the Upper Pro-
terozoic of the Barrandian and is developed typically in the northern part
of the Jestéd area:
the Radéice Group in the Zelezn¢ Brod area (J, Chaloupsky also
assigns to it the Zelezny Brod voleanic complex}) is a varied sequence of
phyllites with interlayers of metalydite, green-schists and metadiabase lavers,
It has been correlated with rock complexes within the range of Upper ’ro-
terozoie—Lower Ordovician; in lithofucies it shows relations to the Upper
Proterozoic of the Barrandian and the Zelezné hory Tlills. A typical develop-
ment of this unit is near Zelezny Brod.
In addition. J. Chaloupsky defined in the KrkonoSe-Jizerské hory ervstalline
complex also Lower Palacozoic Ponikla Grou p (inferred Ordovieian and
palacontologically evidenced Silurian) and the Jitrava Group (Late Devonian
age evidenved Koliha 1999, Chlu pac 19790,

b T

34 Stratigraphic scheme of the Cambrian in the Boheminn Massil (L. Chlupag, orig.)

I — polymictic greyish-green conglomerates; 2 — polymictic reddish conglomerates; 3 —
greyish-green and red conglomerates with tuffaceous admixture; 4 — whitish-grey quartzose
conglomerates; 5 — greywackes and sandstones; 6 — clayey and silty shales; 7 — porphyries;
& — metamorphosed rocks; 9 — racks affected by subsurface alterations
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In the Orlické hory Mis. there are the Sip onie and Nové Mest o
Groups, which Oplelal places in the Middle or LUpper Proterozoic (Table 3.1 )
adl Fajst (1976} in the Middle Proterozoic: the latter author ussumes tlo
Lale Proterozoic age for the Zabiels Group s.1. {ie. the Zabteh, Siaré
Mesto and Nové Mdsto Groups — Table 3.1) and jts separation from the aboyve
units by the “Orliee™ unconformity,

3.1.2 Lower Palacozoic

Cambrian

The principal occurrences of the Cambrian are in the Barrandian and pulaconto-
logically evidenced Cambrian is also known from the Zelezné hory; the remain-
Ing oceurrences are ranged to the Cambrian with reservation. chielly ou the basis
ol lithological analogies and correlation with other areas.

In the Barrandian, the principal Cambrian sedimentars area (Lhe Piibram-Jin-
ce basiny, Havlidek V. 1981} was situated south of and eccenlrically {o
the sedimentary area of the younger syslems. The Cambrian deposits crop oul
at the surface in the extensive Brdy area and the Skryje-Tyfovice area of
smaller extent. In both of them the Cambriai lies on the Proterozoic eomplexes
with a clear-cut angular unconformity,

The Brdy Cambrian, whose lower part is clussed with the Lower
Cambrian is formed of thick accurnulations of clastie sediments {combination of
couglomerate and sandstone facies, higher up with a portion of volcanic ma-
terial). As a whole, the sequence consists predomivanily of continental sediments
Kukal 197ta). A prominent member is the Zitec Conglomerate, the pehble
material of which contains Proterozoic rocks, granitoids and subordinate meta-
morphites  (metaquartzites, mica-sehist, rare orthogneiss. ete...  Chrganic
remains have heen found in the Lower Cambrian only in the shale interlayers
of the Hofice Sandstone, which yielded remains of the merostoms {arthropod
Kodymirus vagans, which is the oldest [aunal fossil found in Czechoslovakia,
ils hiotope heing doubiless a limnic or lagoonal enviroument:. The iddle
Cambrian represented by the Jinee Formation is richly fossilifecous; the marine.
predominantly trilobite faunas permit a zonal division and correlation willl other
areas as well. They provide evidence for the palaeo-zoogeographie assignmentt
of the wnit to the Medilerranean subprovince. The gradual decrease in faunal
content in the upper part of the Jinee Formation documents a praceeding
freshening of the basin, which preceded the retreat of the sea (Upper Cambrian
is no more evideneed palaeentologically).

In the Skryje-Tyfovice are a the marine lransgression over ihe
Proterozoic hasement is dated as early Middle Cambrian; the Skryje Shales
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3.0 Geologieal section of the north-enstern part of the Barrandian (V. Havlidek 1931)
It — Proterozoie, s — Sidek Member. Ch — Iloliin Conglomerate, Cho — Ilofice Sandstones,
N — Tienice and Milin Formations, (tar — Klabava Formation, Olv — Sirka Formation.

10 — basall tuffs, 0d — black shales ol Klalbava Formation, q0 — quartzose sandstones of

The presence of the Cambrian is alse assumed in the “Islets zone”, in the
Tehov “islet” lcontaet hornfels. quarltzite, ete., Vajner 1963), the Sedldany-
Krasna Hora “islel” iHavlidek V.- 5najdr 1955), and in the buasement
of the Bohemian Crelaceous Basin {boreholes in the areas of Trutnov, Podébra-
dy and elsewhere). The Cambrian is probably also represented in the meta-
worphie rocks of the Kruné Lory Mts. (the Arzberg Group and the lower part
of the Klinovee Group) but iis presence is only based on the cor-
relation with the Saxoen-Thiiringen region, where it is evidenced palaconto-
logically. In the Bohemian part of the Lusation region the Cambrian 'may ocenr
in the Krkenose-lizerské hory crystalline complex, e.g. some older sequences
with carbonates, but there is no evidence available as vet.

Ordovician

The Ordovician is best known in the Barrandian but is also evidenced palaconto-
logically ie the basement of the Bohemian Creiaccous Basin and in the Zelezné
hory Hills. As concerns 1he metamorphosed units, it is represented in the “Islets
zone aud in the Krugné hory and Lusatian regions.

Ordovician in the Bavrrandian

In the Barrandian the Ordovician sedimentialion was conecenirated in the tecto-
nically founded hasiu, clongaled in NE—8\V direction and showing the maximum
subsidence in the axial parl {(Prague basin in the seuse of Haviidek V.
1981}. The Lower Ordovician lies Lransgressively on the Proterozoie or Cambrian;
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Dobrotivi and Libefi Formations, Obl — black shales of Libeii Formmation, Ob2 — Leind
Form., Ob3 — Vinice Form., 81 — Litefi Form., 8k — Kopanina Form.,, Ob4 — Zahofany
Form.. Ob5 — Bohdalec Form.. Okv — Kriliv Dviir Form., Oks — Kesov- Form., Sp —
Prdoli Form., DI — Lochkev Form., Dt — Tiebotov Form., Ds — Srbske Form. Silurion
basalts — in Mack

sedimentation began in the Tremadocian and continued until the deposition of
the boundary Ordovieian—Silurian beds. The facies development is distinguished
by combined shallow-water sandy and deeper-water shaly facies. [n the Arenig
and lower Berounian ihere are frequent basalteid voleanies (mainly the Komdrov
complex), and in Lhe near-shore lagoonal environment favourable condilions
for sedimentation of oolitic Fe-ores existed loeally, Rich faunas with a pre-
dominanee of benthic forms {esp. trilobites and brachiopods; belong to the eool-
water Ordovician Mediterranean Provinee, and they muke possible a detaile:d
biostratigraphic classifieation. The stages of the Upper Ordovician as proposed by
Havlitek V.- Marek {1973! can he applied to the entire Mediterranean
region. For the summary reports on the Barrandian Ordovieian see ITav]i-
¢ek V. (1981, 19821 Hlavlitek - Vaneék (1966, biostratigrapliy], Ku-
kal 1963 (lithology) and Fiala 1971b (voleanites).

Other vnceurreneces of the Ordovieian

The Ordovician sedimenls extend from the Barrandian castwards into the
basement of the Bohemian Cretaccous Basin (they Lave been proved by boring
in the vicinily of Podébrady, Pardubice and west of IIradec Kralové — Klein
1978). They crop out at the surface in the norlhern part of the Zelezné hory
area, where the Tremadoeian and Berounian were evidenced palaeontologically
Prantl - Razicka 1941, Havlidek V.- Snajdr 1951). In Lhese
oceurrences the Ordovictan displays a monotonous shale development with a
sole, rather conspicuous quartzite member.

In the “lslets zone” the sequences of prevailingly chiasiolite and cordierite
slates with one major layer of metaquartzite are ranged to the Ordovician on
the basis of superposition (Svoboda 1933, Vajner 1963). The correlation
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with the Barrandian is also facilitated by the chiefly shale development of the
Ordovician in the BoZmital area, where Arenigian and Berounian have been
established on palueontological evidence (Havlicek V. 1977).

In the metamorphic complex of the Kruiné hory Mis. the rocks of the so-
culled “Phvllite Group” in the areas of A§ and Kraslice are thought to
he of Ordovician age. The complex comprises quartzitic rocks and the overlying
phytlites and miea-schists, which may be the metamorphosed equivalents of the
Frauenbach, Phycodes und Grafenthal Formations of
the Saxo-Thiiringen region (Skvor 1475).

In the Lusalian region ihe determination of Ordovician deposits is questionable
becausc of an absolute lack of fossils. According to Kodym Q. sen. and

3.0 Steatigraphiv scheme of the Ordovician in e Czech Soe. Rep. (I Chilupié. m‘i;.:l.}
! — conglomerates and sandstones; 2 — cheris: § — siltstones and claystones: 4 — voleiic
rocks; 5 - quartzites: 6 — greywiackes and alternation of silistones and sandstones: 7 —
silistones: 8 — Ve-ores; 9 — stratigraphic breaks; I — metamorphosed eocks: 11— rovks

affecie:l by sub-uplace allerations

Svoboda (1948, in the Krkonode-Jizerské hory crystalline complex the se-
quences of sericite phyllites with metaquartzites and possibly alse the roofing
slates from Zelezny Brod ean be classed as Ordovician. Worthy of atiention are
metaconglomerates from Rokytnice nad Jizercu, which contain pebbles of
granitoids and older metamorphosed rocks (Chaloupsky 1963} In the
Jedigd crysialline complex Chaloupsky (1966) allocated to the Ordovician
the sequence of quartzitic phyllites, in the upper layers mainly sericite phyllites
with subordinale interlayers of limestone and metaconglomerate, overlain by
quarizites. According to the new stratigraphic classification proposed by Cha-















dary has been chosen in the Barrandian (Klonk near Su-
chomasty, see Chlupaé¢ et al. 1972, Mcel,aren 1977), and the units
established in the Darrandian becaine a basis for the stage subdivision of Lhe

Lower Devonian in pelagic development on the world scale (Lochkovian, Pra-

gian, Zlichovian ete., see Chlupaé 1976). Recently, the international para- .
stralotype of the Lower/Middie Devonian boundary has also been chosen in the .
Barrandian (Chlupa& 1982, For summary information see Chlupaé

{1968, 1981b, et al. 1979,
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318 Lithofacies map of Silurian—Devonian boundary beds in the Barrandian
{l. Chlupaé et al. 1972, Intervad of upper Piidolian—lower Lochkovian

! — platy limestones with shule interbeds; 2 — upper PPidolian in platy
limestone facies, lower Lochkovian in pure carbonate facies; 3§ — pure carbonate
facies {crinoid and brachiopod Is)

Other Devonian occurrences in Bohemia

Additionally to the central part of the Barrandian, Devonian has been de-
monstrated in the Roimitdl area, where clastic development is predominating
{Havlitek V. 1977). The late Lower Devonian also contains temtaculite
shales. Worthy of mentioning are the Bezdékov Conglomerates, whose lenticular
bodies consist, besides other rock material, of pebbles of eontact-metamorphosed
rocks, granitoids and rare orthogneiss (Fediuk 1959).

In the “Islets zome”, in the mantle of the Central Bohemian Plulon, the
Devonian is evidently represented mainly by light-coloured crystalline limestones

120

(parlly probably of reef origin, with crinoid remains} and the overlying cordierite
horulelses, quarlziles and monomietie Skoupy Conglomerates; these are develop-
ed typically in the Sedl¢uny-Krisnd Hora “islet” (Svoboda 1933, Chlu-
pade 198Lan

The light-eoloured 1*odol Limestone forming the core of the Vipenny Podol
syncline in the Zelezné hory area are very likely equivalent to the Devonian
limestones of 1he “lslets zone”. Their Devonian age fellows [romn the super-
postlion on the palaecontologically evidenced Pridolian with Scyphocrinites,

[n 1he basement of the Bohemian Cretaceous Basin the Upper Devonian
{Famenuian] limestones have been lound in the Nepasice horehole E of Hradee
Kralové., The earbonate sedimentation (bioclastic at the hase and grey and
redldish nueritic limestones higher up)} extends from the uppermost Devonian
to the Farly Carboniferons wilthout interruption, and the development is sunilar
te the southern part of the Moravian Karst, in particular (Chlupaé - Zik-
mundova 19761 The finds of pebbles of Lower Devonian limestones bearing
faunas of Pragian age in the Permian encountered by the borehole Zd&lin 8§ of
Mladé Doleslav. suggests a larger original extent of the Barrandian-type Devon-
1an heneath the Cretaceous (Zikmundova-Holub 1965).

On the Bohemian side of the Lusatian region the Devontan has been reliably
established only in Lhe Jesléd erystalline complex. According to palaeontological
finds. Devonian in age are dark phyllitie slates with voleanie products and
Frasnian and Famenoian faunas (Koliha 1929, Galle-Chlupa¢ 1976},
and the overlying granular and micritic limestones, in which a complete suc-
cession of Famennian conodont zones has heen delermined (Zikmundova
1964, The overlying shales vielded the trilobite fauna of the Devonian—Car-
boniferous boundary beds (Chlupad 19641,

The upper limeslone layers and overlying voleaniies in the Zelezny Brod
area of the Krkonoge-lizerské horv Crystalline may also helong Lo the Devonian,
but their age has not vet been palaeontologically evidenced.

Devounian of the Moravo-8ilestan region

The most extensive oceurrences of the Devenian in Czechoslovakia are in the
Moravo-Silesian region. The deposits belong there to the southern projection
of the Hercynian mobile system and lie transgressively on the older, for the
most parl Proterozoic basement,

The transgression proceeding from the north first reached, us early as in the
lower DNevonian ([Pragian}, the central parts of the basin, which even sub-
sequently were the sites of intensive  subsidence, mobility and submarine
voleanism. This development distinguished by predominant deeper-water psam-
milic-pelitic facies and abundant volecanites (with Fe-ore deposits) is denoted as
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! — tlastic sedimenis with a predominance of conglomerates and sandstones; 2 —
sandstones and quartzites: 3 — alternating siltstones and sandstones; 4 — shales (siltslones.

claystones, ealeareous shales); § — white and light-grey reef and organodetrital limestones;
6 — rosy bioclastic crinnid limestones; 7 — grey sparitic limestones; § — dark-grey sparitie
and micritic limestones (locally with shale interbeds); 9 — reddish 1}0[1ula_r mieritic
limestones; ) — grey nodular micritic limestones; II — limestones with thw!\:-sheiled
brachivpads (“Stringocephalus Limestone); 12 — dark-grey “Amphipora Limeslone”; 13 =
limestores and dolomites in general; I4 — cherts; 75 — volcanic rocks; 16 —'strahgraphlc
Lirenks; 47 — metamorphosed recks; 18 — rocks allected by subsurface alterations
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the Drahany or basinal development. It is rcpresented mainly in the Hruby Je-
senik Mis. {affected by medium-grade metamorphism), the Nizky Jesenik Hills
{(the Sternberk-licrni BeneSov belt) and in the northern part of the Drahanska
vrchovina Upland (southern part of the Konice-Mladeé belt, the area of Stinava,
ete.;. Whereas the basal clastics contain shallow-water faunas of the Rhenish type
{(typicaily developed in the Driakov Quartzites in the Hruby Jesenik Mis.}, the
pelagic faunas of the Bohemian type (e.g. Chabitov, Kii§fanovice, Horni Bene-
Sov) predominate in the upper part {the Stinava-Chabifov Formation). The
Ponikev Formation in the uppermost part of the sequence yields only consider-
ably impoverished pelagic faunas with conodonts.

In the peripheral parts of the basin, which were invaded by the sea only during
the Middle Devonian, the frequently very thick clastic sediments are overlain
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327 Lithofacies map of
the Moravo-Silesian  De-
vonian in the Dalejan to
Eifelian (V. Zukalové-1.
Chlupac 1982)

1 — clastic sediments (con-
glomerates and sandstones) ;
2 — shales (pelites and
siltstones) with volcanile
hodies, Chabitov Member;
3 — carbonates; 4 — pre-
Devonian rocks
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3.26 Lithofacies map of
the Moravo-Silesian De-
vonian in the Pragian

stage (V. Zukalov4 - I, Chlo-

pad 1982)

1 — clastic sediments,
sandstones and  conglo-
merates; 2 — shales (pe-

lites and siltstomes} of the
Stinava Formation; 3 —
pre-Devonian rocks
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by the sequences of shallow-water carbonates of the Macocha Formation. They
aitain a thickness of several hundreds of metres and econtain Givetian— [ 'pper
Frasnian reef complexes. Conspicuous facies changes and differentiation did not
oceur before the [inal phase of the Devonian sedimentation, when various ho-

3.28 Lithofacies map of
the Moravo-Silesian De-
vonian in the Givetian
siage (V. Zukalova - I. Chlu-
pad 1982}

1 ~ pelitic-carbonate facics *
with wvolcanic rocks (Jese-
nee Limestones, ete); 2 ~
shallow-water carbonate fa-
cles, Maecocha Formation;
3 — pre-Devonian rocks
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3.29 Lithofacies map of
the Moravo-Silesian De-
vonian in the Fammenian
stage (V. Zukalovi - 1. Chlu-
pac 1982

1 — shaly facies, Ponikev
Formation; 2 — carbonale
facies with a predominance
of laminites (Hnévotin Li-
mestones) ; 3 — carbonate
facies with a higher content
of pelites (K#tiny and Ha-
dy-Ritky Limestones); 4 —
carbonate facies without a
higher content of pelites,
5 — pre-Devonian rocks

clastie, mieritic and pelitic facies were deposited. inclided in the Lifen Form-
ation. This development called after its typical area the development of the
Moravian Karst, is widespread particularly in the [oredeep and basement of the
Carpathians from northern to southern Moravia (from the aren of Cesky Tégin to
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343 Geological cross-section of the western part of the Mgeno basin (between Melnik
and Bezdéz)

Crystalline complex: Ia — Upper Proterozoic (quartz-albite-muscovite-chlorite subfacies), Ib

— Upper Proterozoic (quariz-epidote-biotite subfacies), I¢c — igneous rocks {granodiorile,
diorite, granite); Upper Palacozoic: 2 — Lower Grey Formation, 8 — Lower Red Formation, 4 —
Upper Grey Formation, 5 — Upper Reid Formation; Upper Cretaceous: § — Cenomanian,

7 — Turonian; 8§ — faults. established; 9 — faults, inferred; 10 — break in the section line;
11 — deep boreholes (V. Holub - R, Tasler 1980)

The Stephanian C is followed by the megacycle represented by the Chva-
ie¢ Formation (Stephanian C to lower Autunian). The higher megacyele,
Broumov Formation was formerly placed in the upper Autunian on the basis of
strong voleanic activily (e.g. Petrascheck 1934 et seg., Holub-Prou-
za-Tdasler 1965), but its greater part is nowadays placed in the Lower Autu-
nian on its lithostratigraphic (T é4sler-Valin 1982) and biostratigraphic {(IT o -
Tub - Kozur 1981) correlation with the Krkono$e-piedmont basin. The Oli-
vétin and Martinkovice Members contain significant correlative horizons of
limestene -and -bituminous pelocarbonates; abundant fossil fauna and flora found
in these rocks was described by Frié (1879—1901, 1912). After a major
inlerruption of sedimentation, corresponding to the Saalic orogenic movements,
the Saxonian (Trutnow Formation), Thuringian (Bohuslavice
Formation) and Triassic (Bohdafin Formation) sequences were
deposited. The post-Saalian sedimentation in the Lower Silesian Basin was of
a similar character as sedimentation in the KrkonoSe-picdmont basin.

The sedimentary arca of the Krkonose-piedmont and Mnichovo Hradisié
basins nearly coincided with that of the Lower Silesian basin. They differ in
that sedimentation in the Krkonose-piedmont basin began as late as the West-
phalian C and in the Mnichovo Hradisté basin even later — in Westphalian D.
In the Krkono3e-piedmont basin no seams equivalent to the Svatofiovice group
of seams are known; the Sy¥enov group of seams (with a recently discovered
bituminous coal deposit E of Lomnice nad Popelkou) corresponds to the Radva-
nice group of seams of the Lower Silesian Basin. The new biostratigraphic
investigations permit to parallelize the upper Prosefna Member of the Krko-
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The two rocks complexes that developed there are separated by a long hiatus.
The older, Carboniferous complex contains coal seams which stratigraphically
correspordd to the Radnice group of seams. It is not clear enough when the
sedimentation of the older complex had begun; V. Havlena thinks it to be
synchronous with other occurrences in central and western Bohemia, but N & -
mejc (eg. 1953) presumed that it had started earlier (in early Westphalian
B or even in Westphalian A). The younger complex showing the character of
red-beds with abundant produects of explosive volcanism, is regarded as being
partially equivalent to the Liné Formation.

Subsequently to the Asturian movements, sedimentation began in the Bosko-
vice and Blanice Furrows in the late Stephanian and lasted until the Aulunian;
the lack of palaeontological {inds does not permit to determine the time of the
end of sedimentation accurately. With regard to a tectonic revival and the
formation of marginal facies in the uppermost part of the profile, it is believed
to fall in the late Autunian, after the earlier Saalic movements. The Car-
boniferous—Permian boundary (in the sense of Remy - llavlena 1962)
is lithologically quite indistinet; in the Blanice Furrow it runs between the lower
and upper seam horizons, and within the range of the Rosice-Oslavany
group of seams in the Boskovice Furrow. The predominantly grey-coloured
sediments in the lower part of the filling of the Blanice Furrow were termed by
Holub (1980) the {(erny Kostelec Formation: the lower
Pekilov Member bears the older coal horizon (at Peklov near Kostelec nad Cer-
nymi lesy and in boreholes near Ceské Budé&jovice). The upper Lhotice Member
conlains small seams ol bituminons eoal and anthracite, which are worked near
Lhotiee and at several localilies near Vlasim {Nesperska Lhota, Chobot, ete.), and
representatives of the upper coal horizon in the Cesky Brod area. The upper
parts of the furrows are filled with sediments of the red-beds type which, chiefly
in the Boskovice Furrow, are represented by layers of grey bituminous pelo-
carbonates and limestones rich in fossil fauna (e.g. insect, fishes and crustaceans);
they are of help in biostratigraphic classification and correlation. The marginal
lithofacies of the Boskovice Furrow representing the whole stratal sequence in
the basinis the Rokytna Conglomerate.

The Upper Palacozoic sediments in the Zelezné hory Iills and sediments
recently encountered by boring W of Hradec Kralové (localities Zizkovece, Urba-
nice) have been interpreted as relics of the filling of the Jiklava Furrow. Litho-
logical analysis, however, has shown that they are older than those in the
Boskovice and Blanice Furrows. They are correlated with the Tynec Formation
of the central Bohemian region and with a part of the Permo-Carboniferous
Odolov Formation in north-eastern Bohemia {Stephanian B).

In the territory of NE Bohemia, there was truncated Permian sedimentation
in the Lower Silesian and Krkono$e-piedmont basins (“Pfalzian’ phase). After
a short break a new platform sedimentation continued in the Lower Triassie.

‘The Triassic sediments (Scythian — Anisian) are developed in the Germanie
facics. With these sediments the megacyclus of Late ’alaeozoic deposition ends.

3.1.4 Jurassic and Cretaceous
The Jurassic in the Bohemian Massif

The Jurassic of the Bohemian Massif forms a closed sedimentary cyele. which
begins with o transgression in the Oxflordian, Callovian and ends with the
regression in the late Tithonian. The sea invaded the area of the Bohemian
Massif gradually. At first the south-eastern part of the Massif in the foreland
of the Eastern Alps and the West Carpathians was flooded (Brix et al. 1977).
As early as in the Liassic this region was the site of continental sedimentation
of coal-bearing beds, interrupted repeatedly by sea incursions (paralic type of
coal sedimentation). Sedimentation of this type lasted until the Callovian, and
locally effusions of basic lava occurred. The deposits (Diviky Formation) have
been dated on palacontplogical evidence, when Vadic¢ek {1977) found a
lvtoeerate ammonite In the Biezi 1 borehole near Mikulov. Thus, all those
coal-bearing sediments cannot be interpreted as being of Late Carboniferous
age,

The Callovian-Oxfordian transgression proceeded into the Bohemian Massif
hoth from the Boreal and Mediterranean (Tethydian) regions. Jurassic sediments
have been chiefly preserved in the Dyje block, ie. in the area situated SW of
the fault zone of the Nesvadilka trough and cxtending to the basement of the
flyseh complex of the Wienerwald. North-east of this line the Jurassic sediments
have been found in autochthonous position by boring near Uhfice and Jezov
(Kostelnicek etal 1979, Rehanek 1980). The finds of Jurassic relicts
in the environs of Brno and Moravian Karst. combined with the distribution
of pebbles of Jurassic rocks in Upper Crelaceous and Lower Badenian sediments
suggest a considerable extent of the transgression. The Boreal sea invaded the
area of the Bohemian Massil through the Labe zone.

At the time of maximum inundation the two seas became joined through the
Moravian [(Saxon. in the German literature) straits (D vofak in Svoboda
et al. 196GG6).

In northern Bohemia, in the blocks sunken along the Lusatian fault (around
Doubice, Kyjov and Briniky) the thickness of the Jurassic exceeds 120 m. The
basal Briniky Member consists of sandstones with layers of micro-
conglomerate and claystone (secondary red beds, whose pigment had been
redeposited from Permo-Carboniferous sediments). These beach, littoral and bar
deposits are overlain by the Doubice Dolomite more than 100 m thick (E1id§
1981). The diagenetic or epigenetic sparry dolomites represent original limestones



deposited in an open shell environment with a good circulation and normal
salinity of sea watcr {a bay or a sea channel). On faunal evidence the stratigra-
phic range of the Jurassic in northern Bohemia is the Callovian—Kimmeridgian.

The Jurassic in the south-eastern part of the Bohemian Massif has a range
of Callovian to Upper Tithonian and a thickness of over 2600 m.

On the Dyje block, the transgression deposited the Nikoléice Formation,
mainly in the predisposed NW—SE running Hustope&-Nosislav depression, and
partly also on the parallel Mikulov-Drnholec elevation situated farther to the
south. These clastic sediments are interpretable as littoral, beach and bar or
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3.49 Palacogeography of the Triassic and Jurassic in the Bohemian Massif (M. ELas.
orig.)

1 — contemporaneous extent of Jurassic; 2 — outcrops of Jurassic carbonates of shelfl
lagoon; 4 — occurrences of rocks of basin and carbonate platform development; 4 — land-
mass, presumed extent; 5§ — shell lagoon, presumed extent; 6 — carbonate facies, inferred
extent; 7 — bagin development — assumed extent

3.50 Lithofacies scheme of the Juras-
sic in the Bohemian Massif (M. ElLias.
1978)

I — Niksltice Formation; 2 — Hruoso-

vany Limestones and Dolomiles; 3 —
Nové Sedlo and Vreanovice limestones
and Dolomites: 4 — Mikulov Marls: 2
— Kurdéjov lLimestones (lower part);
6 — Kurdéjov Limestones (upper part);
7 — Kobyli Limestones and Dolomites 4

1 L 2 To 3

NN s

probably lagoonal deposits. The sequence is independent of the distribution of
facics in the overlving units, which show the arrangement following the
Carpathian trend (e.g. trends of palaecogeographic and facies boundaries).

In the Jurassic of the Dyje block the pelitic-carbonate facies and the
carbonate facies are discriminated in the Callovian, Oxfordian up to upper
Tithonian interval (see Fig. 3.50).

Palacogeographically. the Jurassic deposits in the SE of the Bohemian Massif
are ranged to the Tethys shelf — a wide area of shallow-water carbonate
sedimentation, which bordered the Tethys in the foreland. The following facies
have heen distinguished in the shelf area:

a) the basin facies, a pelitic-carbonate development in the eastern part
of the Dyje block, broadly E of the Dolni Dunajovice—Nikol¢ice line. Towards
the E the facies links on the Jurassic sedimentary area of the Outer Carpathians.
The sediments are of a neritic to bathyal type, forming below the level of wave
movement, in an insufficiently aerated environment. The facies gradually petered
out westwards on a shallow carbonatt platform, which was a source of clastic
carbonate material for this area. As a result, the bodies of carbonate clasties m

the basin wedge out towards the east;

L) the facies of the carbonate platform and its slopes in the
eastern part of the Dyje block and SE of Brno (Strinska skala, Svédské valy).
It is represented by shallow-water carbonates {including oolite benches, paten-
reefs, sponge mounds, oncoid and stromatolitic limeslones, ete.). The carbonate
platform was 10—15 km wide and passed into a shelf lagoon to the NW;

¢) the facies of shell lagoon (northern vicinity of Brno, Moravian

404
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3.51 Stratigraphy of the Jurassic in the Bohemian Massifl

Karst) deposited in the area of shallow-water carbonate sedimentation with a
normal salinity and open circulation.

The shelf lagoon was probably of a large extent in the eastern part of the
Bohenuan Massif, 1t is evidenced by the finds of limestone and silicite pebbles
in the Upper Cretaceous conglomerates in the wider area of Svitavy (Soulkup
1956), in the lower Badenian of the Carpathian Foredeep between Znojmo and
Vyikov, in the Neogene relics near Moravsky Krumlov (Dvoifak 1956) and
in the environs of Trebit (Zapletal 1926, K. Zebera, personal com-
munication,

it is assumed that the connection with the Jurassic of northern Bohemia was
realized through this area.

In the late Tithonian the sea retrealed from the Bohemian Massil and this

area became dry land.

The Cretaceous in the Bohemian Massif

Lower Cretaceous —the Rudice Formation

The Rudice Formation {originally placed in the uppermost Jurassic)
is represented lithologically by variegated clays with fragments of Jurassic cherts
and guartz pebbles, and with locally developed limonitic Fe-ores at the base.
In the vicinity of Rudice, Olomucany, Habrivka and Babice 1t lies transgres-
sively on the Devonian and Jurassic. The overlying fresh-water Cretaceous
{Peruc-Korycany Formation) is of a definitely transgressive character, On the
basis of superposition but without direct faunal and floral evidence the Rudice
Formation is assigned to the Lower Cretaceous.

Of separale position, relatively far from the eastern margin of the Bohemian
Massif, is the Cretaceous mierolauna found near Kufim NW of Brno; planklonic
foraminifers with representatives of the genus Hedbergella, corresponding strati-
araphically 1o the Aptian—Albian interval, have been recovered there in hrec-
cias. This [acies, however, is clearly connected with the older Cretaceous develop-
ment of the Carpathian Externides, which formed part of the Tethys. As a result
of great subsidence of the margin of the Bohemian Massif, the transgression
probably expanded along tectonic lines of NW—SE direction, which were
strongly active mainly during the Tertiary giving rise to the Nesvadilka trough
SE ol Brno.

The Bohemian Cretaceous Basin

The Korycany Formation of ?Albian—Cenomanian age {(Cech et
al. 19807 is divided into the Perue and Koryvcany developments. The Peruc
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development is generally older. The residual sediments and products of kaolinitic
and lateritic weathering at its base are followed by kaolinitic sandstones, sandy
claystones, and eonglomerates. Thin seams of brown coal occur in the top part.
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The whole sequence consists of continental alluvial, lacustrine and deltaie
sediments, which In the younger part show even a lagoonal character.

The Peruc development yielded rich 'macrofloral finds (e.g.
Knobloeh 1971) of angiosperms and gymnosperms with Cunninghamites
elegans Corda, Frenelopsis alata (Feistmantel) Knobloch, and Myriophylium
geinitzi Heer. The comparative palynological studies (Pacltova 1978) have
revealed that the upper part of the Peruec development corresponds stratigra-
phically to the later Cenomanian.

Sedimentation of fresh-water complexes 1s limited to the topographical depres-
sions developing along the tectonic lines in the Cretaceous basin (Fig. 3.52). The
Peruc development atlains a maximum thickness of 50 m.

The Korycany development is predominantly vounger and litho-
logically represented by quartzose and kaolinitic sandstones. At the base thece
are conglomerates in places, and in the uppermost part calcareous clays to clayey
sandstones oceur. Littoral sediments deposited in this period contain rich marine
sessile fauna, The index bivalves comprise Inoceramus crippsi Mantell and L
pictus Sowerby; Actinocamax plenus (Blainville) is a typical bellemnite. In the
Cenomanian the sea extended to the Bohemian Massif first from the Tethys and
only later it became connected with the Cenomanian sea of northern Germany.

The maximum thickness of the Korycany development does not exceed
100 m.

In the early Turonian, the Bild Hora Formation was deposited
in a deeper sedimentary area. Marlstones predominate and sponge spicules and
spongolites oceur frequently. Along the northern and southern margins of the
basin there are siliceous sandstones, The average thickness of this sequence
ranges from 30 to 60 m and up to 130 in the northern part of the basin. The
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lower Turonian is characterized by foraminifers, as Praeglobotruncana stephani
(Gandolfi), bivalves as Innoceramus labiatus (Schlotheim) and Inoceramus cuviert
Sowerby, ammonites as Mammites nodosoides (Schlotheim) and Lewesiceras
peramplum (Mantell), and ostracodes Bairdia supplanata bohemica Pokornyi.
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3.53 Palaeogeographical map of the lower Coniacian (J. Valedka 1979)
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richest finds of macroflora come from the neighbourhood of Hiubokad nad Vlta-
vou and Zliv in the Ceské Budéjovice area; the presence of Cucculophyllum cx-
tincum (Velen.) Némeje et Kvatek and Quercophyllum pseudodrymejum (Velen.)

North - -
Cheb Sokoloy Borar 35"‘-'"‘ Cretaceous system in
Basin Basin ohemian ohemion ) .
Bosin Basin North Bohemia
Pliocene VildStejn Ledenice
Fm, Member
Upper
Miocen
$urmat - [7)Demanin
an v Member
Badenian Mydlovary
o . Fm.
!(Grpaih = | cypris Cypris Overlying Ztiv
colan Ctuys;one claoystane complex Member
<L Qttnang' Upper coal . Coal seam
an seam Antanin CoOmpiex
— coal seam
Clayey = Underlying
- rigen- sandy complex ard
K complax fresh water
x | burgion low coal Aneika ¢00l | limesiones
seom seam '
e . basal volcanodetri — jvoicanodetri —
~ (Egerian sands tal  complex [tal complex
71 tyoset coal |({Stiezov Fm.)
seam;)
Middle Volcunogemci
R compl. (Kulin
Oligocene bosal part [2)
- P =
_oer ’
diigocene Dvérce tuf- Lipnice
tite Member
Urper Storé sedlo |mosal
Eocene Fm. complex
Campan -
fan 7
Santo - Klikay
" nian . Merboltice Fm. |XhMember
___?._A_ * Bfezno Fm,
D | Conia~
ci=n Rohate *9
© i Te ‘l’c: :‘”‘DN o
_______ 1 m.
N p Xabe
. lizern Fm. V- IX
@ | Turonian
B1d Hora
< Fro. Ny
| Cenoman-
ian ]
w Korycany
. ' Memb e
x fYAlbian Peruc
ra
o - Memper | | 9Pcd
Aptian - — — 7 — :zu:;rgelm
6‘ [Kufim breec-
Neccom — cfal
ian Rudice
Memb._
Cieha — Fejfar 1975 E h
malkovsky 1979 ec 19;0‘ at. Soukup
1958
1968

3.58 Stratigraphy of the Cretaceons and Tertiary in the Bohemian Massif
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Némeje [. latifolium Némeje substantiate close relations of this [lora wilh the
Senonian lora of northern Bohemia and Lower Silesia.

The comparative palynological studies of the Coniacian marine sediments with
those of basal beds of the South Bohemian Upper Cretaceous have shown that
sedimentation in South Bohemian basins began at the latest in the Coniacian
and lasted until the Santonian (Pacltova 1979),

3.1.5 Tertiary

The stratigraphy of the Tertiary basins and occurrences in the Bohemian Massif
is summarized in the stratigraphic table (Fig. 3.58). It was compiled from all
data available. critically considered and confronted with the tectonic and pa-
lacogeographic history of the Bohemian Massif during the Cenozoic (Mal-
kovsky 1979). The objective of the [ollowing brief description is to point out
some peculjaritics of the development of the basins.

3.59 Distribution of the Tertiary in the Czech. Sce. Republic (M. Malkovsky 1975)
1 — neovoleanites; 2 — assumed distribution of Miocene sedimenls:t 5 — inultsy 4 -
Miocene watershed between the German—Polish sea and the Alpine-Carpathian foredeep






gene relicts in the Cheb-Domazlice graben (Tertiary of Marianské Lazndé — area
2b). Their thickness is up to 100 m at the eastern margin.

[n the Quaternary, neovoleanic effusions oceurred in the Cheb basin (Komor-
ni hiirka, age 0.26—0.85 Ma, Zelezna hirka, age 1.0—50 Ma; Sibrava -
- Havli¢ek 1980), and a small postglacial basin had originated and was
filled with diatomaceous earth and peat — Soos near Hajek, in the proximity of
Framigkovy Léazné. The Cheb basin has been up to date lhe most seismically
active area in the Bohemian Massif (Dvo#ak 1958a,b).

The Sokolev basin. In contrast to the Cheb basin, the structure of
this basin is controlled mainly by the faults of WSW—ENE trend, although the
earlier tranverse faults of NW-—SE direction (i.e. of another trend than shown
by those of the Cheb-Domaslice graben} had been involved in the formation of
the basin filling. Two major strike faults bound the basin structure: the Kruiné
hory fault in the N and the Ohfe fault in the S.

In the Sokolov basin and at the southern margin of the Doupovské hory Mts,
the Staré Sedlo Formation occurs in its classic development. Fine-
to coarse-gramed sandstones with kaolinic cement, secondarily silicified, are the
predominant rock type. Their maximum thickness has been assessed at the
southern margin and in the centre of the Sokolov part of the basin. The plant
assemblage is of ancient type, of late Kocene age, with many subtropical and
tropical elements (Knobloch 1962).

After a stratigraphic hiatus, the sequence of the Josel seam was
deposited. Hokr (1962) proved that the Josef scam is a component of conti-
nuous coal-forming sedimentation, suppressed by clastic fluviatile and lacustrine
material and deposition of pyroclastics. The volcano genic compliex de-
veloped from the sequence of the Josel seam. The voleanic malerial was sup-
plied by the Doupovské hory stratovoleano. The volcanogenic complex attains
maximum thicknesses in the area of Nové Sedlo and Alberov., apart from tLhe
western margin of the Doupovské horv, where the thickness increases abruptly.
As conclusive evidence of the age of the voleanogenic complex in the Sokolov
basin is not yet available, and the pollen spectrum resembles that of the Main
seam (Pacltovéa - Zert 1961), we place it into the Aquitanian (Gpper
Egerian).

Directly above the lower part of the voleanogenic complex, the coal-forming
sedimentation of the Main coal-seam Formation began. It includes
the Anezka and Antonin coal seams in the Sokolov basin. The
Anezka seam is developed only in its western part at a thickness of 5—12 m.
In the central part of the basin the Anezka seam merges with the Antonin seam,
forming its lower part. The Antonin seam is the thickest {20—30 m) and most
persistent coal seam of the Sokolov basin. The united Aneska and Antonin seams
in place of their conjunction attain a thickness of 60 m. Sedimentation of the
Main coal-seam Formation was closed by a sudden rise of water level and
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development of an extensive lake instead of coal-forming swamp. The Cypris
Formation which sedimented in it is formed of pelites. Exceptional are Lhe
Cankov Sands, 10—30 m thick, constituting an alluvial cone extending from the
N, in the upper part of the Cypris Formation.

The Sokelov basin is distinguished by a special development of Neogene se-
quences. due to synsedimentary subsidence of individual blocks into which the
basin is dissected. The sediments are of early Miocene age {(late Egerian—Oti-
nangian),

The North Bohemian Basin. [t is a typical example of a basin
formed as a result of volcano-tectonic subsidence. The Zatec sector between the
Stiezov and Podbofany faults subsided into emptied imagmatic chambers, which
supplicd material for the Doupovské hory Mts., and the Most sector between
the IKruiné hory and Bflina faults sank into the space left after the extrusion
of voleanic material for the western part of the Ceské stiedohoii Mts.

Palacogene sediments are known from the Podbofany area. In the kaolinic
sundls equivalent to the Staré Sedlo Formation, plant remains near
Valed and mammal finds in the basal part of the volcanogenic sequence (Détai,
Dvirce — Bazek - Kvadek - Fejfar 1979) provide evidence of the late
Eocene age of this complex.

The Volcanogenic Formation, represented for the most part by
a thick laver of tuffs and tuffites, is not developed over the whole area. It dates
from the main lower Miocene phase of neovoleanic effusion in the Doupovské
hory and the Ceské stfedohoii Mts. The start of voleanic activity has not been
conclusively daled so far. On the basis of the only floral genus Doliostrobus
(Bazek - Kvadek - Fejfar 1979) and the only faunal genus Elomerys,
and of the radiometric K/Ar age J.. Kopeck{ 1978} the basal heds are
thought to be 35.000.000 years old {early Oligocenel.

The lower Miocene filling of the North Bohemian basin is divided (according
to miners’ usage) into the Underlying Formation. Formation
of brown-coal seams, and the Overlying Formation. Their
total thickness in the deepest Most sector of the basin surpasses 500 m.

The Underlying Formation composed dominantly of sands and
clavs fills the depressions in the basin floor. In places there are indications of
coul sedimentation and thin seams of brown coal. The sequence is not developed
within the whole basin.

The Formation of hrown-coal seams in the Chomutov, Most
and Teplice soctors of the basin is represcnted by a uniform coal seam with a
thickness exceeding even 40 m. The coal seam shows a complicated development
at the mouths of ancient streams in the Bilina and Zatec areas. The alluvial
cones greatly affected the formation of the coal seam. In the Bilina area, a
typical della-like development on a small scale is observed (Huornik -Proks
10977). whereas in the proximity of Zatec the scam became split (from N to S)



into three minor seams, which gradually pass into coal clays and clays with coal
admixtore. Simultaneously, the thickness of inter-seam sequences and their
contents of psummites increase,

The Overlying Formation, which at a thickness of up to 500 m
covers the coal se#m, implies the deepening ol the luke basin and deposition
of clays in particular, and of sand in the environment of the two deltas. Sandy
sedimentation which also appears in places at the Kruiné hory margin of the
basin indicates a supply of material by minor stremms from the Krusné hory
crystalline area. Sedimentation of the Overlying Formation is for the most part
quiescent, monotonous. Only in the uppermost part of the sequence, in the Lom
Member (Vané& 1961, Elznic 1966) the coal and sand sedimentation de-
monstrates a gradual evanescence of the lake.

On rich palaeontological cvidence the age of the basin filling 15 early Miocene
{late Egerian to Ottnangian).

The Tertiary of the Plzen area {(2a) belongs genetically to the North Bohemian
basin. Tt was deposited by a system of streams that opened into the North Bo-
hemian basin in the Zatec and Bilina areas (Cadek 1966, Malkovsky
1975, Pesek 1972). The fluvial and oceasional limnic deposits are coeval with
the sediments of the North Bohemian browi-coal basin.

Tertiary of western Bohemia

The new palaeogeographic assessment of the Tertiary of W Bohemia is hased
on the analysis of the Neogene of the Bohemian Massif and the Alpine and
Carpathian foredeeps (Malkovsky 1975). The concepiion of a uniform
drainage system in Neogene time (Kodym, Sen. 1963) and of the identical
age of all Neogene occurrences within the interval of late Egerian — early
Badenian (Vael-Malkovsky 1962) has proved untenable,

The system of sireams opening into the North Bohemian basin, to which the
Tertiary of the Plzen uarea belongs (2a) and on which the river svstem of
central Bohiemia is linked, is of early Miocene age. It drained the Moldanubicum
region to the NV,

On the contrary, the system of streams opening into the Cheb basin, to which
the Tertiary of Marianské Liazné belongs (2b) existed in the late Pliocene. They
flowed through the Cheb-Doma3lice graben, draining the adjacent mountain
ranges.

The stratigraphic range of the neovoleanic complex of the Doupovské hory
and Ceské stFedohoii Mts.:

a The Doupovské hory Mts. The beginning of the aclivily of the
Doupovské hory stralovoleano was previously placed in the Aquitantan. At the
present it is dated, on evidence mentioned above, as early Oligocene. On an in-

direct evidenee. i.e. the ocewrrence of voleanogenic material in the Antonin seam
and close above il. the voleanic activity expired at the Eggenburgian/Ottnangian
boundary. There are no reliable proofs for the existence of later voleanic phases
in the Doupovské hory.

) The Ceské stiedoho#i Mts. The beginning and termination of the
main neovoleanic phase were synchronous with those of the voleanic activily in
the Doupovské hory Mis. However. the ascent of neovolcanites continued here
in a second phase. IL is demonstrably represented in the area of Teplice (Lom
near Most. Strbice): it is vounger than the sedimentary filling of the basin but
its stratigraphic position is nol known so far. There is no safe evidence available
of whether it is an independent phase or a phase approximale to or identical
with the latest. Pliocene 1o Pleistocenc phase (Sibrava - Tlavlidek P.
1980). An intricate straligraphy of the volcanic complex of the Ceské stiedohoif
is also suggested by very voung sedimentary interbeds in the central part (Sar-
matian — Rehakova 1967),

The Zitava basin

The Zitava hasin extends on the territory of Czechoslovakia, the German De-
mocralic Republic and Poland. Although it is separated from the eastern part of
the Ceské stiedohofi Mis. by a narrow transverse horst trending NW—SE (the
Luzice fault), it belongs to the Neogene zone of volcano-tectonic subsidence.

s development is consistent with the history of other basins at the fool of the
Kruiné hory Mis., and the sedimentary filling consists of lower Miocene beds
(upper Egerian to Ottnangian),

In the vicinity of Tlradek nad Nisou, the sediments are underlain by neo-
voleaniles of the main lower Miocene phase. The almost 400 m thick sedi-
mentary (illing is divided into the “Lower IIrddek Member™, which
oceurs in the W of the lradek part ol the basin. is maximum 140 m thick
and bears the lower brown-coal seam (A—23 m in thickness). The “Upper
Ilradek Member” overlies the lower brown-coal seam within the whole
Bohemian part of the basing its thickness excceds 270 m. About 1600 m above
the eoal seam there is a barren middle seam horizon of a thickness of 20—35 m;
about 200 1 above the lower coal seam the upper seam horizon covered with
30 1 averlving elays has heen worked until recently,

The relicts of lower Miocene hetween Frydlant, Kundratice, Visfova and
Arnoltice are also grouped with the Zitava basin. They represent a reduced
development of the two units. and YVacl (1964) considers the sean mined in
the part near Viska as an equivalent of the lower coal seam.

The Zitava hasin was supplied with clastic material by a stream [lowing from
the western margin of the Krkonose-Jizerské hory pluton and its contact Vacl-



- Cadek 1962), Sediments oceurring near Chrastava, Machnin and in Liberec
(Jamav Dil, Horni Hanychov) are of the same age as the “Upper Hra-
dek Member?”,

The Tertiary in the basins of southern Bohemia

The Neogene filling of the Tfeboii and Ceské Budéjovice basing is 1o be consider-
ed with respect to the drainage pattern during the middle Miocene. when a
predominant part of Bohemia was drained into the Alpine and Carpathian
foredeeps in the SE, and in the Pliocene, when the streams flowed norith- and
southwards from the upheaving area of central Bohemia. Sedimentation in the
two basins was contemporaneous.

The Palacogene (Oligocene} Lipnice Formation is preserved only in
relies, formed of sandstones of [luviatile and lacustrine origin and usually sili-
cified.

The Zliv Formation is the oldest Neogene unit. It had also sue-
cumbed to erosion and the preserved relics are silicified. The thickest and most
extensive complex is the Mydlovary Formation composed of clays, diatomaceous
earth and coal. It is also best preserved and readily comparable with the lower
Badenian of the Alpine foredeep (Rehakova 1965, Malkovsky 1975,
1979). Its character was modified by ingressions of salt water from the Alpine
foredeep. The following fresh-water moldavite-bearing Domanin Form-
ation overlies it in places; along the basin margins it consists of psammites
and psephites and in the centre of clays. In age the complex corresponds most
probably Lo the earliest Sarmatian (late Badenian?). The Ledenice
Formation lying unconformably on the Mydlovary and Ledenice For-
ations is of Pliocene age and again of fresh-water, generally lacustrine derivation.

Of primary importance for the development of the South Bohemian basins
was the early Badenian transgression extending from the Alpine and Carpathian
foredeeps into the Bohemian Massif at the time of the deposition of the
Mydlovary Formation. The sea advanced through the river valleys
far into the interior of the Massif (up to Lanskroun, Usti nad Orlief and Tignov),
and in flal areas, as were the South Bohemian basins, is eaused the salinity of
streams and formation of through-drainage lakes. The sediments of the streams
that opened into the bay of the early Badenian sea near Lanikroun are known
from the areas at the foot of Orlické hory Mts. and around Kraliky.

The lower Sarmatian sediments of the South Bohemian hasins are linked with
the Sarmatian fresh-water molasse in the foreland of the Alps. The Sarmatian
sediments arc traceable, for example, in the Schwandorf valley (Tillmann
1964), Le. at the same geographic latitude as is the northern horder of the Tre-
hoil basin near Tabor.

Tertiary in Silesia

Along the state frontier with Poland, the [resh-water lacustrine sediments extend
to Czechoslovakia in the neighbourhood of Vidnava, Grey kaolinitic clays with
illite admixture were mined together with a coal seamn at Uhelna. The Neogene
sequence aitains a tolal thickness of up 10 40t m and helongs to the lower
Miocene (Mazancova 1958). Recent investigations (Gabriel et al. 1982)
have not provided unambiguous stratigraphic dala.

3.1.6 Quaternary

The danng of Quaternary sediments i the Czech Soc. Rep. is based on the
universally aceepled fundamental division of the Quaternary into the Lower.
Middle and Upper Pletstocene and the Holocene, We are well aware that there
is a4 certain inconsistence in assigning the former earlicst Pleistocene, i.c. the
stages lerined Donau. Biber, Butley, Tegelen, Pretegelen, Briiggen, ete., to the
relatively well recognized Lower Pleistocene, although we do not know either the
number and character of their climatic oscillations or their duration. Moreover,
this classiflication does not take into consideration the geological peculiarities of
the sediments or the differences in the palacoreliel of the site of sedimentation.
The last but not least important reason s the lack of unanimity on the date of
the Pliocene—Pleistocene boundary, which varies beiween 3.5 10 1.8—0.69
million vears, Le. within a range longer thau was the whole (Quaternary in the
classic conception,

With respect to these facts we deal, at least in a detailed description, sepa-
rately with the oldest period and designale il in agreement with Zebera {in
Svoboda et al 1966) as the Early (Glacial and Interglacial; the First Glacial
is here meant to be the Ginz.

The Early Glacial (Donau, Biber, Pretegelen)

This period emhraces several, not accuralely defined cold and warm oseillations
al Lhe begiuning of the (Juaternary, oceupyving at least one third of its whole durat-
1on. The eldest sediments of this age in the region studicd are usually preserved
on platforms above the valley of the present-day rivers or as basal members of
the Quaternary complex in depressions.

In the Cheb basin Paeltova (1962) assigned the Vildstejn Formation to
this period but this stratigraphie position is not quite couclusive (Knobhloeh
1963, Sibrava 1974).
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downstream of the Vltava—Labe junction the Krabdice terrace (Balatka-

lley most authors think the terraces of group I to belong
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junction with the Vltava, it is the Horni P#im terrace (Zebera 1956) and
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lu the drainage basin of the river Ohfe. four highest terraces of group I have *\a = X " L
heen placed in ihe Early Glacial iBalatka - Sladek 1962) and parallelized ' T "’4 ok
- - . T e T - J
with the Labe terraces. According 1o palacomagnetic measurements of A. Kodi, : ¢ \ —
the Vvsofany terrace (I5) Talls in the Maluvama phase, either 0.9 or 1.7 mil- @ ;0 7T
‘. e . . - o~ A4
ion years B 12 The second date appears to he more probable. Although it is \ s ﬂ
only an approximate interpretalion of a single measurement, the great difference ‘3 20T han
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hetween the age ol the Lysolaje terrace group (820—980 thousand vears, Z 4- WNEC
-
ruba-Bucha-Tl.ozek 1977) and the alimost twice as great age ol the Vy- & i‘ i r'
solany terrace indicales lhat 1he correlation of river terraces in the Bohemian = i'., i
Massil is 50l only the question of topographic position, and that it will not be \\i'.-l
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. . . . v . N —_—
Mlowing from the Beskvdy Mes. and from the Bohemian Massif as well (T v r 4 - _3l b, %
cek 1961a. Macoun et al. 1965, Macoun 1980)) are ranged to this N =]
period. They are represenied by gravel without Nordie material. Of the same ’E/r =
age are very likely preglacial sediments ol through-drainage lakes, which have . W\,~ —
. . . £ (=2
heen found at the base of the Quaternary in the depressions and Lectonically i" -
surken villeys ? of the old drainage network in the Opava area. o .i".-‘.
The upper part of the “Pliocene varied sequence” of the Upper Morava de- T !%E‘
pression s demonstrably of Quaternary age (Macoun - Razicka 1967}, Eﬁ‘ﬁ
similarly as the analegous [luvio-lacustrine sediments of the Prostijovska and oY o T
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The Early Interglacial (Donau-Giinz, Tegelen)

No satisfactorily concrete evidence has so far been gathered for the Early Inter-
glacial on the territory of the Czech Soc. Rep. On the basis of the morphosirati-
graphic position, only part of the marly-stony colluvial sediments of the plat-
form at the foot of Rip Hill in Ctindves might be a sole representative of it. The
malacofauna includes the index species Gastrocopta serotina LoZek, which 1s

characteristic of the oldest group of Quaternary molluscs (Zaruba et ol , Fredam T
1977). The finds of vole species Mimomys pitimyiodes, M. reidi and Borsodiu ++++++++++I+:+++++++
sp. place this laver decidedly in the Villanfranchian faunistic stage (Fejfar - i% tHEEtt
-Horaéek 1983), E

The First Glacial (Giinz, Menap)

On the river Vliava it is represenled by a group of upper terraces, 1.e. the
Pankric terrace (G1) and Kralupy terrace (G2) (Zaruba et al. 1977); on the i g 258520 10 599050 11E
Malé labe by the Hradek aud Téchlovice terraces (Zebera 1956), and high ‘
terraces with a base at 88—70 m above river level in eastern Bohemia (Seky -
ra 1967); below the junction of the Vliava with the Labe by the Ledéice and
Straskov terraces (Balatka - Sladek 1962), and the Ne$témice terrace
Sibrava 1972). In the Rip srea Zebera considers the G2 sediments as
tacustrine-fluvial and substantiales the existence of the lake by a 3—10 im thick
bed of [inc-grained sand and varved clay.

In Moravia; the 35 m-terrace of the river Opava (Macoun 1980} and i e —— —_
analogous terrace on the rivers Morivka, Ludina and Beéva (Tyvradéek n ;
Macoun et al. 1965), and the younger gravel sheet in the Moravian depres-
sions may be equivalent (A, Zeman et al. 1980), This sheet is developed
most markedly in the Dyje-Svratka depression and in the Vyikov Gate. The
oldest proluvia with interbeds of loess and wind-blown sand, preserved locaily
at the margins of depressions, and old loess helow Cerveny kopec near Brno are

siratigraphic equivalents of it.

In the Ohfe river basin three terraces of group II are ranged to the First
Glacial (Balalka - Sladek 1976), but the parallelization is uncertain.

An analogue are thought lo be the loams in Cave VI on Chlum near Srbsko

in the Bohemian Karst with the fauna corresponding to the oldest phase of the
Biharian (Fejfar 1961), and the Lower Pleistocene filling of the karst cavity Cer-
Ilolitejn in the Moravian Karst (M usil 1966}, which yielded similar mammal The
fauna. — Tace
Zaruba- Bucha - Lozek (1977) allot to the interstadial G1/G2 the g of
rank of Tnterglacial and correlate it with the Cromerian. near
The

v to 302 denoted); § — TG
loess and fossit soils of L







Palaeolithic culture (Piezletician) of the Acheuléan type in the very profile, ac-
companied by rich fauna (Sibrava et al. 1979}, places the localily among
the loremost in Europe. The vertebrate fauna corresponds to the younger phase
of the launistic stage Biharian in the sense of Fejfar - Heinrich (1980).

In Moravia, this date is aseribed 10 the fillings of karst pockets in Stranska
skdala near Brno with Machatrodus fauna and Banatica moluse assemblage,
with index interglacial species Helicigona ¢apeki (Pbk) (.ozek - Fejfar
1957, Zebhera in Svoboda et al. 1966), and detritus accumulations on
the western slope of Stranska skala containing young Biharian fauna (Musil
19681, which cover the vounger gravel sheet (Zeman A. 1974).

Travertines at Kokory near I’Ferov are also ranged with the early Pleistocene,
without more detailed assignment (Tyraéek 1961b).

The Second Glacial (Mindel, Elster)

In the Vltava-river valley Mindel 1 is represented by the Vinohrady terrace and
Mindel 2 by the Leina terrace (Zaruba et al. 1977). In the Labe valley above
the conjunction with the river Vltava the Lhotka and Nepolisy terraces, in the
eastern part of the Labe valley five terraces at rel. altitudes 62 m (surface) and
50 mi(base), 58/52, 55/46, 35/30 and 38/30 m, and the Novy Hradec and Ci¢in
terraces at the Labe/Orlice junction (Sekyra 1967) are thought to be of
Mindelian date.

In the Ohfe-river valley Balatka and Sladek (1976) place seven separate
accumulation lerraces of groups IIT and IV in this interval. Loess deposits in
Letky, Zalov and Sedlec near Prague and in Horky rad Jizerou also belong here
(Kukla - Lozek 1961). The lower part of sedimentary filling of the karst
pocket C 718 obviously dates from interstadial M 1/2; it conlains typical Ma-
chairodos fauna with skeletal remains of Macaco cf. florentina, the first find of
a monkey in Bohemia (Fejlar 1976). The upper part of the profile falls
in Al 2,

In northern Bohemia, in the area of Nordie glaciation, denudation relics of
Elster glacial sediments, which had heen transported by melt waters into the
Floué¢nice valley and deposited there at a rel. altitude of 40—30 m, extend into
the Labe valley near Défin (Sibrava - Vacl 1962, Sibrava 1967).
Proluvial accumulations in the Ceské sifedohoif Mis, have been recognized hy
Buctkova-Razidkova (1967).

The first-order morphostratigraphic level is the Vinchrady terrace (lIIB),
which can be traced along the whole course of the Vltava from Prague basin up
to its junction with the Labe, and further along the Labe river as the Strafkov
and Neslémice terraces; in the neighbourhood of D&&in the latter links up with
the sediments of the Elster glaciation.

In the sediments of the continental glaciation in the Opavskd pahorkatina
Upland, Macoun (1980} distinguished the older Upava (M 1) and the
vounger Kravafe (M2) glaciations, separated by the Otice warm oscillation. In
the temaining area of northern Moravia the sediments of this glaciation are
assigned to the Kister without further subdivision.

In the extraglacial area of Moravia, the Mindel deposits comprise loess sheets
at the foot of Nova hora and Cerveny kopec near Brno (Kukla - LoZek
1961, Smolikova - Kovanda 1983}; the vounger fluvio-lacustrine se-
diments in the Upper Morava depression (Macoun - RaZiéka 1967); group
IV of the Moravian river terraces (Zeman A. et al. 1980). In the initial
phase of the Mindel the sedimentation of detrital deposits on Strdnskd skéla
probably came to an end.

The Second Interglacial (Mindel-Riss, Holstein, s. 1)

In the interior of Bohemia this period is characterized by the development of
intensely weathered soils of complex V (Horky nad Jizerou] yielding thermo-
phile molluscan fauna {Kukla - Lozek 1961); cave sediments (Dobrkovice
II, Fejfar 1963); in Moravia by interglacial deposits on Turold near Miku-
lov; travertine in Tutin (lLoZek - Tyracek 1938 Kheil 1963); paludal
sediments above the Rvenice terrace near Strance on the Ohfe river; and the
Labe terrace near Cilec, in which the index species Corbicula fluminalis (Miill.)
was Tound. This fauna was always considered to be typical of the Holstein Inter-
glacial, but the morphostratigraphic position of the terrace in the Labe-river
terrace system is not so unambiguous.

In the area of the Nordic glaciation the older accumulation of the Main ter-
race (Macoun et al. 1965) and analogous accumulations in the Upper Mo-
rava depression and on the middle Morava (Macoun-Razi¢ka 1967, A.
Zeman el al. 1980) correspond to the cold oscillation within the Holstein
Interglacial. In the Ohie river valley two (pre-Riss) terraces of group V are
parallelized with it (Balatka-Sladek 1976).

The organic and paludal sediments in Ostrava-Muglinov, Skiefofi and Dolni
Lutynd (Macoun et al. 1965) date from the earlier warm oscillation, and the
organic and lacustrine sediments of the Stonava relict lake from the later warm
oscillation. Sediments of relict lakes and ancient valleys in the Opavska pa-
horkatina Upland are correlated with the interglacial, in general.

The Third Glacial (Riss, Saale s. 1)

In the Vitava-river valley the Dejvice terrace (V) is ranged to R 1 and the
Veltrusy terrace to R 2 (VI — Zdruba et al 1977); in the Malé Labe valley



the Velky Barchov and the extensive younger Urbanice terraces, and with -
certainty the R 3 terrace, developed not very markedly and only in places (Z e -
bera im Svoboda et al. 1966) are placed in this glacial stage. In the
eastern sector of the Labe valley Sekyra (1967) assigns four terraces and
the complicated Kriiovice terrace at the Labe—Orlice junction to this interval.

In the Labe valley below the confluence with the Vltava, the Citov and
Mléechvosty terraces (Balatka - Sladek 1962) or the Nebofady and
Travéice terraces lLozek - Sibrava 1968, Sibrava 1972) are paral-
lelized with the above terraces.

In the Ohfe-river valley two groups of six separate terraces (Balatka -
-8ladek 1976), Le. VI, to VI, and VII;, and VII. are dated as Rissian on the
basis of morphostratigraphic correlation.

In the region of highlands and mountain ranges of the Bohemian Massif, the
markedly developed accumulation of the Main terrace on most of the rivers,
particularly in South Bohemian basins, the older glaciation of the Krkonose
Mts., and the basal parts of late Pleistocene loess sheets fall in the Riss stage.

In the extraglacial part of Moravia and in the Moravian depressions the
younger accumulation of lhe Main terrace and the Radslavice terrace on the
river Befva had developed at that time. The latter is one of the tnost important
stratigraphic key horizons in Europe for the correlation of the Nordic glaciation
with the extraglacial area in the Danube drainage basin and the mountain
glaciation of the Alps (Tyrdéek 1963). In the younger phases of the Riss
stage prominent accumulations of slope deposits were formed as well as the
most extenstve proluvia and gravel fans coalescing into proluvial belts at the
foot of mountains, and loess beds underlying PK IV in the environs of Brno.

In the area of Nordic glaciation in northern Bohemia the existence of the
Saale glaciation has not been evidenced although it is very probable, at least
in places. In northern Moravia the Saale glaciation was of maximum extent
(Tyracek 1961c). According to Macoun {1980}, traces ol two Saale
glaciations are preserved in the Opavska pahorkatina Upland: the older Oldiiov
phase is separated by a moderately warmer phase of the Neplachovice inter-
stadial from the younger Palhanec glaciation, The new division has not been
applied to the Ostrava basin and the Karviné area.

Intensive loess sedimentation within the entire Bohemian Massif is demonstrat-
ed by Riss loess deposits at the base of young loess series, occurring abundantly
in the interior parts of Bohemia (in the environs of Prague, in the Labe valley,
the lower course of the Jizera valley, Kuind [{ora area, and the areas of Kladno,
Usti nad Labem, Podbofany and Zatec), and in Moravia (vicinity of Brno and
the Moravian depressions),

The Third Interglacial (Riss-Wiirm, Eemian)

The last Interglacial is distinguished by a reduction of sedimentation and a pre-
dominance of weathering processes. Exception to this rule are karst areas and
the formation of travertines. In river valleys the oxbows were gradually filled
with sediments {Plotiité nad Labem near Hradec Krilové — Zebera 1958,
Babice and Jaroméf — Sekyra 1967). Cave deposits were laid down (fossil-
rich basal sediments in the Chlupaé Cave in the Beroun area, possibly also
Dobrkovice near Cesky Krumlov), which contain thermophile vertebral fauna
and last occurrences of the Banatica mollusc fauna with index species Helicigona
banatica Rsm., Soosia diodonia Fér., Aegopinella ressmani West, and others,
which are to date extinct in Central Europe (Lo zek 1973).

In this period the last typical interglacial soils of PK IlI were forming; they
are known from many localities in the loess areas of Bohemia and Moravia
(Sediee, Kladno, Horky nad Jizerou, Kutna Hora, Usti nad Labem, Novi hora,
Cerveny kopec, Modtice, Predmosti, Dolni Véstonice). Soils of terra fusca type
and fresh-water carbonates also developed, the latter e.g. in Radslavice, Pied-
mosti and Prerov (below the castle).

The Last Glacial (Wiirm, Weichsel, Vistulian glaciation)

Tn the valleys of virtually all streams in Bohemia and Moravia, independently
of 1heir size. the youngest thick sandy gravel of valley terrace had ac-
cumulated. The higher one or two terraces (W 1 and W 2) with separate
rock bases are sometimes ranged to the Wiirm and, on the other hand, lower
crosion or inset terraces have been discriminated in the uniform accumulation
of the valley Lerrace.

The Wiirm foess sheets are also of the largest extent. At suitable localities three
separale covers are distinguishable, separated by fossil soils PK 1l and PK L
Towards the end of the Wiirm, sedimentation of blown sands set in, persisting
until the carly llolocene, The development of slope deposits, debris materials,
sobifluction sediments. boulder fields and stony and detrital cave sediments was
very intensive.

The Wiimian vertebral fauna, abundant in loess profiles is distinguished by
three speeies: mammoth, wooly rhinoceros and moose (Pfedmosti, Véstonice,
Usli nad Labemn. vieinity of Iradee Kralové). Ursus spelaeus, Bos primigenius
and fquus caballus predominate in cave deposits. Most occurrences are accom-
panied by minor fauna of subaretic steppe (Chlupaé Cave, Cave above Kacak
in the Bolemian Karst, Dobrkovice, Volyiika-river valley, and nearly all caves
in the Moravian Karst, which also provide rich archeological finds).

In loess deposits the first to appear is the fairly thermophile molluscan Striata
Jauna, and above it the psychrophile Collumela fauna typical of the glacial



maximum, The most intensive deposition of blown sands (Labe river valley, the
Zelezné hory Iills, Moravia) took place during the expiring of the Last Glacial
and its transition inlo the Holocene (Postglacial).

Holocene

The youngest epoch in the history of the Earth is the Holocene, occupying the
last ten thousand years, since the relreat of the last continental ice sheet from
Europe 1o Feunoscandia. Beeause of human interference, the Holocene, which
would normally be an analogue of Pleistocene interglacials, is essentially dif-
ferent and has practically no analogy in the past. One of the main reasons is
the evolution of agriculture. giving rise to pastures and fields to the detriment
of forests. This duly resulted in a changed development of soils and more
intensive erosion and denudation. The distinctive feature of this period is a
practically permanent removal of the upper parts of soils profiles and, on the
other hand, cumulation of the eroded particles (I.o e k 1973).

Soils were ruined, resembling crude soils of cold Pleistocene intervals, ve-
getation also was adapting to changed conditions. Increased denudation caused
filling of river beds, and deposilion of flood loams.

The most widespread sediments are flood loams, deluvial sediments and al-
luvial cones. In places sandy gravel of the lower valley terraces was redeposited,
Peats are typical sedimenis of mountain and highland areas. Swamp peat,
lacustrine sediments (at Komofany, Cejé, Kobyla), terra alba, calcareous tufa,
gyttja, cascareous fen peats and fen clays and/or diatomaceous earth formed in
basins and plains, Fresh-water carbonates precipitated mainly from cold springs
form abundant but minor occurrences of a small thickness (Kovanda 1971).

3.2 The stratigraphic development
of the West Carpathian units in Moravia

The lithostratigraphy and spatial distribution of the West Carpathian units in
eastern Moravia is fairly well known (Fig. 2.25).

3.2.1 Triassic

Pebbles of light-coloured quartzite and limestone, which were found sporadically
in the malerial of the Magura Flysch, are thought to be Triassic on account of
their lithologieal character (Chmelik et al. 1969). This indicates that Triassie

sedimentation extended farther into the Vindelic landmass than was presumed,
forming probablly a separate sedimentary basin.

3.2.2 Jurassie

The Jurassic sediments in the units of the Flysch Carpathians form part of a
continuous sequence of strata only in the Silesian unit, which begins with Ti-
thonian sedimentation. In its Godula development, the lower T&3in
Member represents the pelilic basin facies, and the overlying Téin limestones
a mieritic facies. In the Baska development of the Silesian unit, the Tithonian
consists of the Stramberk Limestones, which belong to the perireefal talus cones
of the Baska cordillera.

In other units the Jurassic sediments are only known from redeposited clastic
material or tectonic klippes. These suggest that in the Dogger and Malm were
deposited radiolarites (Pfitluky) and lithologically differentiated limestone se-
guences of a small thickness (Piitluky, Cetechovice, Kurovice, Lukoveéek}; in
some parts of the original Zdénice and Raa areas the limestone sedimentation
preceded (as in Triassic) the initiation of the Outer Carpathian flysch geo-
synclinal area itself. The development of these sediments shows close pa-
laeogeographical relations to the Jurassic of the Klippen Belt {Cetechovice geo-
syncline, sensu Andrusov 1930}

Only the Tithonian limestones with transgressive pelitic-sandy Turonian in
the Pavlovské kepece Hills in front of the Zddnice unit (Pavlov zone, Kalé-
fek ot al. 1963) are indicative of the palaeogeographical and palaeotectonic
link with the platform development of the Jurassic in the Bohemian Massif.

3.2.3 Cretaceous

The sedimentary areas of the Lower Cretaceous experienced similar development
as the Jurassic basins. In the Silesian unit a continuous sedimentation procreded
from the Jurassie, being distinguished in the area of the Bagka cordillera by
disintegration and redeposition of clasts of the Stramberk Limesiones. In the
Godula development of the Silesian unit the Lower Cretaceous is charactevized
by a predominance of black flvsch sediments (Té§in-Hradisté Form-
ation, Vefovice Member), which were accompanied by svnsedimentary
voleanisra of the teschenite association and lransient supply of coarse sandy
material (Hradiité sandstone bodies}.

In the remaining flysch units the development of the Lower Cretaceous was
palaeogeographically independent of the later palaeotectonic development. The

4 Q7%
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3.68 Stratigraphic scheme of the West Carpathians in Fast Moravia
(E. Mendik, orig.)

continuation of the sedimentation of small thickness in the Cetechovice syncline
is demonstrated by calcareous claystones and marlstones in the klippes of the
Zdanice unit (Pritluky, Zdounky} and the Raéa unit (Kurovice).
The stratal sequences lithologically related to the sequence of strata of the
Silesian unit — the Té&&in-Hradi%té Formation at Barani (Ma-
téjka - Roth 1956) with the overlying Lhoty Member and the

M A G UR A LOMPLE X
MI1DDGLE COMPLEX
Juter units {lnner umits)
Siiesrar unrt Reca wunit Bystricao unit BHé& Karpaty unit
______ .
Kroore 7=
<’Kué!ru
Men-Lte Zlin . Beds
Fm e mmm e Fm. =
< Ch2rt Beds w¥setin N e e e e — - ———
—_——— T o !
<Kliwa Sondstone Beds PR Bystrize |2 % e 4
» 5F i 5 c deve !
,g"u}, m ecs PE e
< TR wrpmy Vldra
Submeni- At [2s¢ ere
e e — . ! . '
e Tietkonice pelovein Belovein .k SR
T s L mer
Fm \5andstone Fm. om -
______ g 3 .
. L3 N
——————— w 48 P %
(’_\lurieguted a Sotar [ N
Ll & Ee |- rivedngey
> B : 5 E < peds  *
Uy |
Istennc w Plichov
Fm- Sikovi . Mari
Poikovite - : 2
. sNalina.| Beds - =
3 {wee Sand | T e
a aatane b—mm————— — — —— — w (SVanaated
23
rPustenng
@ {ganzsrgre| [T ms=—=— - 1
| soauin 2 S
o . <
Bo¥ka Beds "o
s =
3 » v
H v oo
ht [
R o E
Variegoted _ . - o
- = “5andst v
Beds. 3y rayice :] o
- Hluk
Lhata Beds Chiebovice Beds a
Velovice Beds " 2 Frm.
HrogeiXtd c
T  ER——
Tédln - wrad $té Fm. ° o,
Taver Beds 5w
Fm ot Strambers e 3
- Limestane s 2
Tésin Limestone : =
¥
Lower 183in Beds Liromberk Limestane E
T =
23
z Ll
3 a
f£= 8
m° x> J
Z 3
z_2

Varied Godula Formation (Albian—Cenomanian} at Smradlava —
folded in the frontal zones of the Raca unit in the Moravskoslezské Beskydy
Mits. point to a palaeogeographically independent configuration of the sedi-
mentary basins prior to the foundation of the younger Magura geosyncline.
The basin of the Bilé Karpaty unit in the Early Crelaceous and at the
beginning of the Middle Cretaceous {Aptian—Albian) communicated: with Lhe






area of the Klippen Belt. They are characterized by the sediments of the Hluk
Formation (Buday et al 1963).

The Middle Cretaceous is distinguished by the maximum sedimentalion of
sandy [Ilysch facies of the Silesian unit, whose thickness ranges from
several hundreds to several thousands of ‘metres. It is foreshadowed by flysch
sedimentation with spotted claystones (Lhoty Member). The Godula Form-
ation ilsell consists of complexes of fine to middle-thythmical flysch; in the
basal part it is represented either by varied development (Varied Godula Member)
or by sandy development (Ostraviee Sandstone), which is also distinctive of the
middle Godula Member, Sandstones of this sequence are characterized by mass
occurrence ol glauconite. Sedimentation of the Godula Formation persisted until
ihe early Senonian. At that lime gradual transition into the Istebua
Formation {upper Senonian) is indicated by the deposition of isolated
sandstone-conglomerate bodies. which are lithologically related to these upper
layers (Pustevna Sandstones and Conglomerates and Malinowecka Skala
Sandstones).

In the Batka development of ilie Silesian unit, the Chlebovice
Formation and the overlying Badka Formation are equivalent
10 the Middle Cretaceous. The former is distinguished by sandstones and conglo-
merates with the largest accumulation of clasts from the Stramberk Limestones,
derived from the destructed Bagka cordillera, and the latter by cherty sand-
stones. Pelitic development of the Cenomanian and Turenian has been found
only locally in the envelope of the Stramberk Limestone.

During the Middle Cretaceous (Turonian), sedimentation began at least in a
part of the Subsilesian unit (the oldest beds of the Frydek Formation,
Roth etal 1962} The geosyneline, in which the Magura flysch was deposited,
had probably also heen initiated, because the most recent studies indicate that
the oldest heds of the Solaf IFormation in the Rad¢a unit (lower
varied complex and part of the “Lower Solainn Member”) are of the Turonian
<ate. at the latest (Hanzlikova 1976).

Intensive differentiation of the sedimentary areas took place at the beginning
of the late Senonian (Campanian—Maastrichtian) and continued until the early
Palacocene. In the sedimentary Zdéanice-Subsilesian area the palaeogcographical
conditions were partly responsible for the formation of variegated, predominantly
pelitic facies. The Fr¥dek Formation has an increased silt admixture
in pelites and a higher conlent ot sand in subordinate sandsione beds. Green
calearcous claystones are a component of Mucronata marls and of the TFi-
nec Formation, which also contains purplish-brown calearecus claystones,

The Silesian sedimentary area was supplied with sandy and pebbly material
from the Batka cordillera (Palkovice Formation) and the Silesian cordillera
{Istebna Formation). The lateral variability of the Istebna Formation is due to

the varying content of claystones, into which the sandstone-conglomerate bodies
gradually wedge out in E—W direction (M até&jka 1949).

Aparl of the “Lower Soldii Member” probably belongs to the
Upper Cretaceous sediments of the Raca unit. In the Bystrica units the Upper
Cretaceous sediments have not been evidenced. The Pichov Marls (Campanian—
Maastrichtian) in the mantle of the Hluk Formation in the Bilé Karpaty unit
convinecingly doeument that the sedimentary area of the Bilé Karpaty unit was
connecled with that of the Klippen Belt.

3.2.4 Palaeogene

The autochthonous Palaeogene deposits mainly fill the erosion-tectonic depres-
sions {Nesvacilka and Vranovice troughs}. At the base there are conglomerates
and sandstones and higher up they are followed by claystones and calcareous
claystones. Limestones are subordinate. These sediments are linked up palaecogeo-
graphically with the Pouzdiany unit of the Outer Carpathians on the one hand,
and with the Palaeogene filling of the Alpine foredeep in Austria, on the“other.

Since the Palaecocene. the palacogeographical conditions in the Outer Car-
pathian geosyncline were simplifyving: two fundamental flysch sedvnentary areas
came inlo being, which ‘characterize different developwent of the Central and
Maguara groups.

During the Palaeocene to late Focene {the Submenilitic Form-
alion) the Central group was distinguished by pelitie, subflysch or fine-
rhyvthimical flysch facies, accompanied by subordinate impersistent sandstone-
conglomerate bodies of a small thickness (Ciezkowice Sandstone, sandstone of
Straz type and others). The most marked pelitic development is the facies of
blackish-grey clayslones, predominantly of Palaeocene age. The facies of purplish-
brown claystones, also of clear-cul lithology. constitutes several discontinuous
horizons within the Palaeocene to upper Eocene: it is only in places the pro-
dominant facies of the Submenilitic Formation (part of the Subsilesian unil).
Towards the overlying beds the supply of sandv inaterial in the Submenilitic
Formation gradually disappears, the carbonate content of claystones increases
and the foraminifer plankton exhibits a rich development (Globigerina marl-
stones).

At the beginning of the Palaeocene, the flvseh sedimentation of the Solair
Formalion in the Magura group continued by cumulation of mainly sandy and
conglomerate material (“Upper Solat Member” ol the Raca and Bystrica units;;
during the period of Palaeocene—middie Eocene it was replaced by sedimentation
of the purplish-brown claystones of the Beloveza Formation. The
supply of coarse-sandy material in this unil was limited to the Trnava-Staskov
zone of discrete [acies development (Pesl 1968).
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sandstones and conglomerates in the marginal parts of the Rafa unit {marginal
development) or in the group of inner anticlines (Luhadoevice Member), The
transition of these facies into the Vsetin Metber is indicated by subordinate
layers of arkosic sandstone. This part of the sequence is termed the “Lower
Zlin Member” of the Raéa unit (Matéjka- Roth 1956).

;
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In the Bilé Karpaty unit the facies of the upper Palacogene division cor-
responds to the Zlin Formation. The Palacogene is divided on the basis of the
proportion of calcareous sediments {(claystones and sandstones) into the Hluk
{caleareous) facies and the Vlara facies (with an increased amount of sand-
slones), A lransilional facies developed at the contact of Hluk and Vlara
developments (Buday et al. 1963).

Over the larger area of the Magura group sedimentation came to an end in
the late Kocene. Only in some zones of the Vsetin Member was the presence
of the {lower?)] Oligocene demonstraled.

Most widely developed is Uligocene scdimentalion connccted with the Sub-
menilitic Formation in the Central group. It begins with the deposition of the
Menilitic Formation distributed over the whole area (Menéik 1973); this is
followed by the Krosno Formation (in the Silesian unit; or the
Zdanice-Hustopedle Formation (in SW of the Zdéanice-Subsilesian
unit). In the north-eastern part of the Zdénice-Subsilesian unit (at the foot of the
Beskydy Mts.) sedimentation ends with the Menilitic Formation, but in the
south-western part it continued from the Oligocene to the earliest Miocene
{Egerian).

In contrast to all other units, the Pouzdfany unit does not contain older than
upper Eocene beds; these open the deposition of the Pouzdtany Form-
ation, which continued up to the Egerian. The layers of diatomite at the
boundary between the calcareous and non-calcareous development of the
Pouzdiany Formation can be regarded as a facies equivalent of the cherty beds
in thie Menilitic Formation in the Central group. The Boudky Marls
and Kiepice Formation overlying the Pouzdfany Formation are lithofacies
equivalents of the voungest part of the Zdanice-Hustopede Form-
ation.

3.2.5 Neogene

The Pouzdiany unit is the only flysech unit in which sedimentation continued
into the early Miocene, being represented by the Sakvice Marls (Eggen-
hurgian, Stranik - Moléikova 1980). It is probable that in the Zdénice
unit the Miocene beds {Eggenburgian—OQtinangian--Iarpatian) are separated
from the ynderlving Zdanice-Hustopete Formation by -a slight angular un-
conformity (personal communication, 7. Stranik). The sequence is divided into
the Sakviece Marls (Eggenburgian), Pavlovice Formation
(Ottnangian) and the Laar Formation (Karpatian). These Miocene heds
are proseryl in the Zdénice unit only in small transverse depressions withm the
Hustopetska pahorkatina Upland.

The stralal sequence of the Pouzdfany unit, including the underlying Pouzd#a-
ny Formation, shows a stmilar development as the Oligocene—Miocene filling
of the foredeep on which the Quler Carpathian units are overthrust in southern
Moravia,

In agreement with the decision of the RCMNS {Regional Committee on Me-
diterranean Neogene Stratigraphy, 1975} so-called regional stages are applied to
the chronostratigraphic classification of the West Carpathian Tertiary (.e. the
region of Central Paratethyvs). The application of global classification of the
Upper Tertiary (i.e. the Aquitanian, Burdigalian, Langhian, Serravallian, Tor-
tenian, Messinian, Tabian, Plaisancian and Astian stages) meets with many dif-
liculties. A separate scale has been compiled for the Western and Central Para-
tethys, which would express specific features of the biostratigraphic, palacogeo-
graphic and other developments of this region. The following stages are applied
tthe equivalent stages of the Mediterranean region are given in parentheses, for
details see Tables 3, 4).

Egerian (Chattian—lower Aquilanian)

Eggenburgian {upper Aguitanian—lower Burdigalian)
Otinangian (middle Burdigalian)

Karpatian {upper Burdigalian)

Badenian {Langhian—lower Serravallian)

Sarmatian {upper Serravallian—lower Tortonian)
Pannonian (upper Tortonian)

Pontian (upper Tortonian— Messinian)

Dacian, Rumanian (Tabian, Plaisancian, Astian).

The Eggenburgian beds oceur in the Czechoslovak part of the Vienna basin
above the sequence of the Klippen Belt. They also lie transgressively on the
units of the Magura group.

Lithologically, the Eggenburgian is represented in the older part by conglo-
merates and sandstones (e.g. the Chropov and Dobra Voda types). Glauconitic
sandstones with claystones constitute the older part of the Eggenburgian in the
Luzice—Hodonin arca. Variegated continental to brackish facies of conglomerates
to sandstones are chavacteristic of the base of the Eggenburgian in the neigh-
hourhood of Stefanov—Petrova Ves. 7

The marine Eggenburgian facies is distinguished by a relatively rich forami-
nifer assemblage with Cyclammina praecancellata Volosh, Haplophragmoides
vasiceki vasiceki Cicha et Zapletalova, and by large pectens.

The partly freshened basal facies of the Eggenburgian in lhe environs of Ste-
fanov contain Cibicidoides budayi. The imarine facies is here represented by
Chilostomella ovoidea Rss. and Lenticulina mezneriscae.

The lower part of the LuzZice Formation {(Bathysiphon—Cyclam-
mina schlier} corresponds to the Eggenburgian especially in the area of LuZice.
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In the Vienna basin the following unils are nowadays assigned to the
Ottnangian: the Stefanov Sandstones, the older Miocene of Ledni-
ce type, the Cibicides-elphidium schlier of the Luzice Formation and Robulus
schlier (formerly placed in the Eggenburgian). In the closing phase of the
Ounangian the “fish schliers” were deposited.

One of the significant Ottnangian species (Cibicides-Elphidium schher) is
Sigmoilopsis ottnangensis Cicha, Ctyrok4a. The marine facies contains besides
lenticuline planktonic foraminifers, particularly the species Cassigerinella boude-
censis. In the “fish schlier” representatives of the genus Silicoplacenting have
been found. The maximum thickness of the Ottnangian, which is connected with
the Eggenburgian by gradual transitions, attains in the Vienna basin 300 m.

The oldest facies of the Karpatian are Tynee Sands of the Lak$ar Formation,
the Jablonice Conglomerates being lheir 'marginal facies. The Lak34ar
Formation itself consists predominantly of fine sandy pelites. The younger
Sastin Sands and diatoms-bearing shales form a separate layer. The top layer
of the Karpatian is represented by the Zavod Formation and the Léb ostracode
beds.

As coneerns faunal content, the lypical unit of the Karpatian is the Lak3ar
Formation with extremely rich foraminifer faunas, e.gz. Uvigerina parkeri brevi-
formis. The freshened Karpatian facies are characterized by the genera Candona,
Stenocypris and others.

The nannoplankton of the Karpatian corresponds to the older part of zone
NNA.

The maximum thickness of the Karpatian in the Vienna basin attains 2300 m.
The Karpatian sequences lie transgressively on the Ottnangian. In many areas
of the Vienna basin the lower Badenian usually begins with conglomerates,
sandstones and varied pelites, and its upper part is formed of calcareauns clays.
In the oldest part of the marine substage Moravian the representatives of the
genus Globigerinoides are most abundant. This development is known from the
Malacky area. However, Lhe lower Badenian is distinguished most typically by
the associations of the Lanzendorf horizon with e.g. Lenticulina echinata (d’Orb.)
and Orbulina saturalis Bronniman. In the upward direction the associations
become impoverished. The overlying sequence contains Semivulvulina pectinata
kolmanni Cicha et Zapletalova, and the complex with Belivina dilatata Rss. is
typical of the terminal part of the lower Badenian. Nannoplankton of the lower
Badenian corresponds to zone NN 3.

The total thickness of the lower Badenian does not exceed 500 m.

The middle Badenian-— Wielician consists of the lithologically varied Ziikov
Formation, the Lab “amphistegina” beds and the marine pelites of the
zone with agglutinants. The Zizkov Formalion {gravel, varied pelites of the
Velké Bilovice area, the central foredeep of Moravia) is usually sterile, whereas
the I.ab Formation (sandstones with interbeds of lithotamnion limestone) vielded

some faunal finds. Marine pelites which partly substitute both the varied Zizkov
facies and the Lab Formation contain rich fauna of agglutinants with Pseudo-
triplasia div. sp.

The upper Badenian—Kosovian is best developed in the area of Studienka,
Levare, Zavod and Borsky Jur. Lithologically it is represented chiefly by pelites
of the Bulimina—RBolivina zone and Ammonia zone. The typical plankton species
is Velaoertina div. sp. The sequence passes upwards gradually into impoverished
facies with Ammonia, members of the miliolid family and ostracodes. '

The Sarmatian occurs in marginal and basin facies. The marginal facies are
composed of sands and sandstones, whereas in the basin development pre-
dominate  pelites which in the lower layers are of varied character. The
Samnatian is divided on the basis of the molluscan fauna into Rissoa, Mactra
and Ervilium-bearing beds and impoverished beds, or according to the micro-
fauna {zone of large Elphidia, Zone Elphidium hauerinum-Elphidium antoninum,
and the Zone Porosononion subgranosum). The Sarmatian shows a brachyhaline
development and attains a maximum thickness of 700 m,

The Pannonian is divided into several zones. Zone A represents a zone of
impoverishment and zone B is characterized by Congeria ornitopsis and Mela-
nopsis impresa. 7Zones C and D are difficult to separate; Congeria hoernesi is
frequent in sandy facies and C. partschi in pelitic development. Congeria sub-
glubosa is a significant fossil of zone E. Ostracodes are the most important
representatives of the microfauna. Lithologically, sands and sandy clays pre-
dominate. The first phase of coal-bearing sedimentation falls in zone B. The
Pontian overlying the Pannonian begins with a coal-bearing sequence which
contains Congeria croatica. Higher up there is a complex of variegated clays,
less frequently of gravel (zones G and F). The upper part of the Pontian is
gencrally faunistically barren, only in some layer appear the representatives
of the genus Candona.

The Pliocene complexes correspond to the Dacian and Rumanian stages. In
the Vienna basin thev occur in a gravel and varied clay facies. Tt cannot be
excluded that part of this sequence extends of the lowest Pleistocene.

The maximum thickness of the Pannonian attains 550 m and that of the
Pontian 130 m: the Pliocene has a maximum thickness of 180 m. The Pan-
nonian  to Pontian appear in the oligohaline 16 completely freshened develop-
mert.

In the Carpathian foredeep in Moravia, between Znojmo and Ostrava
(northern boundary) and in the south in front of and partly under the overthrust
units of the Quter Flysch belt, the Egerian in autochthonous position has been
identified in a borehole near Malefovice. Tt is developed in the facies of dark
clavstones with Miogypsina complanata, but its total thickness is unknown.

In Moravia, the Eggenburgian of the Carpathian foredeep has been evidenced
in the Znojmo and Ostrava areas and in the central part of the foredeep. The



developments with the molluscan launa ocenr there predomiantly in sandy
facies and more scarcely in pelitic facies. The marginal development passes
cenlrewards inlo pelites, which are known to occur before and under the froat
of the overthrust Pouzdiany and Zdanice units. It should be emphasized that
a part of the Neogene units arc involved in the front of overthrust flvseh units
on the younger autochthonous Tertiary. The molluscan [auna of the Eggen-
burgian is characterized by Thracia pubescens and Chlamys  [aklowetzigna.
Farther 1o the south in Moravia, the Ottnangian clays and sandy clays were
deposited. Towards the margins of the foredeep in the region of the Bohemian
Massil they pass into fresh-water to brackish sands with lavers of gravel and
varied clays. Within the whole sedimentary area of the Carpathian foredeep
freshening of the basin continued in the upward dircetion and in the uppernost
part Dizehakia sands with Rzehakia socialis were deposited.  These beds are
known in the vicinity of Brno, Marfovice and Raksice. The Otinangian se-
quences are of highly varied facies and in the lower part marine, brackish and
fresh-watcr facies alternate.

The early Miocene, Eggenburgian was also a period of local voleanic activity
the basalt voleanism in the Opava area (Kamenna Hiwka near Otice) and
rhyodacile voleanism in overthrust units in the southern part of the foredeep.
The total thickness of the Lower Miocene does nol exceed 450 .

In the Karpatian the marine transgression in the foredeep expanded greatly.
The sea reached as far as the western marginal part of the foredeep in Poland,
In Moravia. sandy ealcarcous clavs were deposited predominantly and 10 a
lesser extenl sands and sandstones. The fauna is known mainly {rom the clastic
facies with Chiamys macratis. The satdy facies is developed in the south-
western part of the foredeep near Ilevlin, Jaroslavice and Dolni Nétéice. In the
northern part of the foredeep, the lower part of the Karpatiun oceurs in the
grey facies, and the younger one is built up of variegated clayey beds. The
pelitic facies of the Kuarpatian contain rich foraminifer fauna with uvigerins, In
the central part of the foredeep scarce diatomite-bearing heds have been [ound.
The maximum thickness of the Karpatian in the foredeep attains 1200 m.
Sedimentation was interrupted between the Karpatian, which has a transgros-
sive characler, and the younger Badenian.

The transgression of the lower Badenian {Moravian) veached far into the
eastern marginal part of the Bohemian Massif, extending from the area of the
Boskovice Furrow as far as the vicinity of Usti nad Otlici. Part of the Nizky
Jesenik ITills and of the Drahanska vrchovina Upland were washed away. In the
southern part the area of Moravské Budéjovice and Kralice nad Oslavou was
flooded, and in the north the sedimentary basin proceeded into the foredeep in
Poland, the Soviet Union and Rumania, and westwards [rom the Opava area
into the Osoblaha projection. At the base of the lower Badenian gravel and sand
were deposited. In the environs of Beno and Oslavany molluses were rewashed

into basal sunds from the Ottnangian Rzehakia complex. Most widespread in Lhe
lower Badenian are non-sandy calcareous clays (called the “legel facies™), \'t.ary
rich in fauna with the index foraminifer Orbulina suturalis. During sedillncntatmn
of the upper part of the lower Badenian, sands and Lilhothalmn(?u hmcslnfles
were deposited closing the sedimentation in this  stage. The Lllhothammon
limestones are known from the neighbourhood of Zidlochovice, Pratecky kopee
Hill, the Boskowvice Furrow, ete. In the Ostrava area the lower Badenian
is developed in the facics of sandy calcareous elays, the Lithothamnion limestones
arc missing. . ‘

Sedimentation in the Carpathian foredeep between Ostrava and Znojmo—Mi-
kulov ends with lower Badenian.

Te middle Badenian (Wiclician) oceurs only in the area belween Opava and
1luéin. At the base there are pelites consistent with those of the Moravian.
Higher up a gypsum sequence of the sabkba type, 60--70 m in.thickne?ss,
terminates the middle Badeniun sedimentation. The evaporite sedimentation
gradually disappears in the upward direction. The overlying cu}careoyusi clays
abounding in radiolarians and planklonic gastropods of the genus bptrfuevlla
form the hase of the upper Badenian—XKosovian. Higher up the genera Buhmfna
and Bolivina oceur frequently. In the late Badenian the marine sedimentation
was closed in the Opava area. ‘

Voleanism of basaltic type was active in the Opava area {tuffs and tuffites),
and voleanites of a more acid character (rhyodacites} are known from the
overthrust units within the whole Carpathian foredecp (lower Badenian tuffites).
The total thickness of the middle Badenian does not exceed 200 m, and the
maximum thickness of the upper Badenian is 300—350 m.

The limnic complex of varied clays and sands filling the depression zone of
the Upper Morava valley is placed in the stratigraphic range of Dacian——P}u-
manian. The sequence is 200 m thick at the most. The Kobefice Gravelfs with
pebble material from the Culm of the Nizky Jesenik Hills occurring in the
Opava area are conditionally ranged to the Pliocene.









The numbers should be taken with reserve, as by averaging the not very
precise values the errors may increase: Nevertherless, we think it useful Lo
submit these calculations. The predominance of sandstones and siltstonestclay-
stones is expressive, the sandstones prevailing slightly over the lutites.
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4.2 Changes in rate of deposition of the sedimentary cover of the Bohemian Massit.

Thickness (potential) of sediments is plotted on the vertical axis, and the geological history
from Upper Proterozoic in millions of years on the horizontal axis. Slope of curve — rate
of sedimentation. Numerals — sedimentation rate in individaal™stages in em/1000 years.
Average sedimentation rate from the Late Proterozoic to Quaternary is 3.31 cm/1000 years
{Z. Kukal, orig.)

The rate of sedimentation was caleulated from the potential thickness of
sediments of the individual formations and the known time span. To express
the rate of sedimentation, the empiric curves (also called Bubnoff’s curves)
were constructed (the thickness of sediments is plotted on the vertical axis and
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43 Graphie representation of sediment percentage in the formations
of the Bohemian Massif. Only essential sediments are plotted, less fre-
quent and pyroclastic sediments have been omitted {Z. Kukal, orig.)

the duration in millions of vears on the horizontal axis). The slope of the curve
gives Lthe rate of sedimentation. The data on the absolute geological age and
duration of the stratigraphic units are taken from the papers of Cohee et al
(1978 — all units), Jones et al. {1980 — Silurian and Devonian), Churkin
et al. (1977 — Ordovician and Silurian), and Van MHinte (1976 —
Cretaceous).

The empiric curve for the whole sedimentary sequence of the Bohemian
Massif is in Fig. 4.2. The units are taken as wholes even if only a part of some
of them is represented by the sedimentary sequence. The potential thickness of
the entire sedimentary cover of the Bohemian Massif is 33,150 m (without
metamorphites). The average rate of sedimentation from the Late Proterozoic
to the Quaternary is 3.31 em/1000 years. The curve shows a marked fluctuation
of the sedimentation rate. The slow Proterozoic sedimentation is followed by a
prominent acceleration; the increased rate of sedimentation continues in the
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F.he rale of sedimentation. Subsequently to the average rate of 3.0 ¢ni/1000 years
tn the Devonian, in the Early Carboniferous il inecreases eight time;; (27.5 cm./
1()00_}'ears}. During the Late Carboniferous the sedimentation rate slows dﬂWI’l
but still remains high enough. An opposite marked change occurs at the onset of
Mesozoic. During the Triassic the rate of sedinentation drops to a minimum
value (o speed up somewhat in the Jurassic and Crelaccous. In the Tertiary
sedimentation slows down agein. ' .

The data from the Precambrian cannot be taken very seriously as the thick-
nesses and siratigraphic assignment of the units are uncertain. It cannot thus be
expected that the Precamnbrian orogenies will be expressed in the cmpiric curve
The post~o.r0genic sedimentation, however, shows an increased rate dircctly il;
the Cambr}an and reasonably slows down in the mid-Palaeozoic to increasde in
the Devonian simultaneously with the initial phases of the Hercynian orogeny.

The orogenic and late-orogenic sediments of the Lower and Upper Carbonilerous
and the Permian are deposited at an unusually high rate, The break at the
Palacozoic/Mesozoic boundary implies a transition to the platform development
stage. which with its low sedimentation rate persists until the (Quaternary. As
scen in histogram in Fig. 4.4 the Palaeozoic is at the head, as concerns the
sedimentation rate, heing followed by the Mesozoic and Tertiary. As mentioned
above, the low valucs in the Proterozoic are not very reliable. The second histo-
gram (Fig. 4.4) shows the course of the sedimentation rate during the Palaeozoic,
above all the drop of the rate between the Cambrian post-orogenic sedimentation
and the Silurian and a new revival of sedimentation in the Devonian. The
roversal between the Devonian and Early Carbonilerous sedimentation rate is
here well defined. The comparison of our compulations with the relevant data
from other basins {(e.g. Spencer 1974, Ronov et al 1976, Sehwab
19767 has shown that the Palaeozoic average corresponds to preorogenic and
svnorogenic sedimentation, the Upper Palaeozoic average to postorogenic {or
late orogenic) sedimentation. As a whole, the Bohemian Massif with its average
sedimentation rate approaches rather Lo geosynelines than platforms. The dia-
gram alse reveals that the continuous carbonate series of greal thickness exhibit
unusually steady rates of sedimentation (from 3.5 to 5.0 em/ 1000 vears) and the
Palacozoic argillaceous sediments very low values (1.2—1.5 ein/1000 years).

4.2 Sedimentary environment

The sedimentary environments of the deposits of most stratigraphie units of the
Boliemian Massil are known, although they have heen reconstructed in different
delails and using different methods. The history of the enviromments andl
particularly their sudden changes are coutrolled by tectonic movements. To
illustrate Lhe developmenl of the environment of the Bohemian Massil. «
standard environment servies has been used as is usuallv applied 1o ancient
sediments {eg. Kukal 1971h, Selley 1976, NRea ding 19781 The
development of the environment is depicted in Tab. %1. In the Proterozoic
deep-sea sedimentation predominated; it may have oceurred in inland or
marginal seas with a diversified rclief of the sea-floor. Sedimentary series were
partly deposited also in shallow-water, or littoral and supralittoral environments,
as evidenced by the occurrences of stromatolites. In the carly Cambrian.
continental sedimentation ook place in intramontane depressions with alluvial
fans, which passed into alluvial plains and lakes. The Middle Cambrian mariue
sedimenlation compares Lo rather deep marginal or inland seas, in places with
a rather strong relief of the sea-floor. The late Cambrian sedimentation return-
ed into minor intramontane basins with alluvial [ans and intermillent streiuns
al the margins and a lake in the interior. Ordovician gsediments are typical

[



Table 4.1

Evolution of sedimentary environments in the Bohemian Massif,
Heavy lines in systems denote the range of environment. Black
wedges on the right — abrupt and great changes in sedimentary
environments (Z. Kukal, orig.}
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deposits of a broad zone of a shallow and medium-deep sea. The shallow-water
environments extended as far as the intertidal zone, bays were numerous, and
deltaic sedimentation was intensive. Shallow-water sedimentation also prevailed
in the Silurian. Typical graptolitic shales are deposits of large bays or inland
seas of smaller depths. The carbonate environments of the Upper Silurian were
highly differentiated, ranging from biostromes in very shallow walers to
basins attwining depths of up to several hundreds of metres. The
Devonian in the Moravo-Silesian region began with alluvial sedimentation. Above
the clastic deposits an extremely thick limestone complex was laid down, repre-
senting a shallow-water carbonate platform sloping into shallow-sea carbonate
basins. The Devonian clayey shales sedimented in a somewhat deeper environ-
ment of marginal seas, In the latest Devonian the basin deepened at the site of
deposition of the flysch (Andé#lskd hora Formation). A strongly differentiated
basin with troughs and shallower areas came into being. In the Early Carboni-
ferous sedimentation continues on the carbonate platform in places but the
greater part of the space is occupied by a deeper basin with flysch sedimentation,
However, shallow bays and plateaus also developed and local transitions to
continental environments probably existed. The transition to Upper Carboni-

Table 4.2

Maximum depths of basins in lhe sedimentary history of the
Bohemian Massif. They are shown by line segments and not by
points. because reconstruction, especially for great depths, is uncer-
tain {Z. Kukal, orig.)
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ferous paralic coal basins in the Ostrava area was slow. The sea became shal-
Jower changing gradually into shallow bays and lagoons, which alternated with
wide coastal plains. Marine environments vanished and continental sedimentation
of alluvial-lacustrine type was developing. Limnic sedimentary basins in the
Permo-Carboniferous were filled with sediments of continental origin. Generally
the sequence of alluvial fan — river channel — floodplain — lake has been
reconstrucled. Also eolian sediments — sands and loess have been described. In
the Triassic the Permo-Carboniferous sedimentation type continued. The Jurassic
sedimentation took place predominantly in the shallowest sea, on a carbonate
platform with lagoons and bicherms. The eastern margin of the Bohemian
Massif deepened into a somewhat deeper basinal environment. Continental fresh-
water Cenomanian sediments are deposits of lakes and streams. Alluvial fans
extended from the elevated position into depressions. The marine Cretaceous
sedimentation represents a set of shallow-water environments, ranging from the
prograding sandy shoreline through shallow-water flats with bars, barriers and
sand waves up to shallow basins with clayey and marly floors. Continental
sedimentation in the Tertiary occurred predominantly in a lacustrine environment.
The products of neighbouring fluvial environment and minor alluvial fans are
also partly preserved. Lacustrine-deltaic sedimentation was marked.



The most prominent break in the development of sedimentary enviromments
occurred at the Proterozoic—Palaeozoic boundary; a minor one fell to the midst
of the Late Carboniferous (approximately near the Westphalian—Stephanian
boundary}, another one between the Triassic and Jurassie and another between
the Cretaccous and Tertiary. The picture is complemented by symbols showing
maximum deplhs of the basins (Fab, 4.2). The values are only broad estimates,
especially for deep-water deposits. For this very reason the maximum depths
are shown by line segments and not by points. The maximum depths should
have been attained duving the Proterozoic and Early Carboniferous sedi-
mentation, when depths ol up 1o several thousands of metres may be expected.
During the Palaeozoic, from the Cambrian to Devonian, sedimentation occurred
in basins with monotonous clayey sedimentation at depths of several hundreds,
possibly even thousands of metres. For Mesozoic marine sedimentation only the
shallowest environments could be determined.

4.3 Palaeoclimate

The palacoclimatic history of the Bohernian Massif region has been reconstructed
on the basis of the composition of sediments. The data have been checked
against the palaeomagnetic reconstructions of palaeo-poles and palaeo-equators
for different stratigraphic units (mainly Mc¢Elhinny 1975 and Morel -
-Irving 1978).

Our model is based on the assumption that the climatic zonation of the Earth
did not change essentially during the geological history. It is plausible that the
zones were periodically expanded and compressed (e.g. the polar zone in glacial
periods or subtropical arid zones). In our reconstruction we used the following
eriteria:

1. The presence of so-called palaeoclimaiic indicators such as coal, evaporites,
bioherms. aggregale luneslones, stromatolites;

2. The presence of desert sand and eolian dust {in the form of palaeoloess or
as an admixture in limestones);

3. The existence of abundant alluvial fans of great thickness, which are typical
of semiarid climate;

4. The presence of red beds. The primary red beds indicate alternation of the

tropical humid and tropical aecid climate.

The type of weathering residues. Unfortunately, although very abundant in

the Bohemian Massil, the interval of their formation might have heen very

long. Moreover, red lateritic and kaolinitic weathering products can develop

within a broad range of climate.

6. The composition of clastic sediments, chiefly their mineral and chemical
maturily, Mature scdiments are supplied with detritus from the source areas

_CJI

where humid climate prevails. The effect of climate may be effaced by a
rapid erosion induced by greater differences in the relief. A mixture of
weathered and fresh unstable components is regarded as one of the proofs
of semiarid cliimate.

7. The presence of deltaic sediments. Perennial streams and major deltas
indicate humid climate.
Table 4.3

Pulacoclimatic history of the Bohemiun Massif. Palaeoclimate is re-
constructed from the character of sediments and weathered materials
(7. Kukal, orig.). Teclofacies in the sedimentary history of the Hou-
hem:an Massif (£. Kukal, orig.)
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Uur reconstruction of the palaeoclimatic history is in Tab. 4.3. We are well
aware that the climatic conditions changed very rapidiy during the geologiral
Listory and therefore only average palaeoclimale patterns for individual periods
have been reconstructed. During one period arid climate may have alternated
with the humid one many times.

The reconstruction of the Proterozoic climate is the most difficult. During this
long period the Bohemian Massif may have passed through several climatic
zoncs. Iminature sediments would aitest rather to less intensive weathering in
a moderate zone. The presence of glacial sediments not far from the Bohemian



The most prominent break in the development of sedinentary environments
oceurred at the Proterozoic—Palacozoic boundary; a minor one fell to the midsy
of the Late Carbonilerous (approximately near the Westphalian—Stephanian
boundary}, another one between the Triassic and Jurassic and another between
the Cretaceous and Tertiary. The picture is complemented by symbols showing
maximum depths of the basins {Tab. 4.2). The values are only broad estimatcs,
especially for deep-water deposits. For this very reason the maximum depths
are shown by line segments and not by points. The maximum depths should
have been atlained during the Proterozoic and Karly Carboniferous sedi-
mentation. when depths of up 1o several thousands of metres may be expected.
During the Palaeozoie, rom the Cambrian to Devonian, sedimentation occurred
in basins with monotonous clavey sedimentation at depths of several hundreds.
possibly even thousands of metres. For Mesozolc marine sedimentation only the
shallowest environments could be determined.

4.3 Palaeoclimate

The palacoclimatic history of the Bohemian Massif region has been reconstructed
on the basis of the composilion of sediments. The data have been checked
agaimst the palacomagnetic reconstructions of palaeo-poles and palaeo-equators
for different stratigraphic units {mainly Mec¢Elhinny 1975 and Morel -
-Irving 1978).

Our model is based on the assumption that the climatic zonation of the Earth
did not change essentially during the geological history. It is plausible that the
zones were periodically expanded and compressed (e.g. the polar zone in glacial
periods or subtropical arid zones). In our reconstruction we used the following
criteria;

1. The presence of so-called palaeoclimatic indicators such as coal, evaporites,
biolierms, aggregate limestones, stromatolites;

2. The presence of desert sand and eolian dust (in the form of palaeoloess or
as an admixture in luneslones);

3. The existence of abundant alluvial fans of great thickness, which are typical
of semiarid climate;

4. The presence of red beds, The primary red beds indicate aliernation ol the

tropical humid and tropical aeid climate.

The type of weathering residues. Unfortunately, although very abundant in

the Bohemian Massil, the interval of iheir formation might have been very

long. Moreover, red lateritic and kaolinitic weathering products ean develop

within a broad range of climate.

6. The composition of clastic sediments, chiefly their miucral and chemical
maturily. Mature sediments are supplied with detritus from the source areas
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where humid climate prevails. The effect of climate may be effaced by a
rapid erosion induced by greater differences in the reliel. A mixture of
weathered and fresh unstable components is regarded as one of the proofs
of semiarid climate.

7. The presence of deltaic sediments. Perennial streams and major deltas
indicale humid climate.
Table 4.3

Palaenclimatic history of the Bohemian Massif. Palaeoclimate is re-
constructed from the character of sediments and weathered materials
(Z. Kukal, orig.). Tectofacies in the sedimentarv history of the Bo-
hemian Massif (4. Kukal. orig.)
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Our reconstruction of the palaeoclimatic history is in Tab. 4.3. We are well
aware that the climatic conditions changed very rapidly during the geological
history and therefore only average palaeoclimate patterns for individual periods
have been reconstructed. During one period arid climate may have alternated
with the humid one many times,

The reconstruction of the Proterozoic climate is the most difficult. During this
long period the Bohemian Massif may have passed through several climatic
zones. Immature sediments would attest rather to less intensive weathering in
a moderate zone. The presence of glacial sediments not far from the Bohemian



Massif mav imply the proximity of the polar zone, but on the other hand,
stromatolites point to a subtropical or tropical climate. The reconstruction of
the Cambrian climate lies on a more solid basis. The Lower Cambrian residual
gravel and the mixture of ultrastable and unstable detritus is suggestive of
serniarid climate. The presence of red beds is also indicative of warmer climate,
both humid and arid. Similar conditiens continued in the Ordovician. The Bo-
hemian Massif occurred in the temperate zone, as is evidenced by intensive
weathering of detritus and the presence of red beds. It is very likely that the
Massif was moving alternately towards subtropical and polar latitudes. In the
latest Ordovician there appear evidences of a warmer climate (increased
production of biogenic limestones) and even of aridity (bimodal sandstones cf
the Kosov Formation). It can be presumed that the Bohemian Massif passed
through the subtropical arid zone on its travel to the Silurian tropical latitudes.
In the Silurian the sedimentation occurred in warm seas at the boundary between
the tropical and subiropical zone. Clastic maierial was supermature and a rich
association of benthic faunas, including biostromes developed. In the Devonian
reefs, eolian dust and red limestones suggest sedimentation in the tropical zone
and/or subtropical arid zone. The conditions may have changed frequently.
Similar sedimentation persisted into the Early Carboniferous, but at that ti.ll;e
cooling and aridization of the climate began (probably due to the uplift of the
source area to great heights during Variscan orvogeny). The paralic Upper
Carboniferous is a product of iropical humid climate. During the latest
Carboniferous and in the Permian the tropical humid conditions changed many
Fimes into subtropical arid and vice versa. Permian arid sedimentation continued
into the Triassic. In the Jurassic subtropical humid and partly also arid subtropical
predominated. Products of intensive weathering provide evidence of subtropical
%m‘mid climate in the Cretaceous. The Bohemian Massif migrated still farther
fnto the temperale zone, but weathering oceurred in the subtropical zones even
in the Tertiary. The conditions approached those of the Quaternary, when the

Boliemian Massif was situated at the boundary between the temperate and
polar zone,

4.4 Tectofacies

The 1ectofacies of the Bohemian Massil are reconsiructed on the basis of the
associations of sediments. Their history is depicted in Tab. 4.1. The term shelf
is used here only in the tectonic and not morphological sense.

The Proterozoic rock associations are definitely eugeosynclinal and miogeo-
synclinal. The assignment of the Cambrian is rather uncertain. According to
the mature quartzose sedimenis it would belong to the shelf, but the great
thickness of the complex is suggestive of unstable shelf 1o intracralonic hasin,

The Ordovician—Silurian—Devonian associalions occupy a broad range from
the stable shelf to miogeosyncline. The Lower Carboniferous is evidently of
eugeosynclinal character, whereas the Upper Carboniferous and Permian are
to be ranged 1o the unstable shelf and intracratonic basin. From the Jurassic on
the ussociations are typical of a stable shelf. Only on account of great thickness
of sediments the Mesozoic and Tertiary complexes are partly assigned to the
unstable shelf. From the above survey it follows that in the Bohemian Massif
there are two typical geosynclinal tectofacies, i.e. Proterozoic and Lower Carbaoni-
ferous complexes. Opposite are Lypical stable shelf sediments of the Mesozoie,
beginning with the Jurassic. The transitional Upper Carboniferous to Triassic
stands between unstable shelf and intracratonic basin. The associations of the
Lower Palaeozoic, however, are so diverse as concerns the standard tectofacies
that from some viewpoints they are geosynclinal, and intracratonic and of shelf
nature from others.

4.5 The development of conglomerates,

sandstones and clayey sediments

Conglomerates

Conglomerates ol the Bohemian Massif are very variable. The development of
their composition is shown in Fig. 4.6, where the values of S/N ratio (1.e.
percentage of slable pebbles to that of unstable pebbles}, are plotted on the
hovizontal axis. This ratio indicates the maturity of conglomerates, which implies
the degreo of weathering in the source area, the length of tramsport, and re-
working. Disregarding the special position of basal conglomerates, the trend of
the curve indicates that the conglomerates are of several types. The Proterozoic
and Culm conglomeratcs are least mature, the Cambrian, Cretaceous, Teriiary
and, surprisingly enough, also the Upper Carboniferous conglomerates from the
Ostrava bLasin are the miost mature. Ordovician eonglomerates and Permo-
Carboniferous lacusirine conglomerates occupy a transitonal position. From the
shape ol the curve it is evideni that in the BBohemian Massif the conglomerales
do not show n clear-cut trend from the Proterozoic to the Quaternary. They
rather Fall into several minor units, in which a gradual change and maturation
of pebble material is observable. The first sequence involves ithe Proterozoic—
Carabrian. the sceond the Culm—Upper Carboniferous, and the third the Permo-
Carboniferous—Triassic —Jurassic— Cretaceous. From the position of the Quater-
nary it appears that a new cyele [rom immature 1o mature conglomerates
begins. The right-hand column in Fig. 4.6 complements this pattern. The stable
material is divided into quarlz pebbles (K) and pebbles of stable rocks (5). Peb-












towards the predominance of potassium feldspars has been established in the
Upper Carboniferous and the K/P values atlain their maximum throughout the
Mesozoic. Granitoids and possibly orthogneisses are thought to he the main
source of potassium feldspars, The N/Z curve, however, speaks for the inter-
pretation of this high ratio in terms of the deficiency of feldspathic source
rocks. According to K/P curve they began to be of greater extent as late as the
Late Carboniferous. It is possible thai the weathering processes also played a
certain role because, as is well known, the unstable rock fragments (clayey
shales, phyliiles, aphanites, etc.) weather more readily than feldspars. During
the Late Carboniferous and throughout the Mesozoic the weathering was doubt-
less of high intensity and consequently the enrichment with feldspar detritus may
have occurred directly in the source area.

The development of sandstone composition is also illusirated in the triangle in
Fig. 4.9. Average sandstones from all systems are plotted and the sequence is
shown by an arrow. This curve also consists of two parls. The development
from the Proterozoic to the Devonian, characlerized by the increase in quartz
and feldspar amounts to the detriment of rock fragments was interrupted at the
beginning of the Early Carboniferous and the curve returns almost to the start-
ing point. The development from the Early Carboniferous to the Mesozoic and
Tertiary was analogous, with increasing amount of quartz-feldspar detritus. The
development in the Mesozoiec and Terliary, however, is shifted considerably to
the feldspar inaximum.

Clayev sediments

Chemical composition of clayey sediments is a very sensitive indicator of
sedimentary conditions. Therefore, in the Bohemian Massif the vertical variability
of characteristic parameters has been studied (see Fig. 4.12). The curve of
Si0,/ALO; ratio should indicate the percentage of coarser fractions, and pos-
sibly the admixture of authigenic quartz. Except for a great anomaly in the
Silurian. a moderate decrease in the values is observable from the Proterozoic
to the Tertiary. Of primary importance is the AlLO3;/Na,O ratio, which defines
the chemical maturity of sediments. The value of 15 is usually considered to
be the boundary between mature and immature claystones. The curve far the
clavetones studied rises from very low wvalues in the Proterozoic to the
Ordovician, dropping after a “Silurian anomaly” to very low values. Immature
claystones sedimented still in the Devonian in the Prague basin. In contrass,
almost supermalure rocks sedimented in the Late Devonian ol the Moravian
region. The decrease of the values in the Early Carboniferous can be expectesd.
Kukal {1980 explains it by a change in the relief configuration and a supply
of a large amount of immalure detritus on the one hand, and by the climatic
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change, on the other. From the Early Carbonilerous, clavey sediments of
progressive maturity appeared, the Al,03;/Na,O ratio attaining unusually high
values in the Tertiary. The oscillations deseribed by Sko ek (1974) from the
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orig.)

limnie Permo-Carbonilerous, due to differences between the claystones of red
and grey complexes, are not plotted on the curve.

The curve of Na,OU/K,0 ralic also reflects the development of maturity. The
value of the ratio decrcases with the increase in chemical maturity. In Fig. 4.12
(third curve from the left) the curve shows more irregularities than the previous
curve. In the Proterozoic the values approach to 1.0, they decrease to the
Cambrian and Middle Ovdovician, to rise abruptly from the Upper Ordovician
to Silurian (in the Silurian there is the greatest anomaly in the entire sequence;.
Until the Devonian the values rapidly decrease Lo a minimwum. The increase
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52 Principal plutonic bodies of the Bohemian Massif (J. Klominsky, A. Dudek 1978)
1 — Bohemian Massif; 2 — pre-Hercynian plutonic rocks; 3 — Hercynian plutonie rocks;
4 — cover of the Bohemian Massif

— plutonites associated with Hercynian orogeny
— plutonites in Tertiary voleanic areas.

2.1.1 Metaplutonites of uncertain age

In the metamorphic units of the Bohemian Massif there oceur orthogneiss
bodies which evidently or with great probability formed by metamorphism of
granitoid plutonites. Complexes of advanced migmatites of “orthogneiss™ ap-
pearance arc not classed with this group. This relates e.g. 1o most of the Gfshl
Gneisses of the Moldanubicum (they are a product of several genetie processes ——
Dudek - Matéjovsk4a - Suk 1974, usually of recrystallization of gra-
nulitic rocks — Matéjovska 1967), to the migmatized complexes of the
Moravo-Silesicum {Keprnik “orthogneiss” — Misa ¥ 1960), Desna Orthogneiss,

and Bechyné¢ Orthogneiss (Fediuk 1977). These rocks are not normal strati-
graphic members of melamorphosed units but they are associated with faults
(indicated also by the presence of ultrabasites), which facilitated the supply of
heat and the origin of ultrametamorphic processes. This concept based on the
investigation of the Bechyné “orthogneiss” (Fediuk 1977) can be also applied
to the Blanik orthogneiss and possibly to pegmatoid orthogneiss near Pfibyslay
vice S of Caslav. Bodies of these “orthogneiss” are located on ancient N—S and
E—W trending faults,

True orthogneisses are represented by the so-called Kru$né hory red
orlthogneisses, the Jizerské hory and Krkonose ortho-
gneisscs of the West Sudetic ervstalline complex and the Bitei(Gneiss
in the Moravicum,

The red orthogncisses are metagranites, in places with preserved
porphyrilic texture, in places with relics ol contact metamorphism in the mantle
(Seheumann 1932). They occur in an antiform of E—\V strike, which
trends diagonally to the younger structural direction of the Krudné hory region.
They originated most probably during Upper Proterozoic folding, but they are
somewhat older than the Cadomian granites.

The orthogneisses of the Jizerské hory and Krkonode,
also associated with the Cadomian orogeny, were probably partly produced
by regional metamorphism of the Rumburk granite. Their genesis, however, has
not heen clarified eonvineingly, some authors ascribe Caledonian age to their
metamorphism, These orthogneisses are also located in an E—W trending anti-
form. Interpretation of the orlhogneisses in the Orlické hory-Klodzko Dome as
metagranitoids 1s questionable.

The Bite§ Orthogneiss (inuscovite biotite metagranitoid with augen
structure) is the most significant member of the Moravicum sequence and a
component of both the Dyje and Svratka Domes. Although ihe course of the
body is highly diversified, it clearly follows a major NNE—SSW fault, which
exlends from the Danube up te the northern end of the Svratka dome over a
length of almost 130 km. The Bites Orthogneiss is prevalently thought to have
been intruded between the Vranov-Olesnice Group and the Bily potok Group
(MisaF 1961, Dudek 1962, Jaro& - Misaf 1976}, With regard to the
stratigraphic posilion of these units, the orthogneiss was dated as Cadomian with
greal probability, but the recent radiometrie Bh/Sr measurement has given an
age of almost 300 Ma (Scharbert 1977).

Commen fealures of the metaplutonites of the Bohemian Massif cryvstalline
units are their connection with ancient structural F—\Y and N—S8 directions,
a prominent granliie chemistry with a little increased  sodivm content. and
pronounced leucocratic character of all types.



5.1.2 Plutonites associated with Cadomian orogeny

The existence of exiensive Cadomian plutonisin in the Bohemian Massil was
controversial for a long time because there is no direct geological evidence for
the age of most of the bodies, and the time of their origin can he inferred only
from broad circumsianiial evidence. However, recent detailed vesearch and
radiometric measurements have brought unambiguous proofs of at least Ca-
domian age for a number of bodies. According to assembled data and spatial
analysis (Dudek - Melkova 1975, Klominsky - Dudek 1978). the
Cadomian plutonites are mostly confined to the structural units characterized
by lower-grade metamorphism, absence of Hercyman plutonism, a smaller thick-
ness of the crust (Beranck - Dudek 1972, Berdanek et al. 1973) and
positive gravity anomalics.

The Cadomian plutonites are located mainly in the Tepla-Barrandian block,
the Zelezné hory region, the West Sudetic region, and the southern part of the
Moravo-Silesian region. The following massifs can be justifiably considered as

Cadomian units (Fig. 5.2):

a) some massils connecled with the West Bohemian fault zone
h} massifs in the Tepla anticlinorium and voleanic zones of the Tepla-Bar-

randian block
¢} some massils in the Zelezné hory region
d) the Lusatian massil and some minor massifs of the Orlické hory Mis. in the
West Sudetes
¢) Brno pluton and other bodies in the basement of the Carpathian foredeep
and flyseh nappes.

4l Basic bodiecs along the West Bohemian fault zone
constitute a separate group of Cadomian magmatites. From NNW 1o SSF. there
ocenr minor basic massifls near Tepla, Muténin, Nadetin and the large Pobtio-
viee and Kdvnd massifs. The massifs are connected with voleanic zones of the
Barrandian Upper Prolerozoic and the largest volcano-plulonic basic complexes
— the Maridnské Laznn and Kdyng massils — are emplaced at the intersection
of the deep Ohte and Central Bohemian fault zones with the West Bohemian
fault zone. The Marianské Liazn® complex consists almost exelusively of neta-
voleanies, whereas voleano-plutonic and plutonic complexes are represented in
the more southerly massifs. The Muténin and Natetin bodies show a ring
structire (Vejnar 1975, Tonika 1978) and were intruded only alter the
main phase of Cadomian regional metamorphism. The Pohtzoviee massif also
displays a complex zonal strncture. All the massils contain o broad pattern of
Lasic rocks, involving olivine gubbronorites, gabbros. olivine gabbros. hornblende

gabbros 1o dioriles.

In the zone of the Bohemian Quartz Lode there are also small ultrabasite
bodies (Vejnar 1966h) which can be ranged to the Cadomian SYNOTogenic
plutonism only with reservation, as they may be older.

The group of Cadomian granitoids comprises the Lestkov massif (biotite
granodiorite to quarlz diorite), the Hanov massif (granite, granodiorite) and the
Mradnice-Jenikovice massif NW of Domazlice {(muscovite-biotite granite}. Al-
though these bodies are connceted with the West Bohemian fault zone, thewr
intrusive form is markedly influenced by the strueture of the Proterozoic: the
bodies are greatly elongated in SW—NE direction, parallel to the trend of the
Tepla anticlinoriwm. The Cadomian age of these bodies is very probable but has
nol been as yet evidenced radiometrically. Some rock types of the Bor missif
are demonstrably of Cadomian provenience (356 Ma), and the Stod massif as
well (310—3530 Ma, Smejkal-Vejnar 1965). The latter body is situated
a little off the West Bohemian faull zone and is composed of hornblende-biotite
quartz diorite and biotite-leucogranite (Tonika- Vejnar 1966).

b) Tn the north-western part of the Tepla-Barrandian
blo ck (showing positive gravity anomalies) there are granodiorite bodies near
Polom and graniteid bodies, most of them buried by platform sediments. Minor
basic bodies are closely related to the Proterozoic volcanic zones. Their struclure
is controlled by the structure of Proterozoic complexes and thus most massifs
are elongaled in SW—XNE up 1o W—E direction {Chaloupsky tn Mal-
kovsky et al. 1974). The Cadomnian age has nol been evidenced by radio-
mctric measurements for the large Louny massif formed of the Tis biotite
granite, but it has been conclusively proved for the highly variable Neratovice
massif (335—573 Ma) and the little massif near Bechlin buill up of granite ani
pyroxenc diorite (350 Ma, Chab 1975).

¢/ In the basement of the Cretaceous Basin the structural di-
rections indicated by the shape of Cadomian plutons turn from SW—NE 1o
W—T and even NW—5E: the latter trend is well seen on the structural position
of the Chvalelice granile massil in the Zelezné hory Hills and of the gabbro
hody near T¥nee nad Labem. The Zelezné hory lault and its interscction with
the Pribyslav fault zone of N—S sirike was the site of the intrusion of Vieradov
granite of the Zelezné hory pluton (Vacht!l 1973} and of the complex gabhro-
peridotite Ransko massif (Misai et al. 1974), composed of serpentinized dunite,
troctolile, olivine gabbro, gabbro, hornblende gabbro and anerthesite.

d) The most significant Cadomian ploton in the West Sudetes is the Tou-
satian massif, the major part ol which is situated outside Boliemia.
It 1s formed of a number of rock types of Cadomian age and additionally also of
vounger Herevnian “Stockgranits”. The complex comprises biolite granodiorite
(Lusatian granodiorite), muscovite-biotite (hybrid) granodiorite, and the Rumburk
granite, which grades into the Jizerské hory orthogneiss in the E. The Cadomian
age of the predominant part of the massil was proved for both the Rumburk



granite (finds of pebbles in the Ordovictan — Chaloups kv 1962) and the
Lusatian granodiorite (radiometric age of 360—570 Ma, Haa ke 1973).

In the Orlické hory-Klodzko Dome, the pre-Hercynian plutonites are probably

the Novy¥ llradek albite-granodiorite massif, gabbre body at Spi¢ak, and grano-
diorites to tonaliles on the southern and eastern sides of the Dome, in the Zabieh
Group and the Staré Mosto mica-schists belt. The age of these rocks 1s uncertain;
they have been regarded as Caledonian or early Hercyvnian intrusives.
e) The largest Cadomian body in the study arca is the Brno pluton
550—600 Ma, Dudek - Melkova 1973; 58 Ma, U-Ph, van Bree-
men et al. 1982). Besides the oulerops in the Brno massif itsell and in the
Dyvje and Svratka massifs, it extends [ar castwards in the basement of the
foredeep and flysch nappes. Minor bodics oceurring in the zone of the Upper
Morava depression and north of it probably are connected with the Brno pluton
at depth under the erystalline mantle, The pluton consists of a number of petro-
graphical types ranging from basic 1o acid rocks (Stelel 1963, Stelel et
al. 1973, 1976). Acid leucogranites to leucogranodiorites are more frequent in
the granite massil bencath the Upper Morava depression NE of Prostéjov (age
of 470—340 Ma, Némeova 1964,

[n the fault zone of the Upper Morava depression. gabbro with uliramafie
pyroxenite and peridotite layers has been located in the Vlkos-1 borehole and
gabbronorite in borings at Rusava. Tn the Brno pluton, besides the basic zone
of the Brno massif, diorile has been identified in the Musov body und in a
small massif near Drazovice. The biotite-horablende granediorite to tonalile
forming an exlensive buried body of E—W trend in the Zdanicky les arca is of
a somewhat more acid nature. A substantially larger area 1s occupied by the
biotite-hornblende leucotonalites of the Blansko and Slavkov Lyvpes, biotile
leucogranodiorites, and light-coloured granite building up the southerly part ol
the pluton at the Czechoslovak Austrian boundary. The biotite leucogranite of
a minor massif near Lubna is of a special tvpe. The distribution of individual
tvpes has been studied on the basis of numerous horings and geophysical data
(Dudek 1980). It is evident that the E—W and N—5 directions played
important role in the localization of intrusions and limitation of the hodies. The
NW_—SE strikes (the zone of Upper Morava depression, structures of Nesvadilka
and Yranovice troughs) are later and disturb the plulon structure.

Besides a special structural geological position. the Cadomian plutonites show
other characteristic features. The analysis of chemistey of the whole series and
especially its comparison with chemistry of the Hereynian plutonites have reveal-
e a sodium flavour of the Cadomian granitoids and some basie bodies (1) u -
dek - Klominsky 1978, and a distinet leucocratic nature of granodioriic
and tonalite types, in pariicular (D udek 1977, 1950).

5.1.3 Hercynian plutonism and its relation to tectonics

The Hercynian plutonites are the most widespread magmatites in the Bohemian
Massif. They make up large plutons in its nucleus and marginal parts, consolidat-
ing and cementing this structural unit, which after the Hercynian orogeny had
assumed a markedly stabilized characier. The occurrence of superficial plutonic
bodies of Hercynian age is shown in Fig. 5.2; at no great depth, however, they
are of a much greater extent, underlving the crystalline complex over vast
areas, especially in the Krugné hory Mts. (T'ischendor{ et al. 1965) and in
the Moldanubicum of southern Bohemia (Dudek - Suk 1965, Mottio-
va - Suk 1970). According to radiometric (mainly K/Ar) age data the Her-
cynian granitoids have been divided into three groups (Bernard-Klomin-
sky 1975). Tonalites and related rocks are the oldest {about 360 million
vears). The durbachitic rocks (age of about 360—400 million vears) also belong
in this group. Granites of the marginal parts of the massif are younger (about
300 million years) and the group of tin-bearing granites of the Krusné hory Mis.
are the youngest (about 260 million vears}.

On the basis of mineral and chemical composition, geological habit, spatial
distribution and structural position, the following groups of Hercynian plutonites
can be differentiated in the Bohemian Massif (Bernard - Dudek 1967,
Sattran-Klominsky 1970, Klominsk¥ - Dudek 1978):
group of granites
group of granodioriles
group of tonalites
group of dioriles to gabbros
group of durbachites
alkaline plutonites.
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a) Granites, mainly muscovite-biotite or biotite granite types, very often
porphyritic, are the most widespread rocks of the Bohemian Massif. They occur
chiefly in the Kruiné hory and Sumava mountain ranges and in the Cesko-
moravska vrehovina Highland. They were intruded predominantly from the late
Viséan to early Westphalian. A characteristic member of the granite series is
the group of younger autometamorphosed granites enriched in Na, Li and other
elements, with which the vein and greisen Sn-W mineralization is associated.
Tin-bearing granites had developed mainly in the Kruiné hory block (the
Kru$né hory and Slavkovsky les Mis.); in the areas of the Sumava and Cesko-
moravskd vrehovina only initial stages of autometamorphism are present.
The muscovite-biotite granites penetrate from the E into the northern parl of
the Central Bohemian Pluton, forming there the so-called Ri¢any type. Similar
rocks underlie the Permo-Carboniferous of Cesky Brod and are presumed Lo
extend as far as Kolin in the basement of the Kutna Hora crystalline complex
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(O rel 1975). Hercynian granitoids of a small extent oceur in the northern part
of the Zelezné hory pluton, form several bodies beneath the Cretaceous and
particularly the large Krkonose-Jizerské hory pluton (Klominsky 1969).
They also constitute the Zulovd massil and the small Sumperk wnassif in the
Moravo-Silesian region.

b) The group of granodiorites synchronous wilh graniles is much
smaller. They are predominantly biotitic, with a small amount of hornblende 1n
some varielics. They usually occur together with granites. building separate
massils (minor stocks) only in the Tepla-Barrandian block. such as the Cista
massif (Klominsky 1963) and a major part of the Kladruby massif Ne-
uzilova - Vejnar 1966). Tn the Central Bohemian Pluton they are re-
presented by the Pozary type, and by the Weinsberg and Freistadt tvpes in
the Moldanubicum. There they are somewhat older and imore intensely affected
by lectonic events than the muscovite-biotite granites. They occur mainly in
Austria whenee they extend to the Sumava Mis. and Novohradské hory Hills
on the Bohemian territory. Small massifs ascending from beneath the Cretaceous
near Litice nad Orlicf and Ryehnov nad Knéznou also show granedioritic com-
position (Domedka-O0pletal 1974).

¢) The group denotied as “tonalite group’ includes horn-
blende-biotite quartz diorites, tonalites to granodiorites. They are characterized
by numerous inclusions of more basic diorite and gabbro, which in places have
a size of small massifs and in places form long stripes. Tonalites are accompanied
by a varied swarm of dykes and by Au-Jmineralization {(Sattran-Klomin-
sk ¥ 1970). They belong to the older group of Hereynian plutonites. which e.g.
Chaloupsky (1975) dates as Cadomian. Their most typical development
has heen recognized in the Central Bohemian Pluton, mainly in its north-
western part {Sdzava and relaled types). The large part of the Zelezné horv
pluton and a conjoined massif beneath the Cretaceous sediments are also classed
with this group {Chaloupsky in Malkovsky et al. 1974). Small to-
nalite stocks occur in the Tepla-Barrandian block {Sténoviee and Bohutin stocks).
and others have been found by mine workings on fault structures parallel 1o
the north-western margin of the Central Bohemian Pluton (Vlasimsk¥
1973).

d) The mafic rocks usually form small bodies enclesed in grani-
toids of the tonalile group, such as basic bodies in the Central Bohemian Pluton
between Bieznice and N&¢in in the Piibrawn arca, and between Pecerady and
Velké Popovice in the Sazava area. Enclosures of similar character are also
abundant in the Zelezné hory pluton. Isolated minor bodies of mafic rocks ave
known from the neighbourhood of the Cista-Jesenice massif (e.g. melagabbro at
Petrovica — Ulrveh et al. 19761 The age of these rocks has not been
recognized with certainty {melagabbro — 380 million years).

¢} Herevoian plutonites of a peculiar type are the so-called durbachi-

tes, which are melanocralic hornblende-biotite- or pyroxene-biotite granites
to monzodiorites. They are characterized by a high biotite content, and a
considerable amount of polassium. iron and magnesium. Their composition
resembles that of lamprophyres. Durbachites occur in two zones of NNE—S5W
direction: the zonc at the eastern margin of the Ceniral Bohemian Pluton is
distinguished by the Certovo bfemeno and Tébor (syenite) bodies, a number of
small bodies in the Pisck and Vodnany area and the massif of Knizeci stolee
in the Sumava Mis. The second zone follows the eastern branch of the Molda-
nubicum and consists of the Ttebi¢ and Jihlava massifs in Moravia and the
Austrian Rastenberg massif, in particular. Durbachites are often foliated, the
K-feldspar phenocrysts in the marginal parts of the massifs are distinctly oriented
(eg. Bubeniéek 1968). The Moldanubicum is the only unit of the Bo-
hemian, Massif where thev occur. They are not found among the Cademian
plutonites either.

[} A short mention should be made of alkaline llercynian plu-
tonites, which were established in the Cisti massif (alkaline metasomatites
— Klominsky 1961, Kopecky I.. et al. 1970) and in the form of
xenoliths in pipe breceia at Ko#tal SW ol Litomifire in the Ceské stiedohobi
Mis. (Kopecky L. 1966}

In the Bohemian Massif llercynian pluions occur in other areas than
Cadomian plutons and their spatial distribution is governed by a different
structural plan. Large massifs are localed in areas of negative gravity anomalies
(Fig. 2.36) — the Kru3né hory and Moldanubian blocks and part of the West
Sudetic block. In the areas of positive gravity anomalies Hercynian granitoids
occur rarely in the form of minor stocks (e.g. “Stockgranit” in the Lusatian
massif, the St&novice, Cistd, Bohutin and Babylon massifs in the Tepla-Bar-
randian block) and they are probably absent in the Brno pluton area.

The axial part of the Hercynian orogen is characterized by a predominant
presence of tonalite plutons of Central Bohemia and Zelezné hory. The Central
Bohemian Pluton was intruded along the Central Bohemian suture of SW—NE
trend, al the boundary beiween the Moldanubicum and Tepla-Barrandian block.
Basaltoid and acid magmas ascended along this ancient fault as carly as the
Late Proterozoic (Jfilové Zone): the tonalite rock types of the Central Bohemian
Pluton are most abundant in the proximity of ancient basic volcanic complexes.
The overall composition of the Central Bohemian Pluton is of tholeiitic character
(Palivecova 1985, Steinocher 1969, V ejnar 1973), which points
1o the genesis of magmas very deep in the crust, possibly in the mantle, and 10
a great depth extent of the Central Bohemian suture.

In the marginal parts of the Massif, in areas more remole from the axis of
the Ilercynian orogen, plutons of more aecid granodiorite and granite were
emplaced, the composition of which was approaching the eutectic granite (Kl o -
minsky - Dudek 1978). Intrusions 'mainly follow NE—SW and NW—-S5E
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trends, more rarely the N—S, NNE—SSW and E—W strikes. In the Kruné hory
and the Ceskomoravska vrchovina the massifs intruded into anticlinorial strue-
tures bounded in the SE (E) by deep faults (Ohte and Piibyslav fault zones); in
the Sumava they are located directly on fault structures.

The intrusions of durbachites followed a separate structural plan; they form
1wo zones of SSW—NNE direction. The fabric of durbachite is markedly adapted
to the structure of the mantle, at least in near-contact parts (Bubenitek
1968, Bene§ 1971); they are evidenily older than other Hercynian types
{most probably late synkinematic).

The shapes of granite plutons are poorly known. The analysis of geological
and geophysical data indicates that the Kruiné hory massifs are most hkely
batholiths exiending or widening to great depths (Polansky 1977). In
contrast, the Krkono$e massif is of a thick-slab form, rooted mushroom-like at
the southern side of the body (Klominsky 1969). The central massif of
the Ceskomoravska vrchovina also shows rather a slabby shape (Suk - Weiss
1976). The areas of supply characterized by prominent negative anomalies oc-
curred mainly in the southern part of the massif and in the neighbourhood of
Melechov and Cefinek.

Granite massifs obviously penetrated very near to the surface so that they
disrupted their mantle in places. Such a contact is known chiefly from the
northern part of the central massif (Krupifka 1968). Young tin-bearing
granites of the Kru$né hory penetrated close to the surface, locally even into
the effusive complex of Teplice porphyry; the Krkonoe massif is also a sub-
surface intrusion. The character of the inner structure of plutons is universally
adapted to the structure of the mantle (Benes 1971).

5.1.4 Neoidic plutonites

Plutonites of Alpine age are extremely scarce in the Bohemian Massif. We can
range to them the subvolcanic bodies of alkaline plutonites in centres of volcanie
activity in the Doupovské hory area (theralite and essexite at the site of
central vent) and small stocks and dykes of essexite and sodalite syenite around
Roztoky and Bfezno in the Ceské stfedohori Mts. These two occurrences are
located at the crossing of major tectonic lines — the Ohfe fault zone and the
Labe line, or of the former with the Jachymov fault zone.

5.2 Volcanic complexes

5.2.1 Metavolcanites of nncertain age

in the crystalline areas

In the parts of the Bohemian Massif built up of crystalline rock complexes, the
metamorphosed series contain an abundance of roc ks formed by meta-
morphism of acid and basic volcanites. Some of the metamoz-
phic complexes can be parallelized reliably enough with the Upper Proterozoic
of the Barrandian (e.g. the Zabfeh Group, Letovice crystalline complex, Nové
Masto phyllites) or with the Palaeozoic (Zelezny Brod crystalline complex), but
the stratigraphic assignment of the great majority of crystalline complexes is
unknown. Their sedimentation, voleanism and probably alse metamorphism
occurred already before the Cadomian orogeny (Zoubek 1976, and many
other authors}.

Metaveleanites are most widely distributed in the Moldanubicum. They are
initial voleanites, which developed in the sedimentary area at the time of its
dissection into minor basins, when intensive basic and acid volcanismn ac-
companied sedimentation of the Moldanubian Varied Group of diverse facies
development. Volcamisin began with basic (amphibolite) to ulirabasic (ser-
pentinite) types and continued with a common ascent of bhasic and acd
rhyolitic rocks (granulites) and ended again with basic rocks types (Zoubek
1976, Pletdanek - Suk 1976). Metavoleaniles occur in all three zones of the
Varied Group of the Moldanubicum; amphibolites are present in the western
sone hetween Klatovy and Cesky Sternberk, amphibolites together with the
granulite formation of a large extent are developed in the central zone bhetween
Cerna and Jihlava, and granuliles with amphibolites in the eastern zone in
Moravia. Granulites are most likely equivalents of rhyolite effusions and chiefly
of tulls and tuffites (Zoubek 1948, Matéjovska 1967). The relatively
little differentiated amphibolite series is divisible into two groups, which differ
slightly in chemistry: amphibolites associated with the granulite formation, and
amphibolites of the other parts of the Varied Group (Suk 1971). In the
thoronghly studied parts of the Moravian Moldanubicum and in the StraZek
Moldanubicum they correspond to tholeiitic basalt and alkali-calcic basalt (K14 -
pova 1977, Sichtatovéa 1977). These two different trends are obviously
also typical of the other parls of the Moldanubicum.

Metamorphosed hasaltic volcanites are abundant in the Moravicum and 5i-
lesicum (in the Mica-schist zone, Vranov-Ole$nice Group, Staré Mésto mica-schist
zone and other units). Their association with the varied units suggest that they
had originated under similar tcclonic regimes as amphibolites in the Varied
Group of the Moldanubicum,.

3 4 ™



In the pre-Proterozoic formation of the remaining crystalline units the meta-
volcanites are much scarcer; they occur in a small amount in the Kruiné hory
Crystalline. In the West Sudetic Crystalline they are part of Upper Proterozoic
complexes.

5.2.2 Volcanism connected with the Cadomian orogeny

(Upper Proterozoic—Cambrian)

Unusually abundant occurrences of volcanites of the Cadomian cycle come from

the period of Upper Proterozoic sedimentation of the series developed typically

chielly in the Barrandian and in areas of metamorphosed Proterozoic complexes

{the Cesky les, the Kru¥né hory, crystalline complexes of Krkonose, Orlické

hory and Tetovice, Zabfeh Group, and parts of the Ilruby Jesenik crystalline

complex). In the Tepla-Barrandian region volcanic rocks
occur in {ive zones, which dilfer in composition of the rocks and
overall variability (Fiala 1971b, 1977). The =zones striking SW—NE are
parallel to the fold structure of the Proterozoic, and are compared by some
authors with recent island arcs. The rocks are typical submarine effusions and
extrusions represented by lava flows, wulfs, tuffites, granulates and granulate
breceias. The chemistry of volcanites and of the volcanic association differs
from one zone to another (I'iala 1971b, 1977); it is predominanily tholeiitie
in NW and in the SE part it shows a diserete tendency to alkali-ealeic types.

The zones are the following:

al Central voleanic zone, 150 km long, exiends between Kralupy n. Vilavou
and Domazlice. It contains mainly metabasalts of tholeile-basalt chemistry,
spilites and sporadic keratophyres. Volecanic rocks arc mostly affected by
secondary alterations.

b} Zone of polassium spilite forms a belt of Slatina-Pavlikov NW of the
principal zone.

¢) The Stfibro-Plasy zone displays a strong differentiation from ultrabasic types
through metabasalts, keratophyre-spilites to quarlz albilophyres (albite
rhvolites),

d) The Maridnské Liznd metabasite complex consists of metabasalts associated
with abundant ultrabasites, in places with gabbroie bodies (the whole
set of rocks shows the character of an ophiolite complex, corresponding to
it in metamorphism, too),

e} Southern volcanic zone stretches between Klatovy and Zbraslav and is
formed of a typical metabasalt-spilite-keratophyre formation. The amount
of acid volcanites increases to the NE.

fi Jilové zone containing abundant andesite and rhvolite in addition to basalt
tvpes.

The voleanic [acics in the north-castern parts of zone e} and in zoune [] suggest
that in this parl the thickness of the crust in the Cadomiun geosyncline was
greater (Fiala 1977), and of the continental type.

In the Zelezné hory llills the Proterozoic voleanites of lthe Prespilitic Group
are of a more pronounced spilitic character than the allied rocks of the central
Barrandian zone. The Postspilitic Group contains mainly intermediale and acid
voleanies, which grade upwards into more alkaline types (Fiala 1971b).

The Cambrian volcanism is of a typical subsequent (in the sense
of Stille’, and subaerial character. The earlier infrequent exirusions have been
cstablished in the Cambrian of Brdy and RoZmital p. Tiemsinen, and they
belong lo the Lower Cambrian (Havlitek 1971). Their composition cor-
responds 1o that of andesite and rhyolite. In the linear Kiivoklat-Rokycany zone,
which is the main volcanic area, Waldhausrova (1971} differentiated
four eruption phases: 1. palaeodacites, 2. palaeo-andesites, 3. pophyritic palaeo-
dacites and palacorhyodacites and 4. the youngest palaeorhyolites. In the more
easterly Strafice zone, palaeo-andesites are accompanied by rocks of basalt
chemistry. The volcanism is predominantly of Late Cambrian age but it might
have continued until the Ordovician. Vidal et al. (1975), for example, give an
age of 475 million years.

The Cambrian subsequent volcanites have not been found outside the Bar-
randian area, but Proterozoic volcanic rocks are widely distributed there. In the
West Sudetic region basalt voleanism was active in all Upper Proterozoic serics.
\letabasalts are most abundant in the Lesczyniec unit in Poland, at the eastern
margin of the Krkono¥e-Jizerské hory anticlinorium, being appreciably scarcer
in the Krkonofe and Jedtéd crystalline areas.

Proterozoic metavolcanites of the Orlické hory Mts.
are prevalently basic submarine initial volcanic rocks [ollowing the zones of
NNW_SSI¢ direction; acidic types are very subordinate. In chemistry, these
basites correspond most probably to abyssal tholeiites Domeéka-Opletal,
1981} or tholeiite-basalts and are thus closely related to the Proterozoic
volcanites of the Barrandian.

Upper Proterozoic voleanism is markedly distributed at the eastern margin of
the Bohemian Massif, especially in the Zabieh Group and the Letovice crystal-
line complex. Volcanics of metabasalt composition predominate, being locally
associted with ultrabasites and gabbros (Letovice, the Svitavy area); acid types

arc very rare or absent altogether.

In general, Upper Proterozoic voleanism was centred to highly mobile
sedimentary areas. It was of submarine, mainly effusive and extrusive type, and
in places it may have even produced shallow intrusions. The rocks were chiefly
tholeiitic basalts, more or less spilitized in some parts. Along the margins of
major crustal blocks, the faults acting as supply channels reached 1o consider-
able depths and the volcanic associations are represented by basic-ulirabasic types

247






parts of the Moravo-Silesian zone were also mobilized, but much later, at the
beginning of the Devonian.

Svachronously with the subsidence of the central par of the Barrandian,
deep channels of supply were opened and submarine basalt volcanism had
developed inteusely (Fiala 1971ab). Tn the earliest phases the effusive rocks
were of andesite-basaltic type, but on account of proceeding subsidence the
ENE—\WSW supplying faults had reached to increasing depths and the volcanitvs
assumed Dbasaltic character of steadily increasing Dbasicily. Lruptions, mostly
fissie eruplions, produced large amounts of lavals and tuffs. and the majority
of effusives are aulometamorphosed (diabases). The evolution towards more
basic Lvpes continued in the Late Ordovician and Silurian, when even olivine
busalts and ultrabasiles appeared.

The Silurian volcanism, which was developing especially during
the late Wenlockian and early Budianian (Fiala 1970) is more basic and
poorer in potassium than the Ordovician volcanism, and it was most intensive
in the north-western limb of the Barrandian, between Lodénice and Beroun.
Basic voleanics are spilitized and metasomatized at the import of sodium (es-
sexitic and teschenitic diabases, sporadically up to egirinc-augite syenites —
Fiala 1971h), Dykes of ultrabasic rocks, picrites and peridotites, are very
characteristic.

The Devonian voleanism is limited to a small area west of Prague.
It is represented by submarine effusions of very basic vitric diabase, accom-
panicd by tuffs and tulfites (Fiala 1970).

Ocecurrences ol Lower Palacozoie voleanism are connecled with deep WEW—-
ENE trending faults, which were channels of supply of basic magma from deep
parta of the erust. Voleanic centres and areas of the most intensive volcanie
activity moved during the Cambrian to Devonian gradually te the ENE
(Rohlich - Stoviekova 1963) simulianeously with the increasing al-
kalinity of basaltoid rocks (Fiala 1971ab}.

Of great importance for the recognitien of the structure of decper crustal
lavers are the finds of diverse types of inclusions in Ordovician diabases W and
NW of Beroun. Gabbro was identified at Kruénd hora near Hudlice, altered
ultrabasites and fragments of feldspars near Chyfiava and Kafizek. and granitoid
pebbles (probably fragments of Cambrian conglomerates) NE of Hofovice, S of
Otmice. These finds indicate that major complexes of older magmatic rocks may
exist in the basement of the Barrandian Palaeozoic (Fiala 1971b).

Tn the Krkonode-Jizerské hory region the Early Palaeozoic volcanites are
distributed randomly ; they are more frequent only in the Zelezny Brod erystal-
line area and in the Rychory Hills at the ecastern margin of the Krkonoge-Jizer-
ské hory dome. Volcanites of basaltic composition predominale in both these
areas, In the former, volcanic activity followed the E—W structural trend and
began in the Ordovician to develop with greater intensity in the Silurian; its

produets appear particularly above the graphitic phyllites (Fediuk 19821 Th:
earlice voleanic rocks of the Silurian complex have basaltoid composition. which
chauvged abraptly in the later phase, the main products being keratophyres and
quartz keratophyres (albite trachyvtes and rhyolites). In the upper part of the
complex the suceession of basic and acid types vepeals once more, and the
differentiation sporadically progressed up to ultramafic types (Fediunk 1962).
The voleanic eomplex is metamorphosed in greenschist facies.

Tsolated peridotite dykes NW of Zelezny Brod display some chemical relations
to the Silurian volcanisin but they are semewhat later than the metamorphie
foliation of the neighbouring sediments (Fediuk 1971b). They secem to be
in snilar time relation to basaltoid voleanism as the intrusions in western
Bohemia 10 the Upper Proterozoic volcanism.

In the R¥chory Hills the differentiation of the voleanic complex is substantial-
v Jower than in the Zelezny Brod area; the main rocks are bhasaltoid
types, their tuffs and tuffites: the differentiates of higher acidity are lacking
(Fediuk 1958, Metamorphism is of a slightly higher grade than in the Zelezny
Brod crystalline complex. Mctavoleanites in the Krkonode and Jestéd crystalline
complexes are of the same 1ype but of a mueh smaller extent.

Devonian voleanism of hasaltic charaeter is represented only in the north-
weslern part of the JeStddské pohoii Mits.

In the Moravo-Silesian region the regeneration of the sedimentary area and
the onset of a new geosynelingl regime began only at the beginning of the
Devonian. The transgressive coarser-clastic scdiments are followed by fine-
grained pelitic-psammilic sedimentalion, accompanied by intensive volcame
activity. The voleanic produets are mainly basic lavas (pillow-lavas are frequent),
tulfs and tullites, and in the Middle Devonian acid volcanites, keratophyres and
quarlz keralophyres increased in amount, The whole rock set shows prominent
features of inilial spilite-keratophyre voleanism and low-grade metamorphism,
The volcanie rocks oceur in the Vrbno Group and stratigraphically equivalent
units, in the Sternberk-Horni Bene$ov zonc and subordinately in the Konice-
Mlade¢ Devonian.

The effusive volcanisin had a character of linear fissure eruptions and aligned
voleanic centres {Lhe strike of fissures SSW—NNE), Acid volcanic rocks were
confined to scparate centres located at the margins of elevation structures
(Barth 1966). The Jesenik and Sobotin massifs can be assigned to the
voleanism of the Vrbno Group as subvolcanic bodies (Pouba 1962}, The
localization and development of Devonian initial voleanism suggest that the
main supply channels followed deep fault zones of Cervenohorské sedlo and the
Sternberk-Ilorni Benegov zone.



5.2.4 Hercynian late- orogenic volcanism

The Permo-Carbonilerous of the Bohemian Massif extends at the southern
margin of the occurrence of typical subsequent Hercynian volcanisin in Central
Europe. In the Permo-Carboniferous basins of central Bohcmia and the West
Sudetes and their close neighbourhood there are essentially two groups of volcan-
ites: acid quarlz porphyries and more basic melaphyres. In the “melaphvre”
group effusive types predominate over tuffs; the character of rhyolite eruptions
is mainly extrusive (tufls, agglomerates, ignimbrites); effusions are scarcer.

The rocks of the “melaphyre” group are for the most part
andesites or basalt-andesites, andesite-latites and latites and, to a minor extent,
of basalt type (Fediuk 1967). There exists a number of structural types
denoted by special names. The extent and composition of volecanism somewhat
differ in individual basins; the principal maxima of volecanic aclivity were
concentraled into two phases, the earlier in the Carboniferous, chiefly in West-
phalian B and C. and the laler in the Late Permian, mainly in late Autunian.
Regional distribution of the two phases is not equal: Upper Carboniferous
voleanites predominate in the basins of central Bohemia, and Permian volcanites
in the Mnichove Hradists, Krkonofe-piedmoni and Intra-Sudetic basins.

In the basins of ceniral Bohemia voleanic activity began before the onset of
sedimentation. and the oldest voleanites thus form the basement ol basin
sediments. Explosive voleanisin inlensified especially in Westphalian C, oceurring
in depressions and ridges which separated them. and in their northern neighbour-
heod. Accumulations of ejecta are traceable in some horizons (whetstones) over
a greal distance (P e ek 1975); on the basis of their habit the sites of voleanie
centres ean be reconstructed. They are assumed Lo oceur between the Plzen and
Rakovnik basins, near Nové Strageci and Zlonice, and in the northern part of the
OhFe valley, most probably in the area of Oparno voleanic rocks (Madek
1973, Fig. 5.12). Some of these centres are localed on major deep faults. In
addition to the predominating acid veleane-clastics and less abundant elfusions,
isolated effusions of basaltic rocks have been found in the southern part of the
Kladno basin and in the Rakovnik basin (Kopecky L. - Malkovsky
1958, Madsek 1973

Beneath the Cretaceous basin the voleanic rocks are prevalently of Permian
age. They are centred to the area north of the Marfovice-Bezddz elevation,
where melaphyres constitute almost the wheole filling of the Mnichovo Hradisté
basin. To the soulh of the elevation. the proportion of volcanic rocks in the
sedimentary complexes is very small and they arve represented only by acid
tvpes (Fediuk 1967),

Melaphares in the Mnoichove Iradidté basin belong to three voleanic cycles.
Tn the oldest eyele there are basaltic to olivine basaltic types (palatinites), in the
middle cycle are rocks ol basalt chemistry (tholeiites), and in the latest cycle
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5.11 Schematic map of the occurrences of subsequent Upper Palagozoic volcanites at the
northern margin of the Bohemian Massif (J. Magek 1973)

1 — quartz porphyries; 2 — melaphyres; 3 — line separating the northerly areas of pre-
dominantly Permian volcanism from the southerly areas of Carboniferous volecanism

542 Scheme showing the explosive
cenires of Westphalian age in Central
Bohemian basins and their northern
neighbourhood (J. Masek 1973)

1 — Explosive erater at Nové Straleci;
2 — pyroclastic cone near Zlonice; 3 —
hypothetical evuptive centre of the
whetstone horizon; 4 — hypothetical
centre of other volcanic accumulations.
Dashed lines — isolines of thicknesses
of the whetstone horizon

andesites to dacites (navites); most of them are strongly secondarily altered.
Rhyolitic types occur only in a small amount In a narrow siripe along the
Luzice fault. Rhyolites {quartz porphyry) in the MSeno basin are rare (thev
display nevaditic texture), but are common in the continuation of the Teplice






























chemistry with the pre-Ilereynian magmatites of the 7elezné hory llills, the
Lusatianv massil and red gneisses of the Kruiné hory Mits. Pebbles of these,
partly schistose, have been found in other Lower Palaevzoic conglomerates
({Chaloupsky 1962). Pebbles of phyllite and dynamically metamorphosed
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6.5 Distribution of Cadomian metamorphic zones in the Bohemnian Massif (M, Suk. orig)
7 — Kvanite-staurolite zone; 2 — chlorite zome: 3 — prehnite-pumpellyile zone: 4 — veens

rence of granulitic rocks; 3 — celogile oceurrences; 6 -~ ovceurrences of glaucophanie rocks

grevwacke are kuown from the Barrandian (Kettner - Dudek 1956, Ie-
diuk - Rahlich 1960); finds of pebbles of kyanite-bearing mica-schists are
reported by Fiala (1948, 1980) and KKukal (1966} ; the latter established
their supply from the SE. ie. from the “lslets-zone”, to which the rock as-
<ociations and their petrographical Lypes are very similar. Finds of pebbles ol
cale-silicale rocks and marble (the Zelezné hory), metavolcanites and greenschisis

are less [requent.

The minerals in the association of clastic minerals (Petrdanelk 1952, Ku-
kal 1962, 1966) correspond cxclusively to the assemblage of garnet-kyanile-
staurclite, with cpidole, tourmaline, anatase, monazite, et¢, For the time being,
minerals common at the prescent-day denudation level of the Hercynian meta-
morphism have wot been found and no marked changes in the composition of
clastic minerals have been established which would suggest a progressive un-
covering of deeper, more intensely altered layers of Cadomian erogeny.

Radiometric data provide important evidence for the timing of the Cadomian
metamorphic eyele. The data obtained on volcanites and metavoleanites uni-
versally confienn Upper Proterozoic age of the educt (Bited Gneiss 796 Ma —
Scharbert 1977; spilites of the Barrandian 6G0 Ma — Jager 1977). The
data  corresponding to the Cadomian metamorphism  were established by
Grauvert etal (1973) and Gebauer-Griinenfelder (1977) as rang-
g from 600 to 530 Mua, Jiger (1977) considers the value of 670 Ma de-
termined for the spilites from the Barrandian Zitee Conglomerates to he the
Tiniit Tor the beginning of the Cadomian ‘metamnorphism.

The age ol late teclonic and postlectonic massifs is about 350+30 Ma (Klo -
minsky - Dudek 1978). This date is in good agreement with the fre-
quently reported age of 544 Ma for the culmination of the Cadomian metanor-
phistuin the whole region of the European IHerevnides.

Al these data are at varianee with Lthe geological conditions in the Bohemian
Massil at the Proterozoic—Palaeozoic boundary. They presume, namely, a syn-
clironous formation ol the Cambrian molasse {T.ower Cambrian in the Barrandian
dated biostratigraphically and radiometrically) and the regional metamorphisim
associated willy the eniplacement of plulonites. Tt is the same situalion as in the
Hercynides: in northern Moravia the rocks altered by Hevevnian metamorphism
oceur in pebbles in the Upper Viséan, whereas in other sectors {(e.g. in the zone
adjacent to the Kouty belt al the weslern houndary of the Nizky Jesenik) meta-
morphism and emplacement of plutonites continued beyond the boundary of the
LLate Carboniferous.

According to geological and radiomelric data the beginning of metamorphic
activily must be placed in the Late roterozoic (630—630 Ma) and its culminat-
ion at the onset of the Palacozoic at about 570 Ma. The Cademian orogeny
closed by the late lectonic phase (350530 AMa) and final teclonic movements
al the Cambrian/Ordovician boundary. The radiometric dala on the metamor-
phites and magmatites From the Barrandian Proterozoie, the Moldanubicum
(Gorochov et al. 1977), the Lusatian massif and the Orlické hory and
Kruiné hory Mis. runge within this interval.

The origin of lale-leclonic magmatites, which usually imply the close of
regional metamorphism is thus placed in the Early Cambrian {Neratovice, Kdyné,
Bansko massif. Stod, and others). Somewhat younger Late Cambrian volcanites
in the Kiivoklat-Rokyeany zone (470 Ma, Vidal et al. 1975), alrcady show
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6.8 Granulite body of the Blansk$ les and its inner stroeture (O, Kodym, jun. - P Jaked -
P, Schovanek 1978)
1 — paragneiss encircling the wmassif; 2 — ultrabasites; 3 — metabasites of the grandlite
massif (mainly pyribolites}; 4 — amphibolites in the rim of the massif;: 5 — granulites of
Y Py ? A . M
the massif core; 6 — partly reerystallized biotile granulite of transitional zome; 7 — re-
erystallized biotite granulite in the outer parts of the massif; 8§ — orthogneisses and migma-
tites; 9 — granites and granodiorites; 10 — Tertiary and Cretacecus; 11 — Holubav borehole

Gorochov et al. 1977, Grauert et al. 1973, Kéhler - Miiller -
-Sohnius 1979, Gebauer - Griinenfelder 1974). The only ex-

3 — Varied and Monolonous

lrabasites; 6 — grannlites and
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up to the rutile zone. A relict rutile zone is also reported by Maldjovska
{1975) from the West Moravian granulite bell. Zoubek {1951, 1980) as-
sociales the so-called Gfthl migmatization in the Moldanubicum with the Ca-
domian metamorphism, but the association with migmatites is not usual for the
Dalradian type of metamorphism. The pressure plays such a great role that
nugmatization does not develop up to the highest-grade regional metamorphisim.
The Gfohl migmalization in the Moldanubicum originated during Hereynian
metamorphism by saperposition ol migmatite structures on the educt, the two
components of which are really Cadomian. Zoubek’s assumption relates to these
very components. The connection of the origin of migmatite structures with the
Hereynian metarorphism has been proved in both the Gfshl Gneiss of western
Moravia (Matéjovska 1975) and the equivalent Popovice and Podolsko
complexcs (Dudek et al. 1974). As far as the Cadomian migmatites occur, the
migmatization is invariably linked wilh contact effecis {or emplacement of late-
tectonic magmalites, such as red gneiss in the Krugné hory Mts. or orthogneisses
in the Moldanubicum (Ambros 1935, Fediuk 1976). In many rocks,
formerly denoted as migmatites. banding originated by another process (e.g. in
the Bited Gneiss, Frasl ct al. 1968; the Snésnik Gneiss in the Orlické hory
Mis., Opletal et al. 1980; in the Koufim Gneiss of the Kutnd Hora Crystal-
line).

Relict manifestations of contact metamorphism of Cadomian
age are also known from the Moldanubicum, for example, [rom the border of
the StraZz Orthogneiss near Jindfichiiv Hradee, or from the Pacov Orthogneiss,
from which greisen was reported by Némec - Tenéik (1976). Dislocation
metamorphism of Cadomian age is known from the granulites of the Kruiné
hory Mis. (Behr et al. 1965) and the Moldanubicum (Suk 1979).

6.3 Problem of Caledonian metamorphism

In the Bohemian Massif an extensive Caledonian metanorphism was presumed
above all in the Lugicum, where Caledonian dcformations have been reliably
substantiated (Kodym O. sen.- Svoboda 1948 Chaloupsky 1966).
The Lugicum was therefore regarded as a scparate branch of the Caledonian
orogenic zonc and is still separaled from the Bohemian Massif by some authors
(Watznauer 1968). However, no independent metamorphism could he
proved in this area, and neither magmatites nor flyseh and melasse sediments
that would correspond to the effects of Caledonian orogeny in the Bohemian
Massif have been recognized. Also in other parts of the European Hercynides
the low-pressure metamorphie features can mostly be ranged to the Cadomian
metamorphism and the low-pressure phenomena to the Hercynian metamor-

phism. This, of course, does not alter Lthe fact that the Bohemian pl-lasc is-an
essential divide in the history of the lercynides, representing the rejuvenation
of the Epicadomian platform and the onset of Hercynian development. .

Only sporadic opinions were put forwards on the activity of the ‘Cale.doman
metamorphism in other parts of the Bohemian Massif. FOI: example,lb tejskal
(1925) and Zoubek {1946) considercd the Moldanubian granulites to be of
Caledonian (i.e. Late Cambrian) age. This hypothesis was unexpected.ly supporte’d
by radiometric Bb/Sr data, which [lor granulites and orthc:gl\uelsses of the
Moldanubicum range from 420 1o 530 Ma (Dornsiepen 1979). ' -

The discrepancy belween the geological situation anfi these data is explained
by some authors in terms of heterogeneous rocks, \Vth}.l ‘had been bro.ught up
from depth during the Hercynian orogeny (Zwart 1969) or of extensive nap-
pes Thiele 1971), Zouhbek (1980) proved by a detallled analysis t-hat v&re
are not able to decipher convineingly these data which are in essence enigmatic
(one of the possible explanations is that they belong to the Qadonnan stage re-
juvenaled by Hercynian events). This is also suggested by their greab scatter and
the fact that all of them have been obtained on polymetamorphosed rocks
Mornsiepen 1979 .

Another explanation assumes that the Cadomian and Hereyvnian metar_nor-
phisms belong lo one continuous megacycle which, according to data given
above, hegan in the Late Proterozoic and ended wiLh‘ the .lat.e Hercyn}an
magmatism (Skvor 1970. Fischer - Troll 1973). 'T.hlS interpretation
would agree witli the idea that the European Hercynides originated as a result
of collision of the southern (Gondwana) and northern (T.aurasian) blocks. but
it does not correspond to basic geological data: .

a) Whereas the Caledonian stage is substantiated only by geochronological data
and tectonic events, both the Hereynian and Cadomian metamorphic stages
display a regular and complete sequence of phases from the syntectonic dyr.mmi.c
metamorphism through high-lemperature periplutonic metmnm'rphism. {which is
more prominent in the Hercynian metamorphism than in the (,]adon-mm) up ‘10
the phase of retrograde allerations. Evidence exists e.g. in the Barrandian (Chdb
in Chab - Suk 1977), and for the Hercynian metamorphism at the Molda-
nubicum/Saxothuringicum boundary (c.g. Schreyer 1965).

b) In b6t11 stages there is also a complete succession of magmatic Lypes, from
the “geosynclinal” through syntectonic abyssal to the “subsequent” acid and
basic volcanism.

¢) The extent and gradation of the metamorphic zones of the two slages differ
sharply (zonal course of Cadomian metamorphism and domal of the Herevnian
metamorphism).

These arguments against a separate Caledonian stage of regional metamor-
phism and uninterrupled existence of melamorphic conditions in the upper
crustal layers from the Cadomian to Hercynian stage do not exclude that the



fundamental cause was a continuous trend of Gondwana and Laurasia towards
collision, or as presumed hy Krebs - Wachendorf (1973) or Zwart -
-Dornsiepen (1980), a secular vertical supply of masses and cnergy Im
places ol the mantle hot spot,

6.4 The Hercynian metamorphic stage

The second principal process of regional metamorphism is the llercynian stage,
which was active to a large extent in the whole Bohemian Massif. It is evidenced
geologically by the transgression of the Lower Carboniferous on the folded and
metamorphosed Lower Palaeozoic in Moravia, by the fading out of metamorphic
alterations during the sedimeutation of the Lower Carboniferous, and by meta-
morphism ol biostratigraphically proved Lower Palaeozoic sediments in the
mountain ranges of the Krkonose, Jizerské hory and Krusné hory (in some
parts) and in the “[slets zone™.

The onset of the Hereynian wmetamorphic stage is dilficult 10 determine.
Kodym sen.-Svoboda (1948) and Skvor (1970} have proved Lhat the
beginning of the Hercynian stage must be placed in the Ordovician, when iso-
thermal solutions began to ascend. i is therefore possible that in the areas of
higher-grade metamorphism, e.g. in the Moldanubicum, there are exposed layers
ir which Hercynian alterations had started in the Ordovician, whereas in other
areas which represented higher layers of the llercynian orogen, sedimentation
continued still in the Devonian (Jeseniky Mts., Barvandian). Radiometric data
and their seatter from 400 Ma to about 270 Ma would correspond to this inter-
pretation; the latter value compares with the closing phase of heating in the
late tectoniec magmatism. The T.ate Devonian can be regarded as the period ol
culminating Hercynian metamorphism. The time succession is conmplicated by
the typical migration of maximum metamorphism in the Hercynian zene [rom
the south, i.e. from the Moldanubicum northwards into the Saxothuringicum and
the Rhenohercynian zone during the Devonian o Early Carboniferous. This
nigration can be subslaniiated as in the Bohemian Massil (the Bretonian phase
i the Moldanubicum, Sudetic phase in the Krugné hory Mts.) so at other places
in the Hercynides, for example, in the Rheinisches Gebirge (radiometrically).

The termination of this metamorphic phase is also asynchronons owing to the
origin of autonomous blocks. Whereas in the Lower Carbonilerous. molasses of
Moravia alveady contain pebbles of typical Moldanubian vocks (Stele] 1960,
19691, in the Kru$né hory region and northern Moravia alterations had occurred
still in the Late Carbonilerous.

The TTereynian melamorphism is thought to be a low-pressure melamorphisin
of the periplutonic cordicrite-sillimanite type. Ilowever, it shows this character
chiefly in the Moldanubian zone. in olher sectors il is rather of the Barrovian

Table 6.2
Metamorphic stages and their

phases on the territory of the Czech Soc. Rep.

phase

Approximate
“= interval at
< & | Name of metam. present Type of metam. | Typical examples in the
g £ phase denudation phase Czech Soc, Rep.
oz ) level
| in million years
Saxonian platform phase | contact met. in Bohemo-
Silesian volcanic are,
: Pb:U re-equilibration
& | Late Moravian 300—~280 retrogressive albitization, epidolization
£ | (Frasl et al. 1968) phase of Hercynian intrusives,
,‘E.. @ Teplice porphyry
F=
é‘é"‘ Boliemo-Moravian 330—~300 lale tectonic Central Bohemian—+
- phase Moldanubian plutons,
i periplutonic metam.
kA cordierite migmatites)
g8 gm
Ligurian 370—2330 svntectonie andalusite-staurolite
{Kornprobst phase alterations in eryst. units
et al. 1580) (Jeseniky Mts.)
Bohemian (early 520—430 platform phase | Kiivoklit-Rokyeany Belt
Caledonian)
SA0—4%0 retrogressive alterations in the Jilové
) phase Zone
]
g7
é = 570—540 late tectonie Lusatian pluten, Prolero-
< & | Norman phase zoic basic massifs of
3 é {l{ornprobst Barrandian, Islets Zone+
2 et al. 1580) Zelezné hory Hills
54
B Early Moravian 630—370 syntectonic reg. metam. of Barrow
{F'ras) et al. 1968) phase type in Barrandian,
boundary of granulite
facies in Moldanubicum
? platlorm phase
= retrogressive ! higher-temp. alleralions of
E phase . basic rocks of Brno Massif
= o
=
LS
= lesntian phase . i Y
==, (Kornprobst ? late tectonic Broe pluton (800 Mn:)
2 E et al. 198)) phase reg. mel. to gmnu}ltc
E £ facies in Brno unit
T o© .
ER
==
2 . .
= 1800 (900?) syntectonie ?
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6.12 Zones of periplutonie migmatization at the soulliern margin of the Central Bohemian

Pluton {M. Suk. LU8L)
I — Centenl Bohemian Pinton; 2 — hornblende-hislite gneiss; 3 — nebulitie migmatite; 4 —
quartzite, ¢an and amphibokite of the Varied Group of the Moldanubicum; 3 — zone of pearl

gneiss {PGit 6§ — vone of stromatitic migmatite (IFM): 7 — zone ol sillimanite-otite
paragneiss ( 356)

type, and in the Krkono$e Mts, at the northern margin, it bears features of a
series ol medium or higher pressures (Fediuk - Misat® 1968, Ryka -
-Znosko 1978, Stelel 1968, Chab - Vrana 1979). Somc characters
of higher pressure are, of eourse, found even in the eordierite meiamorphism of

the Moldanubicum (Fediuk 1971a).

6.11 Zomes of Hereyninn metamorphism in the Bohemian Masgsif and the Brno un't
(M. Sulk. orig)

1 — Hereynian plutonites; 2 — low-grade metamorphism (predominantly chlorite wnd
epidole isograd<); § — very low-grade metamorphism (muscovite isograd and increased
eoalification) ; 4 — medium-grade metamorphism (garnet, staurolite-andalusite and staurolite-
muscovile isograds): 3 — medium-grade metamorphism {+4sillimanite and +K-feldspor

isograds); 6 — zones of high-grade metamorphism (predominantly cordierite-K-feldspar}



A typical feature of the Hercynian metamorphism in the Bohemian Massif is
its polymetamorphic character, because the younger high-temperature Ilereynian
stage is usually superimposed on the Cadomian metamorphic assemblages or
even earlicr {Acadian) higher pressures phases (Fediuk 197la, Vejnar
1966a).

The mutual influencing of the Cadomian and Ilercynian metamorphice stages
is exceplionally intimate and their relations are much closer than is usual e.g.
in the zones where Caledonian melamorphisim is superimposed on the DPre-
cambrian one in Scandinavia or of Alpine on the Ilerevnian metamorphism in
the Alps. Characteristic overprinting of earlier assemblages with kyanite, stauro-
lite and garnetl by younger alterations with sillimanite and cordierite has already
been described by Waldmann (1927) and it is repeatedly confirmed in dif-
ferent units and on different roeks, such as granulites (Fediukova-Fediuk
1971}, eclogites (Fedivkova - Dudek 1979 or in cordierite gneiss. The
formation of exotic rocks with saphirine (Fifera 1977) and corundum (Suk

513 Domal structures ol
km-order in the Moldanu-
bicum of southern Bohe-
mia {nccording to

1 : 200000 map, Strakoni-
ce sheet)

1 — cordivrite-biotite mig-
malite; 2 — pearl gneiss;
3 — biotile puaragneiss; o
— leucocratic gneiss; 5 —
retrograde-metamorphosed
rocks: 0 — sillimanite-bio-
lite paragneigs, partly mig-
mablzed; ¥ — Hereynian
platonites

, 2
/ j}
4
f%‘ 0 kL] HO0km
: . 5

6.14 Domal struetnres in the Behemian Massif (0. Kampera, orig.). Voleano-sedimentary
depre sions connected with them awe shown in black

I — Minchberg zone; 2 — Smréiny Dome; 3 — Sichsisches Granulitgebirge; 4 — Krudné
hory domal svstem: § — Slavkov cupola: 6 — Tepla dome; ¥ — dome ol the Krkonose anid
Jizerské horv: 8 — dome of the Orlické hory and Klodzkor & — Velké Vrebio dome: 10 —
Kepraik dome; 11 — Desni dome; 12 — Oskava dome; 13 — Rohle dome; 74 — Nemilky
dome: 15 — domal svstem of Kutni Horw ervstatline; [6 — Oheb dome; I7 — Svratka
dome; 18 — Olesnice dome; 19 — Dhlavke dome; 20 — Dyvje dome; 21 — eupoln in the
Nizk Jesenic Culm

et al. 1973}, which appear sporadically in the crystalline complex of the Bo-
hemian Massif, can also be aceounted for by polymetamorphism.

'The Hercynian metamorphism is associated with regional migmatization. The
following types have been discriminated:
a) 1ihe infiltration of rocks by granitic material is usually connected with tecto-
nically predisposed zones. This can be exemplified by the formation of the
granodiorite of the Kozlovice tvpe (with cordierite and transitions into agmalile-
like migmalite), which is associated with the Klatovy fault zone (Ko dym jun. -
- Suk 1961); Lthe Sézava tvpe in the Cenlral Bohemian Pluton, interpreted as
tectonically disturbed series of basic voleanites infiltrated by granitic malerial,
in the zone ol Lhe Central Bohemian suture (IPalivcova et al. 1967, Fig.
7.8); and the origin of some migmalitic orthogneisses in western Moravia (D u -
dek et al. 1974). in the zone of the Moravicum and Moldanubicum, A {or-
eign analogue are pelites and migmatites in the zone of the Bavarian Quarlz

Lode;












ral blocks of the Brunovistulicwin are incorporated. These are, for example,
e Brunides of Tisnov (Jaro§ - Misat 1976), and probably some parts of
e domal structures in the Jeseniky Mits.

The Moldanubian structural layer is the most important Pre-
mbrian structural unit of the Bohemian Massif. According to Zoub ek (1975)
il Chaloupsky (1980), it is older than the Upper Proterozoic of the Bar-
ndian, and probably corresponds to the Dalslandian structural layer in Scandi-
wia and its equivalenls in France and Great Britam; its age would thus be
00—850 million years. In the Bohemian Massif it involves the Moldanubicum,
hich occupies the Sumava and the Cesky les Mts., the southern part of central
yhemia and the Ceskomoravské vrchovina Highlaud; in Poland the Gory
ywic Mis., and the Granulitgebirge in Saxony.

The Cadomian (Baikalian) structural layer, although
fficult 10 date and differentiale stratigraphically, represents the teclonic
velopment of the Proterozoic geosyncline with typical Cadomian folding,
here the filling of ramonlane depressions with molasse sediments had
ntinued until the Early Cambrian, The age of the Cadomian structural laver
estimated at 850—550 1o 500 million years and covers beneath the Hereynian
‘uctural layer virtually the whole region of the Bohemian Massif, including ils
der rcworked Dalslandian parts. Indisputable is the first inira-Proterozuic
ctonic “Zelezné hory” phase (Stille 1958, Kodym, Sen. 1963), which
stinctly separates the Proterozoic Spilite Group from the Focambrian. The
cond, infra-Cambrian phase separales the FEocambrian frem the Lower
imbrian,

The Cadomian structural layer is characterized by the SW—NE
ends, discernible in the Precambrian of the whole Bohemian Massif; in many
ses (e.g. the Barrandian Palaeozoic) they are reflected in the Hercynian
‘uctural layer. This influencing of the Hereynian structural layer by the tectonie
ructure of its Precambrian basement is one of the most relevant features of
e Hercynian orogen in Central Europe,

A major tectonic line of the Precambrian basement of the Bohemian Massif
the Central Bohemian suture trending NE—SW, which forms the boundary
iween the Moldanubicum and the Barrandian and is a component of Zoubek’s
e-Moldanubian lineament. The granulite and ultrabasite zones in the Molda-
1bicum, in whatever way they are interpreted, also indicate important tectonic
1es. The existence of the Cadomian nappe structure is questionable. Some in-
cations have been recognized in the Lugicum (Fajst 1976) and in the
roterozoic of the Barrandian (Kodym, Sen. 1926, Pertold 1964), but
eir interprelation is not unambiguous.

7.1.2 The Hercynian structural layer

The final character of the Bohemian Massif has been defined by its annexing
to Meso-Europe: the llereynian history in the Palaevzoic was closed by
IHercynian folding associated with the cmplacement of numerous plutons and
extensive regional metamorphism, This folding had reworked the whole region
and often obscured the earlier, Precambrian and probably also some Caledonian
structural units. I'rom this point of view, the Bohemian Massif has a tripartite
structure, consisting of these vertical components: the I’recambrian (Cadomian)
basement, Hereynian Palacozoie units, and the post-Ilercynian platform cover.

The presence of the Caledonian structural layer is still subject of discussion.

.In the area which should have been folded and consolidated by Caledonian
orogeny, Chaloupsky (1967), has proved that only the Hercynian folding
was of primary importance. The Caledonian orogeny had caused mainly epciro-
genic movements, which resulted in hiatuses and facies changes. The end of the
Cambrian and beginning of the Ordovician is demarcated by a hiatus due to the
Bohemian phase. As it is shown by a slight unconformity, Kodym, Jun.-
- Suk {1961) thought it to represent the aftermath of the Cadomian orogeny.
The end of the Ordovician and beginning of the Silurian are also indicated by
a stratigraphic hiatus caused by the Taconian phase,

In the Hercynian structural laver three main stages are differentiated
Maska in Buday et al. 1961). The lower stage involves the De-
vonian and older sediments and magmatites of the Hercynian geosyncline., In
this stage the first phase of Hercynian folding, the early Bretonian, was active.
In the central part of the Bohemian Massif and in the Jeseniky Mts. it was in
places alpinotype and associaled with regional metamorphism.

The middle HHercynian stage includes the Carboniferous except
the upper Stephanian. This structural stage was locally affected by the Sudetic
phase between the Viséan and Namurian, and by the Kruné hory phase
between the Namurian and Westphalian; it was closed bv the Asturian phase
in the lale Stephanian. Between the Bretonian and Asturian phases structural
substages can be discriminated on the basis of orogenic subphases.

The upper Merevnian structural stage covers, according to
Maska (1961), the uppermost Carhoniferous and the Lower Permian. As this
slage is postorogenic and is represenled by the fillings of intramontane basins
of the llereynian mountain range, the deposits of the Upper Permian can also
be assigned to it Malkovsky 1974ab). On the basis of tectogenetic
criteria we believe that this stage in Meso-Europe also includes the Lower Trias-
sic in the facies of variegated sandstone. which lies on the Upper DPermian
without a distinet hiatus. In this Hercynian structural stage, which is characteriz-
ed by germanotype tectonics, there are in places manifestations of the Saalic
phase hetween the Middle and Upper Rotlicgendes and of the Pfalzian phase






Hereynian folding. Towsrds NW il passes inlo the Rhenohercyniecum (the Harz
Mts.}. In this region the lalest Hercynian phases were most intensive.

The erystalline complex of the Kruiné hory and Smréiny builds up a con-
pound anticlinal belt, which is divided transversely into several minor domes
and anticlines: the Smréiny Dome, Klinovee anticline, Médénec anticline, Hora
Svaté Katefiny Dome and others, The overall structure of the anticlinorium is
asymmeiric. The southern limb is steeper, and towards ENE primarily deeper,
more intensely metamorphosed units are exposed at the surface. The well
defined zonal structure has been studied by Skvor (1975, He divided the
upper struciure into two layers. The upper layer which corresponds to the
muscovile-chlorite zone, is characterized by steep folds, and by schistosity dif-
fering in strike from the original bedding. In the lower layer (biotite zone) there
is usually bedding cleavage. In the overall structure a slight undulation with a
slight curvature and amplilude of folds is perceptible.

The mica-schist part (under the conditions of the epidote-amphibolite facies
and amphibolite facies) is intensely folded. The folds show a great curvature and
small amplitudes.

The migmatile complexes are characterized by structures of cupola- to domal
shapes, whose development were completed by the ascent of underlying granitoid
bodies.

The differences in the tectonics of the lower, middle and upper zones are also
interpreted as structural discordances.

The linear structure of the western part of the region was studied by Ho-
lubeec (1966). The lineations (point of intersection of schistosity with cleavage,
preferred orientalion of micas and small folds) are usually parallel 1o fold axes
and generally trend E—W, with inchination 1o the W. Holubec presumed
on the basis of fabric analysis a structural discordance between the Cadomian
and HMercynian structures in the Smréiny Mts. above the Arzherg group, but
Skvor considers its existence as questionable,

Sporadic observations provide evidence of a very complicated structure, com-
prising, for example, recumbent folds in the lammeranterwiesenial limestone
quarry and blocks of Ordovician (?) phyllites directly overlying the higher-
metamorphosed basement near 1ermsdorf, Rehefeld and Vapenice. Nowadays,
they are mostly regarded as transgressive, having a different orientation of B-
axes than their basement,

The Lugicum makes up the north-eastern margin of the Bohemian Mas-
sif and of the Ilercynian orogenic belt in Europe in general. Consequently, it
shows some different features and a very complex struciure with the Pre-
cambrian basement and manifestations of the llercynian folding as well. The
oldest, Devonian phase is of primary importance. Stille (1951) assumed the
principal folding and final consolidation to he Caledonian. The unit, however,
is not a component of the Caledonian orogenic belt but, in our opinion, the

revival of tectonic activity (Chaloupsky 1967) and palaecgeographic
changes in the Early Palaeozoic were doubtless a repercussion of lhe origin of
the Caledonian orogenic belt in north-western Europe.

The Krkono#e-Jizerské hory crystalline complex displays an asymmeiric domal
structure with the Ilereynian pluton in the core. The views on the structure of
this unit are not unanimous. The alleged Caledonian nappe structure (Kodym,
Sen. - Svoboda 1948) has not been confirmed by recent invesiigation, but
an unconformily between the Upper Proterozoic and Ordovielan—Silurian units
has been substantiated. The Cadonian folding and metamorphism gave rise to
folds of N—S trend (Chaloupsky 1967), and the later {Caledomian aller
Chaloupsky (lLe), and Hercynian, after Chlupaeé 1964) reworking pro-
duced structures with axes predominantly of E—W strike.

The Orlické hory-Klodzko crystalline complex shows a well-deflined domal
structure. The core is forined ol the rocks of the Stronie Group and associated
orthogneisses. In the W it is rimmed by the Nové Mésto Group and in the E
by the Staré Mésio mica-schist belt. Fajst (1976) claimed a tectonic phase
belween the sedimentation of the Stronie Group and the Zabfeh Group but
Domeeka. Opletal did not find satisfactory evidence for its existence and regard
the boundary between the two units as tectonic. The Strénie Group is folded
isoclinally with folds overturned to the E. The fold structure of the Nové Mésto
Ciroup is relatively simple. wilh flat-lying megafolds whose axes irend E—W.
The principal NNE trend in the Staré Mésto mica-schist belt is parallel to the
Ramizova overthrusi.

The Moravo-Silesicum underwent a different pre-Devonian develop-
ment (the Upper Proterozoic basement was forming in a teclonically mobile
zone} and the Hereynian evolution as well (the Palaeozoic transgression probably
occurred ag late as the Silurian, the Devonian is of a typical geosynclinal
development. and the Hercynian folding of the alpine type). Dvo#ék (1968)
separated “Lthe Sudeticum” as an individual geotectonic unit, and ranged
to it those paris of Stille’s Movavo-Silesicum that belong to the Hercynian
structural laver. In this sense, “the Sudeticum” is a Hercynian unil, formed
predominantly of Devonian and Carboniferous rocks; it occurs at the eastern
margin of the Bohemian Massif and in the mantle of the Brno unit (Brunovistu-
Jicum).

The Moravicum builds up a strongly tectonically disturbed zone helween the
Moldanubicum and Brunovistulicam. whose original relation to both these units
was completely effaced, The limitation agamst the Moldanubicum is primarily
metamorphic (Chab - Suk 1977) but the metamorphic boundary  was
considerably influenced by tectonic movements. Suess’ opinion that the tectonic
and metamorphic processes in the Moravicum are of Herevnian age, being con-
nected with a vast overthrust of the Moldanubicum on the Moravicum has not
been accepled by the Czech authors. They think the Moravicum unetamorphites



to be pre-Devonian, probably Cadomian. and do not exclude the Caledonian
age either.

The Moravicum oceurs in the Svratka and the Dyje Domes, which extend to
Austria. The Dyje Dome is overlain by the Brno igneous massif, and the strongly
tectonized granile in the Svratka Dome bears relics of ils mantle. The iransgres-
sive Devonian locally preserved on the Svratka granite is divided into two
tectonic slices (Jarod - Misaf 1976). The Bily potok unit (Inner Phvllites)
sets on them teetonically, and is followed upwards by the intrusive hody of the
Bites Orthogneiss and the Vranov-Oleinice Formation (Quter Phyllites), The
boundary between the Bite§ Orthogneiss and the Bily potok unit is not tee-
tonie.

The Nedvédice unit (the Moravian mica-schist zone} in the basement is
primarily of a lower metamorphic grade than the Moldanubicum, and not ils
part altered by retrograde metamorphism.

The Moravicum shows two vergencies: the western, Cadomian or Caledonian
in age and the eastern, which is later and affecting the Devonian. The Molda-
nubicum/Moravicumn houndary is often followed by Jater faults of different
character and genesis,

The Silesicam has a similar teclonie position and structure as the Moravieum,
It makes up two principal anticlinoria, the Keprnik and the Desna Domes; they
are separaled by the geosvnelinal zone of Cervenohorské sedlo, which is a
significant gravity houndaryv. The overall vergency is to the E, and the very
intensive Hercynian reworking considerably obscures the earlier siructures.

In Lthe region of the Moravo-Silesicum {and “Sudeticum”) the Hercynian
teelonies affected most strongly the western part, i.e. the zone of Cervenohorské
sedlo. The overthrust of the rocks of the Keprnik Dome was accompanied by
a strong slicing (imbrication) of the Palaeozoic and its Proterozoic basement
(Misat 1960).

The intensity of deformation decreases to the ESE. From the apex of the
Desna Dome to the Sternberk-1orni Bene$ov zone (inclusive) the fold structures
are of western vergeney (with very few cxceptions). The westernmost parl re-
presented by the Vrbno zone, was affected by low-grade metamorphism and
very complex folding. Three deformation phases have been reliably discriminated
{Orel 1973); they occurred hefore the sedimentation of the upper Viséan
Mvoiak 1978a). The sizes ol [olds of phase 1 are of hundreds of metres to
kilometre order and their axes trend NNE—SSW and usually dip to the NNE.
Folds of phase 2 are coaxial with the preceding folds but only of dm to m
dimensions, with almost horizontal planes. The youngest phase is represented by
open folds of em to dm dimensions and with rounded crests; their axes strike
SW—NE and dip moderately to the NE at the apex of the Desna Dome, and
more steeply in the area of Palacozoic formations. The level of folds rises west-
wards,

The eastern part of the Nizky Jesenik {Oderské vrchy Hills) is characterized by
erturned folds of m- to km dimensions, with eastern vergency and easlern
snation of the fold level. The more easterly coal-bearing molasse of the
rava Group as far as the Orlova Fold shows a similar character of de-
sation. East of the Orlova Fold in the basement of the Flysch Carpathians
» Palaeozoic complex is no more folded.

The block of the Druhanska vrehovina Upland situated farther to the S i3
arated from the Palacozoic of the Jeseniky Mts. by the NW—-SE trending
st-like structure of the Upper Morava depression. The Konice-Mladeé anti-
tnorial zone (Devonian in limestone development) separates the westerly Bou-
' synclinorium filled with Lower Carboniferous greywackes and shales from
larger easterly synclinorium in the northern part of the Drahanska vrehovina
and.

The southernmost block of the Moravian Karst is folded less intensely (D v o -
k 1973); a stronger deformation is observed in places of ancient fault zomnes
he basement. which were active already during sedimentation (Dvoifdk et
1976). At the western margin of the Moravian Karst the folds and thrust
ts show a western vergency and in the eastern marginal part an eastern one.
both instances a strong axial-plane cleavage is locally developed. Devonian
estones between these zones are almost unalfected by folding.

ast of the Moravian Karst the Lower Carboniferous was not folded; it was
Mormed into two large Lule¢ and OlSany brachysynclines at the south-eastern
argin of the Drahanska vrchovina Upland.

The term Bohemicum was used by Malkovsky (1979) to denote
Assynlian structural layer. Proterozoic sediments of the Barrandian are foid-
in the NE—SW to NNE—SSW direction, i.e. diagonally to the fold axes in
Barrandian Palacczoic. The main syncline lies in the area of Lower Palaco-
#ic sediments and the anticline in the Tepla crystalline complex. The transverse
Jesky les eclevation bounds the Bohemicum in W. In the southern limb near
vle, folds of hundreds of melres to several km amplitudes and with medium
p of limbs and a small amount of transverse fractures are well traceable. In
er parls of the Barrandian the rock complexes are tectonically disturbed
1ore intenscly.

-Particularly strong transverse schislosity related with the Central Bohemian
Bture is developed in the “Islets zone” and the adjacent part of the Bar-
dian,

There is no evidence available for extensive nappe structure whose indications
ere described by Kody m, Sen. (1926), Jindfich (1960) and Pertold
961).

“Holubee (1973) differentiated the tectonic history into four stages: in the
w5t stage schistosity s, but no folds originated. Clasts became aligned. quartz
ains were re-oriented and minerals arranged linearly. Metamorphism and the



mam cryvsiallization occurred in the second stage,
developed.

and folds and schistosity
The original alignment was partly preserved. The third stage s
characterized by post-crystalline minor [aults and chevron folds. In the fourth
stage the fold structure was campleted; it appears Lo be the youngest although
1L was initiated in the sccond stage.

The Zelezné hory region is tectonically very leterogeneous. The P’rolerozoic
is divided into at least two sedimentary cycles separated by a hiatus and orogenic

It The platform cover of the Bohemian Massif is not fully developed because the
%Iassif was almosl continuously rising during ihe platformn history. Therefore it
- was for the most time dry land amidst the Mesozoic and Cenozoic seas or con-

g ﬁnentﬂl basins. [t was flooded partly by epicontinental sea only in the Late
Jurassm, T.ate Cretaceous and middle Miocene. Denudation during the Mesozoic
and partly the abrasion of Mesozoic seas gave rise to the flat surface forms (Ko -
“dym, Sen, 1963). The process of the rejuvenation of the relief of the Bohemian

phase, which was accompanied by low-grade metamorphism. It builds up the south- < " Massif f)egan at the onset of the Neogene, when its close neighbourghood, viz.

ern lunb of a complex syncline of WNW trend, in the northerly part of whish
there are Palueozoic complexes. The structure is strongly disrupted by sirike
faults, which caused substantially greater shifts in the Proterozoic members thun
in the Palacozoic complexes (Fig. 7.8), and brought the blocks of different clie-
mistry and metamorphic grades together, Under these conditions it is possible
that some ol the disconformitics recorded (Urban 1972) are in fact yvoungr
tectonic features (e.g. discordant folding or boudinage).

The tllinsko zonc is limited tectonically against the surrounding crystalline
complexes. Tt had been overthrust and the rocks are intensely mylonitized along
the thrust plane. The structure consists of N—8 trending, steeply inclined iso-
clinal folds with slight western vergency.

The structure of the Zabieh Group and its equivalents (Policka and Letovice
erysiatline complexes) is little known because of an exlensive cover. It has a
syvnelinorial structure of WNW sirike, being linked up with the structure of the
Barrandian Proterozole.

7.1.3 The Neoidic structural layer

The Neoidie structural layer — the platform cover of the Bohemian Massif — is
Malkovsky (1971b,e, et al, 1974, 1976a
discriminated in it besides Triassic (which are siill a genetic component of the
Hereynian structural layer) five structural stages of sediments. The oldest plai-
form stage (Upper Jurassic) corresponds to the platform development of the Wesi
Carpathian region {Roth 1977
taceous; compares with the prineipal folding in the Eastern Alps and in the

the uppermost struciural element.

The following structural stage {Upper Cre-

Carpathians, The middle stewciural stage (Palacogene) is distinguished by the
peneplanation of the Bohemian Massif. Sedimentation did not reach great thick-
nesses, mainly after a slight folding in the luner Klippen Belt of the West
Carpathians (Focene—Oligocene). A vounger siructural stage (lower and middl:
Miocene) was associated with Tolding in the Flvseh Belt of the West Carpathiaus.
The youngest structural stage (upper Miocene to Quaternary) represents the
development of the platform cover after the close of folding processes in the
West Carpathians,

‘the Flysch Bell of the West Carpathians was the site of folding. The mega-
-glevation uplift of the Bohemian Massif and its block disintegration was in-
“tensified in the Quaternary.

After the close of the Herevnian orogeny the Bohemian Massif became a con-
-golidated block. The platform cover, which was formed by impersistent se-
4”di'mentation of Middle and Upper Jurassic, Upper Cretaceous, Palacogene, Neo-
gene and Qualernary deposits, covers only parts of the Massif and is not of such
ﬂncknesus and regular development as are some other European large basins
‘on the platform. Nevertheless, il provides important evidence of the vertical
‘movements of the blocks of the Massif and their time correlation with folding
stages in the Alpine-Carpathian orogen, mainly in the West Carpathians,
" The tectogenesis of the platform cover of the Bohemian Massif can be divided
There are very scarce data on the function of major faults
Badenian; from the beginning of the

“into two periods.
"ﬂuring the period of the Mesozoic —curly
‘Badenian until the Recent vertical movements on ancient fanlts created its
- present-day geomorphological configuration. Most of the faults plotted in geo-
hglcal and tectonic maps functioned jn this period. However, we cannot conclude
fm'm this [inding that the first period was tectonically at rest. Extensive marine
“iransgression onto the Bohemion Massif in the Late Jurassic and Late Creta-
cous, the ascent of neovoleanic masses, chiefly at the beginning of the early

" Miocene, for which there are no aualogies in anv other epoch. give evidence

against 1t.

Sedimentation which had been inlerrupted between the Permian and Triassic
because of the Plalzian phase of the Iereyunian orogeny, was renewed in lhe
Early Triassic in north-eastern Bohemia, in the Intra-Sudetic basin and in the
eastern part of the Krkono#e-piedmont basin. The lower Triassic belongs to the
goutheastern part of the German-Polish basin. which was situated north of the
Vindelic landmass. The Vindelic landmass to the core of which also the Bo-
‘hemian Massif belonged, separated this basin with epicontinental marine and
continental development of the Triassic from the Alpine-Carpathian sedimentary
_area. The sedimenlaiion of the Lower Triassic was closed by the Montenegrin
lﬂlase, which alfected the southern parts of the Eastern Alps between the Early
and Middle Triassie.



The absence of younger Triassic and older Jurassic rock complexes indicates
a conlinuing upheaval of the Bohemian Massif due to isostatic movements. This
interval is a period of definitive consolidation of the Epihercynian platform.

At the time of late Kimmerian phases, the Callovian and early Malm phases
in particular, the north-eastern part of the Bohemian Massif was flooded by the
ocean in the late Callovian. As a result, a connection of the epicontinental sea
of the German-Polish basin with the Alpine-Carpathian geosyncline was realized.

The late Kimmerian Deister phase, which separated the Kimmeridgian from
the Portlandian, brought about the end of Jurassic sedimentation in these parts
of the Bohemian Massif. The movements on the Lusatian fault and faults of the
Blansko graben caused the subsidence of Jurassic sediments in blocks NE of
them, and thus also their preservation. In the other parts of the Massif, Jurassic
sediments of small thicknesses had succumbed to intense weathering and de-
nudation already before the Cenomanian transgression.

During this period of denudation vast nappe movements ocecurred in the
Central Alps induced by the Austro-Alpine and early Austrian phases in the
Early Cretaceous. They were responsible for the sinking of the Bohemian Mas-
sif: after the late Austrian phase at the Albian/Cenomanian boundary. its north-
eastern part submerged below the ocean Jevel in the middle and late Cenomanian,
[n the Late Cretaceous the emerged part of the Massif reached its minimwmn
extent.

The Late Cretaceous sea was most widespread in the middle Turonian, bul
towards the end of it and in the late Turomian the sea began shallowing or
receded altogether from various parts of the Massil.

In spite of this event, the sinking tendency in this part of the Beohemian
Massif was maintained until the Coniacian (except for several marginal sectors)
owing to the formation of nappes in the Centiral Carpathians and Limestonc
Alps in the late Turonian Mediterranean phase. Subsequently to orogenic pro-
cesses in the Alps (in the Early Cretaccous) and the Carpathians (in the Late
Crelaceous) the Bohemian Massif began again to rise. As a result of the llsede
phase, one of the group of the Subhercynian phases, marine sedimentation in
ihe Bohemian Massif was terminated between the carly and middle Santonian.

In the Palaeocene the peneplanation of the Massif coniinued, being accom-
panied by block disintegration of small intensity. It was a period of strong
waethering, which produced kaolinic residues in the Karlovy Vary area and
silicilication of the surficial layer of Upper Cretaceous sediments in the Mosl

area (Vachtl 1952), and in the Kadai (Kamarad - Malkovsky 1955), - §

Teplice Fencl-ZAaruba 1955}, Zatec and Podbofany areas (Malkovsky
1979),

Continental limnic sediments were deposited as late as the Late Palaeogene,
probably in the late Eocene to Oligocene (M alkovsky 1979). They are re-
presented by the Staré Sedlo Formation in the Sokolov basin and its equivalents

in the Podbofany area and the Ceské stFedohofi Mts. The Lipnice Formation in
the South Bohemian basins is thought to be of the same age. In the flysch bells
of the Alps and Carpathians sedimentation began again in the Eocene and Oli-
gocene. Whereas in the West Carpathians nappe movements began in the late
Palacocene, in the Northern Limestone Alps they occurred later, beiween the
Illyrian and Pyrenean phases of the Alpine orogeny. In case the Staré Sedlo
Formation is of late Eocene age, it had sedimented between these two phases,
if it is of Oligocene age, sedimentation occurred between the IHelvetian and
early Savian phases (M alkovsky 1979).

In north-western and northern Bohemia the basins at the foot of the Kruiné
hory Mts. and the Ceské stfedohofi Mts. were developing as tectonic blocks
between the Palaeogene and Neogene, after the early Savian phase. Intensive
volcanism was active within a zone extending through the whole Bohemian
Massif from NE to SW, and the Underlying complex of clays and sands se-
dimented during the Aquitanian {late Egerian) (Ctyroky - Fejfar-Holy
1964). During the late Savian phase between the Aquitanian (late Egerian) and
Burdigalian (Eggenburgian) when the Subsilesian unit of the West Carpathians
had been folded, the subsidence in the area of Krusné hory basins was tempo-
rarily interrupted and the Main coal seam was forming. The subsidence was
renewed here towards the end of the Burdigalian, after the latest Savian phase.
The Overlying complex in various facies developments sedimented in all Neo-
gene basins in northern Bohemia, including the Zitava basin exlending to Bo-
hemia near Hradek nad Nisou. Sedimentalion was brought to end between the
early Helvetian (Ottnangian) and late Helvetian (Karpatian) as a result of the
early Styrian phase of the Alpine orogeny.

Similarly as in the Late Cretaceous, the lermination of the lower Helvetian
(Ottnangian) sedimentalion in northern Bohemia was followed by subsidence
and by limnic sedimentation in the South Bohemian basins, i.e. after the early
Styrian phase. It is uncertain whether it had begun in the late Helvetian (Kar-
patian) but it certainly oceurred in the early Tortonian (this is the only instance
when it can be well correlated with the lower Badenian of central Paratethys).
At this time the fluvial-limnic Mydlovary Formation sedimented, showing iraces
of intermitient ingressions of the sea. Tectonic history of the South Bohemian
basins is identieal with the development of the Alpine and Carpathian foredeeps,
whence the lower Badenian transgression extended to south-eastern and southern
parts of the Bohemian Massil. Sedimentation ended in the latest Styrian phase
between the early and late Tortonian (Badenian} when the marginal nappes were
translated for the last time. The sea retreated from the foredeep, and the whole
Bohemian Massif in its present surface configuration became a landmass in the
late Bademan.

In the late Miocene and in the Pliocene no orogenic movements oeccurred
either in the Eastern Alps or in the Western Carpathians (M ahel’ 1974). The



development is characterized onlv by epeirogenctic movements and palacogeo-
graphical changes. Fluviatile and limnic sedimentation covered the region of the
Bohemian Massif.

Stratigraphically younger than the lower Badenian is the Domanin Formation
in southern Bohemia {(Ilehakova 1969 and its sandy equivalents such as
the Vrabeé Member (Ze bera 1967b). 1L rests on the sihicified surface of the
Mydlovary Formation (Lipnice, Borovany). Most authors agree that the Domanin
Formation may be of Sarmatian s.s5. age (see also Fejfar 1974). This opinion
15 also supporled by ahsolute age of meoldavites, which occur at the base of the
complex (moldavites of strewn field), The age was determined as 14.7£0.7 Ma
{(Gentner et al 1967).

From the palacogeographic view, the presence of the Sarmation s.s. In the
South Bohemian basins is not illogieal. With the Sarmatian are grouped the
fluviatile sediments not only in the Alpine foredeep in the Federal Rep. of
Germany and Austria but also in the Naab valley, where they are believed to
occur as far as north of Schwandorf (Tillmann 1964}, ie. al the same geo-
graphic latitude as the northern margin of the Seuth Bohemian basins near
Tiéhor. Sarmatian sedimenis also occur al places of the presumed discharge of
the South Bohemian basins into the Eggenburg area. not more than 90 km
distant. The distribution of the Sarmatian in the Vienna basin in Moravia also fits
in this palacogeographic pattern (Spid¢ka 1972),

The Pliocene, palasontologically not well defined so far, is known from the
Cheb basin (Vild$tejn Formation) and from the South Bohemian basins (Lede-
nice Formation), The oldest river terraces in the Ohfe valley and in the northern
course of the Vltava valley are indisputably of this age, oo, In Moravia, Plio-
cene sedimentation spread from the Vienna basin into the Carpathian [oredeey
and farther on to the Bohemian Massif along the tectonically predisposed Upper
Morava depression (Spidka 1972).

The Quaternary is characterized by intensive tectonic movements, by a pre-
dominance of uprising over subsidence, which gave rise to the marginal mountain
ranges (Kopeecky A. 1972, Malkovsky 1975).

The Mesozoic in the Bohemian Massif was, after the preceding Hercynian
orogeny, an cxplicitly anorogenic period, free of volcanism and with only fault-
tectonic manifestations, The Massif was an island rising above the level of the
world ocean and its extent changed depending on orogenic phases in the Alpine-
Carpathian region. During the Triassic and Jurassic the reverberations of the
unrest in the Fastern Alps affected the area of the Massif, and the Cretaceous
folding in the Alps and Carpathians obviously increased the loading of this block
outside its present-day surface limits and caused its general subsidence. Among
the faults originated at that time, there are e.g. the Lusatian fault, the Jilovice
fault and the Blansko graben (Triassic, Jurassic, Cretaceous), all of which are
parallel to the Krusné hory fault. The Mesozoic tectonic structures are character-

ized by elements of NW—5K trend: the remaining  strikes are of minor
impoertance.

In the Tertiary the Savian phases played an important role in the Bohemian
Massif, especially Lthe early Savian phase between the Palaeogene and Neogene,
when [urther movements of flysch nappes occurred in the Alps. Beginning with
the early Savian phasc the Bohemian Massif was again strongly uplifted as a
whole and the individual blocks were affected by differential movements. This
intensive block disintegration with great vertical movements on major faults,
accompanied by basic volcanism and genesis of a system of anticlines and
synelines in the Cretaceous of eastern Bohemia has continued in essential up to
date. In contrast to the Mesozoic tectonies, the most significant tectonic structures
of the Cenozoic are of SW—NE direction, corresponding to the younger
structural plan of the western sector of the Crzechoslovak Outer Carpathians.

Tectonic movements have conlinued in the lalest stage of the Neoidic 1ectonic
development. The tsolines of annual rates of the vertical compenent of recent
movements follow the pattern of the Neoidic block scheme.
~ The horizontal component of recent lectonic movements has been evidenced
by shifts of young relief forms — the drainage network along three fault zones
of NW—SI trend.

The shilt [rom the middle Pleistocene to the Recent is estimated from Lhe
size of sigmoids in river valleys at 6—10 km/630,000 years. Geodetic measure-
ment of this component indicates that the Carpathians move away from the
Bohemian Massil at a rale of 8—10 mm/year (Vysko &il P. - Zeman A.
1980}, which is in agreement with the tendency established geodetically in the
German Democratic Republic (Thurm et al. 1977). Two lines of hovizoutal
shift belween Brno and Mlada Boleslav show, in addilion to the shilts in the
drainage pattern, a widening of the Boskoviee Furrow from average 6 km to
41 —18 kin. The structures located between the lines of horizontal shift in the
eastern part of the Labe-Svratka block beneath the Cretaceous show indications
of rotation (mentioned byPokorny-Sfoviékova 1980). These rotational
structures are partly identifiable on satellite images.

7.2 Tectonic development of the West
Carpathians on the Moravian territory

In the castern part of the Czech Soc. Republic, in Moravia, the Western Carpa-
thians are represented by the Carpathian foredeep and the Flysch Belt (parl of
the Quter Carpathian allochthon), on which the northern (Moravian) part of the
Vienna basin is located.



The principal tectonic elements of the Bohemian Massif submerge from NW
to SE into the deep structure of these units. Their extension beneath the Outer
Carpathians can be followed reliably on the basis of the gravity and magnetic ficlds
up to the axis of the gravity low, siretching from the Vienna area in Austria to
Hodonin. Valaiské Klobouky and farther towards Kysucké Nové Mesto and
Namestovo in Slovakia, and then to Poland (Roth 1957, 1980, Ibrmajer-
-Dolezal 1959, Dlabaé¢ - Mend&ik 1964). This part of the deep
structure belongs to the platform block of the foredeeps in Moravia (Roth
1964). It is separaled from the exposed Bohemian Massif proper by the Neo-
alpine fauli-flexural margin of the foredeep, which broadly [ollows the line con-
neeting Znojmo—Vyskov—Hranice and Ostrava (Dlaba¢ - Menéik 1964}

7.2.1 The basement of the West Carpathians in Moravia

The block of the Moravian foredeep comprises the structural units con-
solidated in the Asturian phase of the Hercynian orogeny, which are closely
linked with the exposed part of the Bohemian Massif and experienced a comimon
development with it still in the Palaeozoic. The crystalline basement belongs to
the Brno unit — the Brunovistulicum. The Palaeozoic, which begins prevalently
with the Devonian transgression, is a constituent part of the Sudeticum. During
the Mesozoic, the block of the Moravian foredeeps was, as part of the West
European platform, flooded by the sea showing relations to both the
Alpine-Carpathian geosyncline and the epicontinental platform. The spatial
distribution of Mesozoic sediments on the Epihercynian platform in the block of
the Moravian foredeeps attests to the influence of the NW—SE tectonic trends
on their palaeotectonic position (R ot h 1957, 1960, 1980).

In southern Moravia (and the adjacent part of Austria) up to 2000 m thick
I.iassic—Tithonian sediments have been preserved in the sandy, carbonate and car-
bonate-pelitic facies (E114§ 1979). This Jurassic complex crops out at the surface
only in the ncighbourhood of Brno (Oxfordian—Kimmeridgian carbonates) and
Olomuéany {Callovian—Lower Malm). Younger Mesozoic sediments have not been
preserved, Transgressive Albian calcareous breccia lying directly on crystalline
rocks has been found near Brno on a very small area (Krystek - Samuel
1979}, The major part of the Jurassic basin is buried by the foredeep and the
overthrust Outer Carpathian nappes. It is composed of Liassic—Tithonian se-
dimenls, partly covered transgressively by Campanian—Maastrichtian marly
facies {Rehanek 1978). The extension of the Jurassic basin from the NW to
SE into the basement of the Outer Carpathians is indicated by the allochthonous
position of the klippen of the Tithonian limestones in the Pavlovské vrehy Hills,
in front of the Zdanice unit. Their upper Turonian sedimentary mantle still

demonstrates a palacogeographic relationship to the Cretaceous of the Bohemian
Massif.

In northern Moravia the Epihercynian platform was flooded oniy by the
Upper Cretaceous sea. Denudation remnants of glauconitic sandstones and conglo-
merates with Exogyra columba Lam. beneath the Quter Carpathian nappes near
Oldfichovice and beneath the Miocene in the Opava are of early Senonian (the
latter of the carliest Senonian) age; their development is similar to that of the
Upper Cretaceous in northern Bohemia (Petrascheck 1928, Roth et al.
1962, et op. cit.).

Except for this Mesozoic sedimentary mantle, the Hercynides of the block of
Moravian foredeeps in the part adjacent to the Bohemian Massif remained dry
land until the initiation of the Oligo—Miocene foredeep.

There are no reliable data available on the preservation and nature of the
autochthonous sedimentary envelope of the Hercynides in the inner parts of
this block. Some authors admit the existence of the Mesozoic (mainly Jurassic)
envelope series (Dlabaé - Menéik 1964) or of “light sedimentary mas-
ses” saturated with fluids, as e.g. old molassoid sediments of the deep part of
the foredeep (Tomek - Svancara - Budik 1979). From the analysis of
the amplitude of the overthrust of the Subsilesian unit and from the stratigraphic
assignement of clasts in its sediments, Roth et al. (1962} and Roth (1980)
do not exclude that the outer part of the Subsilesian sedimentary area might
have originally extended on the part of the Epihercynian platform that lies at
present NV of the gravity minimum.

The final pre-Tertiary structure of the block of Moravian foredeeps in the
region linked with the Bohemian Massif is divided into three transverse seg-
ments. In the South Moravian segment the Dyje and Brno plutons and the
preserved folded Palaeozoie (Devonian—Upper Carboniferous) complex are
overlain wilth extensive Mesozoic sedimentary cover (Jurassic, Upper Cretaceous;.
The Central Moravian segment is characterized by the ascent of granitoids in
the Zdanice-Chiiby elevation from beneath the Palaeozoic of the Drahanska
vysodina Upland, and of granitoids with ultrabasite bodies mantled with epizonal
phyllites in the transverse horst of the Upper Morava depression. The North Mo-
ravian segment Is distinguished by Palaeozoic sediments of a large extent,
including the Upper Carboniferous filling of the Upper Silesian coal basin ex-
tending to Czechoslovakia. The crystalline basement of the Palaeozoic is built
up of paragneisses and migmatites with sporadic granitoid intrusions.

7.2.2 The Flysch Belt (Quter-Carpathian allochthon)

In the geotectonic history of the Outer Carpathians the bloek of Moravian
foredeeps formed the primary Palaco-alpine foreland bordering the area of the
Outer Carpathian geosynclinal system (see also Roth 1980).



The modern opinions on its palueogeographic and palaeotectonic configuration
and the degree of its preservalion in the present-day structure are based on dif-
ferent geological and geophysical criteria (Andrusov 1958 1959, 1968,
Buday etal 1961, 1967, Il oth 1980). The tectonically reduced or subduei-
ed parts of Lthe outer Carpathian geosyncline of the Flysch Carpathians in the
Moravo-Silesian region may be assumed lo extend from the axis of gravily low
(Namestovo line in the sense of Andrusov lLec) south-casiwards to the
Peripienmian hneament or into the deep basement of the Central Carpathian
structure (Roth 1930 ct op. cit., Roth-Le&ko 1974, 1975).

The analysis of clasts of flysch sediments gives evidence that the basement of
the predouminant part of the Outer Carpathian geosynelinal sysiem was the re-
mobilized Epihercynian platform composed of plutonites, Cadomian crystalline
complex and Devonian—Upper Carboniferous sediments. Only the Bilé Karpaty
unit, on account of its post-Palaeogene structural-tectonic eonjunetion with the
Klippen Belt, shows that the inner part of the Magura Ilyseh sedimented on the
Central Carpathian basement reworked by Palaco-alpine orogeny (Andrusov
1930, Matéjka 1936, et seq.).

The diversity in the development of the Outer Carpathian geosyncelinal system
1s manifested first in the relationship of the Jurassic and Lower Cretaceous se-
diments to the overlying beds. This sedimentation occurred continuously from
the yvounger flysch only in the Silesian unit {Beskvdy trough — graben, Roth
1930). In the remaining units the Jurassic—Lower Cretaceous sediments are
found either in redeposited clasts (or olistostromes) or klippes, Their lithofacies
development indicates that the palacogeographical conditions were independent
of the [ollowing developtient of the Upper Crelaceous o Palaeogene flysch fil-
ling. The facies development was most strongly differentiated, in dependence on
the palaeotectonie history of the existing nappe units, in the late Senonian. At
the beginning of the Palaeocene, the development concentrated into two princip-
al palaeogeographical areas, which correspond to the Menililie-Krosno group of
flvsch units and the Magura flysch group.

In the Outer Carpathian geosynclinal system, the sedimentary areas were
gradually rejuvenated towards their exlernal 'margin. In the units of the Magura
Flysch the stratigraphic range of the voungest sequence involves the upper
FEocene—{? lower) Oligocenc. Sedimenlation in the Zdiniee-Subsilesian unit
ends in the Subsilesian part with the (? lower) Oligocene, and in the Zdanice
part it continued above the Menilitic Formation until the Egerian. Only in the
Pouzdfany unit the stratal sequence also conlains the lower Miocene, affected by
alpinotype tectonies (Stranik-Moleikova 1980).

These condilions suggest a progressive folding of the outer Carpathian geo-
svneline, The older forms of folding can only be delimited as areas of de-
nudation according 1o stratigraphic hialuses or lermination of sedimentation in
single tectonic zones (R oth 1930). Only the younger forms of folding of the

Outer Carpathians (in the old and young Styrian phasesi permit to define the
structural boundary between the outer Carpathian allochthon of nappes and their
autochthonous foreland (Roth-Le$ko 1974).

" The carlier forms of folding [rom the (?) Pyrenean phase are exhibited as
redeposition of rocks of the denuded front of the Magura flysch into the conglo-
merates of the Zdanice-Hustopede Formation. The pre-Miocene folding [orms
(? Helvetian—Savian phases) arc preserved owing to the transgression and un-
conformable deposition of the Eggenburgian and Ottnangian onto the folded
Magura flysch (the Raga and Bilé Karpaty units). at the margin and benecath the
Vienna basin. In southern Moravia a moderate angular unconformity separates
the denudation remnants of the lower Miocene-Karpalian in the southern part
of the Hustopetska pahorkatina 1lills from the folded basement formed by the
Zdanice unit (personal communication of 7. Stranik).

"“The nappe movements of the Styrian phase showed themselves in Moravia
in all units of the Ouwter Carpathians by the overthrust on the Oligo-Miocene
l'i'I:Iing of the Outer Carpathian foredeep. The intensity of the old Styrian
horizontal movements increases from SW to NI along the Carpathian are, which
was accmnpanied in lectonic hodies by rotation of the original sedimentary
fitling of the 'Outer Carpathian foredeep. The intensity of the old Styrian
aiid Silesian units, including the frontal anticlinorium of the Magura nappe (the
aéa unit). From Hranice towards the NE continues the subhorizontal overthrust
(in late Styrian phase) over the inner margin of the lower Badenian {oredeep.
Tt has been also established in the Subsilesian, Silesian, Fore-Magura units and
thé frontal zone of the Magura unit. The old Styrian nappe forms (in the Sub-
silesian and Silesian units) began to be destructed hy “a two-phase movement uf
tiis nappe svsteit T'he differentiation of the Silesian unit into the Té&in V'and
Godula nappds (Menetik 196H; 1973, dragging of parautochthonous Karpatian
slices inlo the nappe struciure, and the covering of denudation remnants ‘Of the
éarly Styrian nappe fronts by the lower Badenian (Jurkova 1967, 1976)
were olher results of this event. In the core of the late Styrian Godula nappe
there are conserved elements of the earlier folding, differing in direction from
the late Stvrian movement of nappes in the foreland (Men éik 1979).

" The resulting structure of the Flyseh Carpathians in Moravia consists of thrust
nappes Lranslated far [rom their root zone. Their inlernal structure is controlled
by dilferent competence of rocks, different maturity of tectonie style (Roth
1982 and by the total thickness of the nappe body depending on the depth of
the autochthonous basement. All the units of the Menilitie-Krosno group,
ineluding: the frontal Rada anticlinorium in the Magura nappe, whose autochthon-
ous bascment rises nearer to the surface, are therefore distinguished by flat, plaly
bodies. With the increasing thickness of the Magura nappe (the Rada and Bysiri-
ca uniis) the inner struclure of the nappes becomes steeper and is accompanied
by the formation of a system of elongated anticlinal and synelinorial zones. The



overthrust of the Bystrica unit on the Raéa unit is also sleep. The Bilé Karpaty
unit with the Klippen Belt incorporated in post-Palaeogene times has a shape of
flat plate body at least in the marginal part.

The total amplitude of the nappe overthrust on the foreland is about 20—30
km, as evidenced by deep borings. With regard to the position of the interior
margin of the block of Moravian foredeeps, which is indicated by the axis of
gravily low, it amounts al least to 50 km.

7.2.3 The Carpathian foredeep

Depending on the progressive folding of nappes the area of final sedimentation
of the Outer Carpathians moved into the Oligo-Miocene foredeep. The oldest
sedimentary group comprises the Oligocene filling of the Nesvacilka and Vrano-
vice troughs, which Picha (1968) and Picha-Hanzlikova - Cahe-
lova (1978) consider to be the filling of submarine canyons extending to the
exposed margin of the Bohemian Massif. The lower Miocene sedimentation (Eg-
genburgian, Ottnangian) was concentrated to the South Moravian segment of
the block of Moravian foredeeps. The relics of lower Miocene sediments on the
Zdanice unit points to the palacogeographic connection of the foredeep with the
lower Miocene of the present Vienna basin. The palacogeographic position of the
occurrences of lower Miocene on Jaklovec and in the Dé&tmarovice Furrow in
northern Moravia is not clear.

Longitudinal foredeeps following the margin of the developing nappe structure
of the Flysch Carpathians, came into being only in the Karpatian and early
Badenian, The sedimentary Karpatian filling occupies the interior partial basin
in the foredeep, and the lower Badenian partial basin is situated at the external
margin of the foredeep. Under the influence of the late Styrian folding the Mio-
cene foredeep was translated into the foreland. The filling also contains se-
diments of upper Badenian in the Opava area, the foredeep of which occurred
on the ierritory of Poland.

In relation to the foredeep in Austria and Poland, the foredeep in Moravia
was of embryonic character, as concerns both the extent and thickness of se-
diments. Their maximum thickness of ahout 1000 m was attained in the Ostra-
va area In early Badenian.

During the Neoalpine history, when the nappes were overthrust and foredeeps
initiated, the block of the Moravo-Silesian foredeeps had become a lower
structural layer; the pre-Tertiary relief of its structure and the newly differentiat-
ed depth position were only secondarily modified. The dominant elements of
the new longitudinal and transverse structural forms are the longitudinal ones,
which created the relief of the basement of the lower Badenian foredeep {Dét-
marovice Furrow — Ostrava-Karvina ridge, the central lower Badenian depres-

sion including the Bludovice Furrow in the Ostrava area - and the Slavkov-
Tésin ridge, which limits the lower Badenian foredeep on the inner side). In
contrast, the Karpatian basin does not show any regionally marked parts and
its margin is not known reliably everywhere. It is probable that in general it
does not exceed the morphotectonic step which divided the Epihercynian plat-
form longitudinally into a deep and a shallower part. In the surficial structure,
this step is copied by the frontal anticlinorium of the Magura nappe. The ancient
surface of the Epihercynian platform plunges from its interior margin towards
the main gravity low to depths of 5—12 km.

It is unknown to what extent the alpinolype nappe movement had affected
the ancient structure of the block. Roth (1980} presumes that it had been
secondarily incorporated into the Quter Carpathian nappes in the deep part
adjacent to the gravity low. In the shallow part the translation of nappes caused
only truncation and tearing off of minor surface blocks, which were then dragged
as klippes along the base of the main overthrust surfaces (Krasna-1, Celadna
SV-6 boreholes, see Roth 1980, Jurkova 1981).

7.2.4 The Vienna Basin

The Vienna Basin is an interior molasse basin formed in the structural elements
of the Outer and Central Carpathians, affected by alpinotype folding. The
Moravian part of the Vienna Basin is beneath the Neogene complex built up
chiefly of the Magura group of Outer Carpathian nappes. The stratal sequence
of the sedimentary filling begins with the lower Miocene (Eggenburgian,
Ottnangian) to Pliocene in the marine, brackish to fresh-water facies with lignite
seams.,

Palaeogeographic extent of the lower Miocene and partly also of the Karpatian
differed from the modern shape of the basin, which began to develop during the
Badenian. The gradual filling of the basin during the Miocene, the individual
transgressions, regressions, hiatuses, angular unconformities and disconformities
reflect the single orogenic phases, which took part in the development and
forming of the Outer Carpathian system in Moravia (Buday et al. 1969}
In Moravia the lower Miocene attained the greatest thickness in the Luzice
depression, and the Badenian, Sarmatian and Pliocene sedimentation in the
central Moravian depression. This evolution was affected by synsedimentary and
postsedimentary radial tectonics. It formed the principal structural elements of
the Vienna basin, such as the Rakvice block, central Moravian depression, the
Hodo_nin-Gbely horst to the SE of it, and the Hradi$té graben extending to the
NE. This is one of the youngest parts of the Vienna basin, which were flooded
as late as the Sarmatian and Pliocene, In the N, the Hradi$té graben is separated
by the Napajedla gap from the fresh-water Plio-Pleistocene filling of the Upper
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Morava depression, which closes the genelic cycle of sedimentation in super-
imposed basing o Moravia.

One of the most important elements of radial tectonics in the Moravian part
ol the Vienna basin is the systean of Steinberk-Stralenberk faults at the north-
western margin. The buried continuation of the Outer Carpathian nappes and
their autochthon of the South Moravian segment of the Hercynides with the
Mesozoic sedimentary mautle sink deep into the Neogeue basement along them,

7.3 Opinions on the global causes
of the origin and differentiation
of the tectonic units

The introduction of the global tectonic theory led to a wide differentiation of
opiniens on the origin of the geotectonic unils.

7.3.1 The geosynclinal model

The geosynelinal model is still currently applied to the explanation of the de-
velopment of the Ilercynides in both the Bohemian Massif and the West
Carpathians. ‘

The geosynelinal model for the Central European Hercynides was elaborated
by Stille (1949, 1951) and Aubouin -(1963). Aceording to this concept,
towards Lthe end of the Devonian a cordillera had developed in Central Europe,
forming the axial zone of divergence (Stille’s “Alleman threshold”). Tn the Bo-
hemian Massif it is represented by the Precambrian Moldanubian zone with the
Cambro-Devonian mantle (Barrandides). This median mass also comprises the
Moravieum and Lugicum, in which the Moldanubian zone terminates. In this
sense the Moravieum has its equivalent in the Arvenian-Vosgesian Massif, where
the overthrust of the Cevennes is equivalent to the contact between the Moldanu-
bicum and Moravicum. Towards the north. the Moldanubian zone is thrust over
the Saxothuringian zone which. beyond the Bohemian Massif, is linked to the
Rhenohereynian zoue and the zone of Ilercynian foredeeps. The activity of the
Hereynian orogen occurred with inereasing delay towards the north to appear
in the northernmost part as late as the end of the Carhoniferous. The metamor-
phic gradient and intensity of granitic plutonism also decline rapidly lowards
the northerly zones,

This model is a basis on which most of other interpretations have heen de-
veloped, for example, the theory of Thiele (1971) who, however, regards
also some parts of the Moldanubicum as Extermides, or of Dvotak - Pa-

proth (1969}, who claim the termination of the Hercynian orogenie zones to
be at the lectonic boundary of the East European platform. Inside the Bohemian
Massif they delimited the Moldanubjan zone (Lo which they range all Precambrian
units of the Bohemian Massif), Saxothuringicmin, Barrandium. Sudeticum and
Lugosudetictuimn {as intervening between the Labe and (Odra lineaments) compris-
ing both Precambrian and Palaeozoic structures.

The Saxothuringicum and Barrandium occur as inner stationary 'minor geo-
synclines {without polarity — Aubouin 1963) within the Hercynian median
mass, and end on the Labe lineament. In addition to the lack of polarity, a great
thickness ol the Lower Palacozoic (including Silurian) and rudimentary develop-
menl of the Devonian and Carboniferous, compared with the Rhenchercynicum
and Sudeticum, are typical of these units. A foredeep filled with molasse is also
absent (Dvoiak 1968}, The Saxothuringicnm and Barrandium have a si-
milar development as the NW—SE trending geosyuclinal furrow beiween the
Labe and Odra lineanents (Lausitzer Schicfergebirge. and olhers).

The Rhenohercynicum (NW of the Bohemian Massif) and the Sudeticum are
uniaxially symmetrical exlernal geosynclines, which border on the Hercynian
forelands {the Netherland platform in the NW and the pre-Carpathian platform
in the SE}). They have a prominent complete polarity and their outer part is
rimmed by a foredeep filled with coal-bearing molasse. The polarity is gradual-
ly disappearing towards the SSWV in the transverse blocks.

In the NE the Hercynian orogenic belt is terminated by the Odra lineament
Dvorak 1968, 19734, 1981). From this lineament the mobile margin. of the
East European platform with predominantly platform development - of the
Devonian and Carboniferous extends up to the Tornquist line. Between the Luby
depression and the southern neighbourhood of Riigen there is a dilatational rift
structure. filled with the Devonian platform sediments and coal-bearing Car-
boniferous. It runs parallel to the Donelz aulacogen. At that time it probablly
was an aulacogen or imtiating rift structure. The SW vergency of most Her-
eynian structures located along (or between) the Odra and T.abe lineaments
provides evidence that the NW—S8E trending marginal structures of the East
European platform were thrust to the SW on the Hereynian orogen.

In the transverse S8W-trending Dblocks of the Sudeticum and Rhenolerey-
nicum, where miogeosynelinal (carbonate) development of the pre-flysch
formations predominantes, the flvsch is devecloped only rudimentarily, The
molasse formation, however, sels on sooner and is often of a great thickness
(e.g. upper Viséan conglomerates of the Drahanska vrchovina Upland are up to
3000 1n thick and contain pebbles of Moldanubian rocks as much as 2 m in size).
The pebbles prove that at that time the Moldanubicum already suffered ler-
cvnian metamorphism.

The lale stage of the llercynian orogeny (Westphalian—DPermian, in places
from the late Viséan) is characierized by the formation of intermontane depres-



sions, which were gradually filled with terrestrial, locally coal-bearing molasse
(Holub-Skoéek-Tasler 1975).

The fundamental problem of all these interpretations is the mode of terminat-
jon of the Hereynian orogenic zone at the north-eastern margin of the Bohemian

7.3 Correlation of European Hercynides and North American Appala-
chides, Situation before the opening of the Atlantic in the Jurassic (I,
Krause - M, Pilger 1977) .

I — Hercynian geosynclines; 2 — margin of interior Hercynides; 3 —
trends of folding; 4 — Subhercynian coal-bearing foredeeps and shell areas
with coal deposits

Massil. Stille (1951) assumes an axial wedging out, but other authors, who
issue from Kossmat’ s original hypothesis explain it by arcuate hending and
convergent structure of the belt. But this concept is at variance with the
structure of the Lugicum and therefore Aubouin (1965) and Dvoidk
{1973a, 1975a) claim a tectonic termination on the Odra lineament and a dis
vergent structure of the Hercynides in the Bohemian Massif.

7.4 Hypothetical configuration
of the Central European Palaco-
zoic sea region (J. Chab 1975).
Dotted lines denote intraplatform
rift (on platforms also aulacogen)
systems (unlimited) and systems developed into half-opened marine areas {limited). The sea
was closing by rotation of Central European plate relative to Fennosarmatian plate in clock-
wise direction, Modern meridional system is plotted

B — Berlin, L — London, P — Prague, Pa — Paris, W — Warsaw

7.3.2 'The subduction model

Several subduction models have been elaborated for the explanation of the
zonal structure of the Hercynian and Cadomian orogens in Central Europe. The
subduction zenes are placed in different places and different time intervals.
The collision subduction sutures of the Precambrian (Cadomian) development
stage can be traced, according to some views, in the Bohemian Massif itself.
This idea is based on the fact that several rock masses show a character cor-
responding to the oceanie crust: for example, the Marianské Lézné complex
(after Chab 1975), the Proterozoic volcanism of the Barrandian (according to
Fiala 1978 and Jakes 1978), or the Moravo-Silesian ophiolite belt (after
Misai 1974). In this case, the collision suture is identified with the “Peri-
moldanubian lineament” which, according to Zoubek and Vyskoéil, separates
the Moldanubian zone from the Brioverian—Barrandian zone in the north.
According to Chab {(1979), the Central European segment of the Upper
Proterozoic—Cambrian tectogen may be interpreted in terms of a double beit



divided by a crustal block of continental type: the northern belt is incorporated
into the central collision zone of the Herevnides. and the southern belt extends
along the inner margin of the Moldanubicum towards the NE. The suturation
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7.5 Hypothetical collision of three .continents in the area of European Hercynides (ac-
cording to J. P. Bard et al. 1980}

I — margins of continents; 2 — overthrusts 3 — sutures. presumed; £ — basic and ulirabasic
rocks: 3 — Central European Herevnide continent (Bi: # — North European continent (€3
A — South European continent

in the present-day central pari of the Bohemian Massil was the most impertant
process, ' o

Beranek et al. (1984) presume the exisience of the collision zone of con-
tinentcontinent type at the boundary between the Bohemian Massif and Bruno-
vistulicum, They explain the so-called Moldanubian overthrust, the character
of the Moravicum, the accumulation of metavoleanites and ultrabasites at the
eastern margin of the Moldanubicum. and the anomalous supraecustal structure
in this area by the collision and subthrusting of the Brunovistulicurm beneath
the Moldanubieumm towards the end of the Precambrian history.

In the Palaeozoic the existence of a North European and a South European
continent is assumed. In the intervening subduction rzone the belt of European
Hercynides originated. According to LLaurent (1972) an Johnson (1973}
the Saxothuringicum {considered to be Lower Palacozoic oceanic crusl) descend-
ed beneuth the North European continenl in the present Rhenchereynicum,

when the hypothetical Devonian—-Carboniferous ocean was closed as a result of
the collision of the two continental plates. There is of course neither palaeogco-
graphic nor palaeontological evidence available for the existence ol this ocean.

Burret-Griffiths {1977) place the Hereynian suture with subduction
in the Lizzard massif in southern England, in the southern part of the Rheini-
sches Schiefergebirge and the southern part of the Harz. The Bohemian Massif
would be in this case a component of the southern European continent and thus
a projeclion of Gondwana (Scatese et al. 1979), The collision zone of con-
tinent/continent type is also presumed to have existed south of the Moldanubian
zone in the Armorican massif and the Massil Central francais, in which sub-
duction may have occurred in the Devenian (Laurent 1972, Nicolas
1972). This collision zone cannol be proved in the Bohemian Massif either and
the Cambro-Silurian ocean would have been of a very small size (Dorn-
siepen - Zwart 1980). On an analogous basis Bard et al. (1980) dif-
ferentiated two sutures in Lthe European Ilercynides, which separated three
continents: the Iberian-South Eurcpean, Meso-Kuropean {which includes, among
other massifs, the Moldanubicum, Barrandian and the western parl of the Lu-
gicum), and the North European (I1ig. 7.5). Thesc continents were in the mitial
phase — from the Ordovician to the Viséan — separated by two oceans, The
sutures were closed in the Viséan.

These interprelations. however, do not agree with the distribution ol the
Herevnian magmatites and with their inlracontinental character within the
whole range from southern England o the Bolemian Massif (Krebs - Wa-
chendorf 1973), and with the tectonic-metamorphic zoning of the llereynian
orogenic bell.

Grecula and Roth (1978) presume the exisience of a subduction suture
al Lhe boundary between the Brunovistulicum and the West Carpathians along
the Breclav—Zilina connecting line, It is thought to have formed by the sub-
duction of the southern margin of the North Furopean Platform beneath the
Carpathian—Pannonian microcontinent during the folding of the Ower € r-
pathians. ITn the opinion of the above authors. the geophysical pattern of the
structure of the upper parl of erust and the distribution of andesite voleanism in
Slovaekia lend support o this hyvpothesis.

From the global viewpoint., however. the evolution of Central Europe may
have been influenced above all by the relalionships between the fundamental
stable blocks (plates) — the Scandinavian {Scandinavia—North America, Lau-
rasiaj and Alrican (Gondwanal. They induced the formation of Palaco-, Meso-,
and Neo-Europe, which implies the origin and course of the Cadomian, Ca-
ledonian, Iercynian, and Alpine orogenie belis in Central Europe. The global
teelonie style of the Cadomides and llerevnides, however, must have differed
essentially from that of the Circumpacific belt, which is a model for plate

lertonies.



7.3.3 The subfluence meodel

Since the evidence for the existence of the oceanic crust in Central Europe is not
convincing and the tectonics of the Hercynides is characterized rather by vertical
movements {e.g. diapiric gnciss cupolas) Krebs - Wachendorf (1973),
Weber (1978 and Behr (1978, 19230} have elaborated a subfluence model
for the development of the Hercynides. According to these authors. the whole
process was caused by the subduction of the lithospheric mantle beneath the
continental crust (this is termed A-subduction, Ampferer’s subd.). Whereas B-
subduction (Benioff’s subd.} implies subduction of the oceanic crust, A-sub-
duction provokes at depth an extensive subhorizontal transport of progressively
higher and higher layers. In these, regional shear zones develop and are uplifted,

7.6 Arrangement of subfluence zones {A—F) and directions in Central European erystal-
line system during the Late Proterozoic 1o Early Carboniferous (H. I. Behr 1%78)

I — Rhenchereynicum, I1 — Saxothuringicum, 1II — Lugicum, IV — Tepla-Barrandian
region, V — Moldanubicum, VI — Moravo-Silesicum; I — axis of presumed asthenolith, 2 —
Moravicum —Moldanubicum boundary, 3 — mylonite zones, 4 - major deep faults parallel
to the margin of European Platform, 5 — granulites and orthogneisses

andl folding of supracrustal type occurs in them even at higher levels. According
to Behr (1978) there are eight such zones in the Bohemian Massif, distin-
guished by granulite oceurrences, (Zeman J. 1980 and Vrana 1979 also
believe the granulite belts in the Bohemian Massif 1o be indications of deep

v

taults. along which the granulites, regarded as typical products of subfluence
supracrustal processes, had been uplifted from depth, Fig. 7.6.)

The subfluence model was applied to the Hercynides by Dvotak (1980).
In his opinion, the pressure gradient was caused by the movement of the two
Ilercynide forelands against each other. In the most mobile sectors at the
contact with earlier consolidated core of the developing median mass, external
rapidly sinking geosynclines were forming. The subsidence gave rise to an
extensive system of heat convection.

In the pre-Flysch stage general subsidence predominated, being accompanied
by effusions of the spilile-keratophyre formation and by sedimentation of an
up to 1000 m thick reef complex. Once the total compression had attained higher
intensity, differentiated movements at the median mass/geosyncline boundary
began: the blocks at the periphery of ihe median mass rose rapidly and the
adjacent zone of maximum subsidence was sinking. At this time the flysch
formation originated and, in result of a steep thermal gradient (in the median
mass up o 250° per 1 km), the Variscan granitoids penetrated into the rising
blocks of the median mass. Volcanic-plutonic formations were produced. The
producis of terrestrial subsequent intermediate to aecid volcanism were rapidly
destructed by denudation and the fragments and pebbles of this material got
together with wuffites into the flysch formation. Ils amount increases steadily
upwards, being the largest during the deposition of coal-bearing molasse.

The granite layer of the earth’s crust beneath the rapidly sinking zones of
maximum subsidence of geosynclines was melting due to the steep thermal
gradient. The migration of melt beneath the rising blocks of the Hercynian
median mass cansed in some hlocks large intrusions of light granitoids and an
increase In the thickness of the crust, especially of the granite layer. The blocks
consolidated by granitoid massils were in their following history alwayvs in an
elevated position in contrast to blocks which had not been markedly consolidai-
ed towards the end of the Protervzoic. Therefore, they do not contain major in-
trusions of Hercynian granitoids and from the Cambrian to the Tertiary they had
rather a sinking tendency (higher mobility, e.g. the Tepla-Barrandian block). Ac-
cording to J. Dvoidk the “Ampferer’s subduction” need not be postulated.

The zones of maximum subsidence, being filled with flysch sediments migrat-
ed fromn the median mass to the foreland at an increasing rate, consistently with
acceleraled deposition of clastic malerial (Famennian—Namurian — Dvofak
1975b).

The deformational wave migrated parallel with the zones of maximum sub-
sidence, In the late Viséan the innermost zone of the previous geosyncline was
at least deformed and metamorphiosed. It was rising and became the main soures
ol elastic material for the voungest zenes of maximum subsidence to be filled
with flyvsch sediments (Dvotfak 19784).



7.3.4 The block model

The concept of block stracture found favour with many geologists. Tt assumes
the Bohemian Massif to he an independent block of continental crust, which
was divided by deep faults (“lineaments”) inlo a mosaic of blocks which have
undergone a more or less autonomous development. However, the deep faults,
their significance and the characterization of an independent development of
the blocks are not easv to interpret. Basieally, there exist three concepts of the
block structure of Lhe Bohemian Massif, i.e. geophysieal, geclogico-teclonic and
geomorphological,

The geophysical model issues from the inlerpretation of sub-
crustal and also superficial anomalies, eslablished by geophysical methods. Tt
reveals mainly the vertical boundaries of deeper {buried) parts of the earth’s
crust, which are often wrongly connected with inadequate geological boundarics

7. Peincipal faunlt systems in the lemitory of the Caoch Soe. Republie (AL Sak. with the
use of M. Malkovsks™s map, 1979)

I — Jichymov lincwuent, Jo — Piedboiice zone, 1) — Stropnice graben; 2 —~ Kruiné hory
fault: 5 — Litwnéiice fault; 4 — Lusatian fault; & — Zelezné hory fault system; 6 — Bia-
nice Furrow, Ga — Koufim fault, Gb — Kaplice fracture; 7 — Lhenice fault system; § —
Sumava Fault; ¥ — Damdlice fault; 10 — Klatovy fault; 1/ — Bohemian Quartz Lode; 12 —
AS Quarlz Lode; 13 — Piihyslav zone; 14 — Boskovice Furrow; 153 — line of Moldanubian
overthrust; 16 — Vranov fault; 17 — Blanske fault zone; 18 — Oskava fault zone: 1Y —
.n:ln.lxnv'l faall zone; 20 — Hana fault wone; 21 — fault systemn of Moravian Gate; 22 —
Ziavist tloust Fault; 23 — Peague tault; 24 — llronov-Pofiei fault; 23 — Zihle graben

at the surface. HHowever, they are of essential importance for the characterization
of the earth’s crust and its history (Fig. 2.36).

The most significant boundaries in the Bohemian Massif are the limits of
positive and negative zones (Fig. 2.36), the boundaries of the Bohemian Massif
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78 Block structure of the Bohemian Massif (according to A. Zeman
1978)

7 — block boundaries (deep weakened zomes); 2 — pre-Neoidic bound-
aries of blocks affilisted to another block in Hereynian time; 3 —
mobile zones affiliated to the blocks in the Palaeozoic; 4 — blocks
mobilized in marginal parts, direction of inner structure indicated; 5 —
boundary of Neoidic activalion. Sialic blocks: { — Moldanubian, 2 —
block of  Cesky les with the Smréiny sub-Wock (2a}, 3 — West Sudetic
block {a — KrkonoSe-Jizerské hory sub-block), b — Orlické hory sub-
block) ; 4 — Krusné hory block. Simatie blocks: 5 — Brunia, § — Tepld-
Barrandian block, 7 — Labe block (as part of the Labe lineament), 7/8
— part of the Moravian block, which was incorporated into the Labe block
in Neoidic time, 8 — Moravian block, 9 — Silesian block {a — Jesenik
sub-block, b — Upper Odra sub-block), 10 — Upper Silesian block, 11 —
Palaeo-Carpathian block

and the West Carpathians derived from seismic data (the Lednice zone and Peri-
pieninian lineament), the Central Bohemian suture, the Pfibyslav zone and Lito-

méiice fault.
They separate the main crustal blocks of the Bohemian Massif: the Teplé-
Barrandian, the Krusné hory-Krkonode, the Moldanubian, the Moravian and

the Silesian blocks.
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AL the beginning of the Upper Cretaccous the Bohemian Upland underwent
a substantial change. The arca of the landimass of the Bohemian Massif existing
over the greater parl ol the Mesozoic was decreasing in the Cenomanian and
fluviatile and lacustrine deposits began to sediment in the depressions. Their
distribution indieates a distinel dependence of sedimentation on the palacorelief
iMalkovsky el al 1974), In the remaining part of the Bohemian Massif
intensive weathering and denodation continued. In the Late Cenomanian the
predominant parl of the mainland was being gradually flooded by shallow epi-
conlinentlal sea exlending far into the Bohemian Massif. Higher lying parts of
the original peneplain (Bilina crystalline complex, parl of the Unho#f-Turske
ridge, lydile tors, the Luzice-Krkonofe and Jesenice islands and Kutnd Ilora
eryvslalline complex) rose from the sca as islands, around which typieal conglo-
merates and  bioclastic limestones were deposiled. The initial marine sedi-
ientation of Cenomanian and partly of the Turonian was still dependent more
on the palacolopography than on the lectonic adjustment of the hasin. The
shoreline was greatly articulated because of the atectonic development of the
sedimentary basin, especially in the areas of Cistd-Jesenice massif, Ritany gra-
nite, Kiivoklit-Rokyveany and Jilové zones, ete. (Malkovsky et al. 1974).
'The Cretaceous sedimentary basin obtained its definitive form by synsedimentary
subsidence along faulls during the Middle Turonian, when a partial (rans-
gression (Miller in Malkovsky et al. 1974) flooded even most of the
islands mentioned above. Marine sedimentation continued during the later Cre-
laceous: the sea began lo retreat from the castern part of the basin during the
Coniacian and in the earlv Santonian it lelt the area of the Bohemian Massif
definitively,

The lithelogy of Cretaceous sediments suggests a levelled surface ol the
neighbouring landmass, only the facies of coarse-grained very thick-bedded
quartz sandstones developed under the influence of tectonic activity in some
source areas, in the LuZice island in particular. The uplifts enabled a ass
removal of less weathered detritus. which was deposited in the north-western
part of the hasin (Klein-Miiller-Valcéka 1980,

Crelaceous transgression is usually explained by the subsidence of blecks or
parts of the land below the world-ocean level. This explanation, however, can
hardly Dbe applied to the worldwide Cenomanian transgression {(supposing a
roughly constant, amount of water on the planet) which [looded exlensive parls
of coniinents that expericnced the most varied geological history and oecupied
various teclonic positions. The predominantly atectonic development of older
Upper Cretaccous complexes, controlied vather by pre-Cenommanian relief than
by subsidence movements is also in variance with the above interpretation.

The oscillation character of transgression, the natuve of basal sediments and
the eonfliguration of the sedimentary basin in its initial stage indicate that other
causes might have heen involved. Recently, there is a tendeney to explain the

Cretacenus transgression by the rise of the world-ocean level and this, in turn
{consistently with an abrupt decline towards the end of Cretaceous), by expansion
and following conlraction of oceanic ridges. This concept, of course, does not
exelude the influence of local tectonic movements or tectonic control of local
basins or lheir parts.

[n southern Bohemia drained at thal time to the S and SE, a shallow limaic
basin developed towards the end of the Cretaceous, in which Senonian fresh-
waler sediments were deposited. The development of the basin provides evidence
that the Crelaceous transgression never crossed the Central Bohemian threshold,
which cven belore acied as Lhe main watershed of the Bohemian Massif. The
shallow Dbasin was of a through-drainage tvpe and lenient streams of lowland
character brought the kaolinitic weathering residues into it at the beginning, The
rapid rate of subsidence or the upheaval ol the Bohemian Massif indicating the
retreat ot the Upper Cretaceous sea {or probably acceleration of Lthe lowering of
the world-ocean level, or climatic change?) induced a rejuvenation of streams,
inerease in the tramsportation capacity and thus a supply and deposition of
coarser clasts of kaolinitic sandstones and conglomerales. During the Senonian,
presumably a little later than in the Bohemian Cretaceous basin, sedimentation
was interrupted in the South Bohemian basins, and since the early Sanlonian
the whole Bohemian Massif has been a landmass again,

8.1.2 Tertiary

In the parts of the Massil non-flooded by the sea, countinental develepinent and
denudation continued [rom the Cretaceous to Paleogene, but under somewhat
changed conditions. The planation surface originated usually by the conjunction
of pediments and of culling plain with outjutting outliers and knobs of more re-
sistant rocks. Tt secins more appropriate therefore to characterize the Paleogene
planation surface rather as pediplain than as tvpical peneplain (Demek et al
1965). At the margins of the Cretaceous basin, especially in the SIE, the ancient
pre-Cenomanian peneplain was partly exhumed and remodelled. Towards the
end of the Paleogene the development of the global Mesozoic—Paleogene pene-
plain culminated, the Bohemian Massif being the constituent part of it. lt
displaved a very flat reliel and did not reach higher altitudes above the sea level
(about 200 m — Kodym, Sen.in Buday et al. 1960).

Paleogene planation was accompanied, mainly at the beginning by intensive
kaolinization. The released SiO, formed the silicified layers and crusts (duri-
crusl, silerete). Tt is assumed (Roth - Hanzlikova 1982) that also a part
of Si0; in menilitic shales was produced by this process. Very typical is the
silicification of the upper part ol the sedimentary complexes culminating by the
formation of a quartzite horizon (Tieboii basin and most of the “dinas quartzite”






m the North Bolemian basin) in the top part of the profile. In the tropical
climate of the Palacegene (mean temperature 20—30°C in the warmest summer
month — Storr et al. 1978) the karstificalion of carbonates continued, Under
favourable conditions the development of the cone karst (tower karst in places)
was nearly accomplished, as evidenced by the forms on Devonian limestones
hidden bencath Neogene sedirucnts at Hranice in Moravia (Tyracek 1962)
and on the Jurassic and Devonian limestones SI% of Brno (Bezvodova-Ze-
man A. 1981). The formation of the oldest karst cavities in the Bohemian
karst is also placed in this period. belore the Miocene teclonic events (Lvsen-
ko-Slanc¢ik 1981).

During the Palaeogene the sireamns of the drainage pattern in the Bohemian
Massif discharged their waters into three basins. Central and south-western Bo-
hemia was drained into the North Bohemian basin and fromn there farther north-
westwards into the Leipzig hay ol the Oligocene sea in the German-Polish basin,
which encompassed the Bohemian Massif in N and NE. According to Kopee-
ky A, (1972) the predominant part of the Massif belonged to this drainage
aren, Southern Bohemia was drained into the South Bohemian basins and
farther into the {lvsch sea o the 5 and SW. The sireams of northern and eastern
Bohemia and whole Moravia discharged their waters into a vast flysch sea in
the 1<, Purt of it was the Nesvacilka-Vranovice estuary, exlending to the Sub-
silesian-Zdéanice sedimentary area. Although Llhere are rclatively few reliable
data available. it is obvious that persisting plunation was accompuanied by
tectonie block disintegration of small intensily.

There is no evidence for major differentiated tectonic movements that would
disturb the mature peneplain, on which only the most stable products of intense
weathering — quartz and kaolinite — have been preserved. Shallow lacusirine
basins developed later between the early and middle Oligocene but their origin
had nothing in eommon with the present-day lault system, Compared with the
yvounger, Miocene basins, the older ones were substantially more extensive. In
the Oligocene through-drainage lakes chiefly psammitic sediments were deposited,
like the Staré Sedlo Formation in the Cheb and Sokolov Basins, the Lipnice
Formation in the Tkebofi basin, and their stratigraphic equivalent — the Podbe-
fany Sands. Relics of these sediments also occur beyond the limits of the present-
day hasins, e.g. along the elevated margins of the Karlovarska vvsodina Iligh-
land, the Krugné hory Mis., Chlum nad Oh#, beneath the Doupovské hory
stratovoleano and in the Podbofany arca. Sandy sediments near Abertamy in
the Kruné hory Mts. are probably also correlative with them. From the Tiebon
basin they extend 1o the S and SE into Austria. The highlv varying lithology
indicates that in the basins sedimented on the one hand the washed weathered ma-
terial transported over shorl distances from the close neighbourhood, and well-
worn deposits of long streams, on the other. A substantial part of the Bohemian
Massil was drained into sedimentary basins having the character of shallow
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through-drainage lakes. One of the Oligocene basins was in the Plzei arca,
whose through-drainage lakes were probably connected by streams through the
Rakovuik area with the envivons of Zatee. This initial stage of Tertiary sedi-
menlalion was interrupted in the late Oligocene and a greater part of deposits
succumbed to denudation.

After the early Savian phase, belween the Palaeogene and Neogene, the dy-
namics of tectonic activily had risen in the Neogene; in conirast to earlier
opinions, two phases have been distinguished in it (M alkovsky et al 1974):
the older (Aquitanian—Burdigalian) is characterized by tectonic disintegration
of the Palaeogene peneplain, and the younger {(lower Ilelvetian—lower Badenian)
by a progressive subsidence of large parts of the Bohemian Massif below the
level of world oceans.

The first phase opens the neotectonic stage in the history of ihe Bohemian
Massif (Kopecky A. 1966); the tectonic movements are accompanied by
intensive voleanism and formation of lakes, The Doupovské hory stratovolcano
separaled the Sokolov basin from the North Bohemian basin and Ceské st¥edo-
hofi Mis. caused the separation of the Zitava basin (Malkovsky et al. 1974).
According to the most recent interpretations, the origin of the Nerth Bohemian
hasin might be the result of the voleano-tectonic subsidence, viz. gravitational
sinking of blocks into spaces in the upper mantle vacated by the ascent of
volcanie malterial to the surface Al alkovsk ¥ 19380).

Tvpical of the second phase is the sedimentalion of lacustrine and wmarine
deposits, This sedimentation was a result of the subsidence of a major part of
the Bohemian Massif, which enabled the lower Badenian sea Lo penelrate
through ancient valleys far into the Bohemian Highland and into the South
Bohemian basins. The different character ol Miocene lacustrine sedimentation
in southern Bohemia is accounted for by oceasional sea ingressions.

The development of Neogene basins appreciably affected the development ol
the drainage pattern. The North Bohemian basin was fed by rivers draining
large portions of central and south-western Bohemia, as evidenced by relies of
Miocene sediments in a helt extending from Klatovy across Plzeit to Rakovnik.
and from Prague to Rakovnik. The basin was drained northwards probably in
places of present-day Jirkov. The divide of the South Bohemian threshold se-
parating the drainage area of the Alpine-Carpathian foredeep from the remaining
part of the Bohemian Massif still exists, but in the W it extends beyond the
borders of the Republic (Malkovsky et al. 1974). The rivers flowing from
S and SE carried their waters into the Zitava basin, and the rivers draining the
area S of the South Bohemian threshold emptied themselves into the South
Bohemian basins.

At that time the Bohemian Massil was losing its geomorphological monotony
and duc to continuing tectonic disintegration became divided into structurally
and morphiologically articulaled areas. The diversification of the relief led to the
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character of denuded stripped basal weathering plane. In the eastern edge of the
Bohemian Ilighland the weathering residue was also removed by abrasion
activity of the Miocene sea, although no typical abrasion platforms had develop-
ed there.

In the Carpathians, the early Savian phase provoked large-scale movements
and shifting of nappes towards the NW. At the beginning of the Miocene, part
of the Outer Carpathians emerged above the sea level and the folded mountain
range was gradually levelled down {e.g. the neighbourhood of liranice — D e-
mek et al. 1965), Kaolinitic products about 12—20 m thick were developing
on sandstone complexes, The lower Miocene planation surfaces have also been
indentified in the Vizovicka Highland (Zeman A. et al. 1977) whereas in
the Vienna basin they form the substratum of its Neogene filling. These planation
processes were probably synchronous with those occurring in the Bohemian
Highland, wherc they created the so-called post-basalt denudation level {cf.
Kral 1976).

The eastern margins of the Bohemian Highland facing the Carpathian fore-
deep, were invaded by the Miocene sea, which left its sediments on platforms
and in deep pre-Miocene valleys. Owing to post-sedimentary teclonic movements
some sediments were raised to altitudes of up 600 m as.l., yvoung uplift being
evidenced by their denudation relics found in the Nizky Jesenik Iills.

Sand and gravel deposits cumulated at that time are correlative with abrasive
processes that occurred in a narrow belt along the Bohemian Highland (D em e k
et al. 1965) and at the south-eastern margin of the Carpathian foredeep (surf
zone facies around the islands of the Hranice Devonian, traces of marine abra-
sion in the Pavlovské vrchy Hills).

The south-eastern margin of the Carpathian foredeep was formed by the
Pavlovské vrchy and Chiiby Hills, summit parts of the Bilé Karpaty Mits. and
to a small extent by the Moravsko-slezské Beskydy Mis. Sedimentation was
closed in the Carpathian foredeep in the youngest Styrian phase between the
early and late Badenian, when the marginal nappes were moved. The sea
receded [rom the foredeep and practically the entire territory of the Czech Soe.
Rep. became dry land. In the Bohemian Massif this movement was responsible for
the separation of block mountains at the periphery of the Bohemian Highland
(Kunsky 1968}, although the most intensive uplifts occurred much later Ko-
pecky A. 1972, Malkovsky etal 1974, Malkovsky 1979). In the
Carpathians, the Flvsch Belt was upheaved and denudation processes were
revived. According to Kopecky A. (1972) these movements opened the
heotectonic stage Lhere, during which the fundaments to the modern morpho-
structures were laid. As a result of intra-Badenian movements, the sedimentary
area of the Vienna basin originated between the megaanticlines of the Chiiby,
Zdaunicky les, Bilé Karpaty and Malé Karpaty ranges. The lower Miocene does
not represent therefore a genetic and tectonic component of the basin filling but,






8.1.3 Quaternary

In the Qulernary the processcs influencing the configuration of the relief changed
radically. The clunatic fluctuations, which represent the basic factor controlling
the geological events in the Quaternary, intensified, being responsible not only
for glaciations and oscillations of the sea level (and thus the base level of erosion)
but also for erosion, denudation, or sedimentation. In the area of the Bohemian
Massif, located in the periglacial zone, the Quaternary period represents a conti-
nuous succession of most varied geological events, caused by multiple alternation
of erosion, sedimentation and soil-forming cycles (Lozek 1973). Their effects,
enhanced by the geographical position of the Massif during the cold intervals be-
tween the continental ice sheet in the N and mountain glaciers of the Alps, as well
as in the transition zone hetween the oceanic climate in the W and the continent-
al in the E, resulted in intensive modellation of the relief. Although the funda-
mental features of the region developed in earlier periods, the present relief of
the Bohemian Ilighland and the West Carpathians is for the most part a
product of the Quaternary morphogenetic processes.

At the onset of the Quaternary, better to say at the Tertiary —Qualernary
boundary interval, which period was until recently considered as latest Pliocene,
the eclimatic fluctuations were not so striking. Even though this assumption 1s

8.9 Pyroclastics of Quaternary volcanic rocks, Komorni harka near Cheb
Photo by J. Rubin

partly based on restricted evidence. it is supported by deviations from the clas-
sical Quaternary forms, such as shallower channels of sireams meandering and
anastomosing freely over flat plains, different lithology of sediments, minimum
vertical intervals between individual levels of the upper terrace group, formation
of different soil types, and a lack of typical periglacial sediments.

Three principal opinions on the position of the Pliocene-Pleistocene houndary
exist. According to the first one the boundary is placed before the Mindelian
glaciation of the Alps and the Elster glaciation of the North German Lowland.
Palacomagnetically it would correspond to the inversion between the Brunhes
and Matuyama epochs, ie. to the radiometric age of about 0.69 Ma (recently
mostly aecepted for the Old—Middle Pleistocene boundary). The second inter-
pretation assumes the I’lio-Pleistocene boundary to follow the base of Calabrian,
which would be palacomagnetically coincident with the Gilsa event. The radio-
metric age of ils base (of ca. 1.79 Ma) agrees with the resolution of the 18th
International Geological Congress in London. According to the third alternative
the boundary is placed at the base of the Villafranchian, i.e. between the Astian
and Piacenzian with lypical faunas of lower Villafranchian and so-called Souril-
lon. Palacomagnetically, it includes the upper half of the reverse Gilbert event
or the base of normal Gauss epoch, some 3.A—3.5 million years ago. Towards
the Pliocene the fluctuations are less contrasting, and the transition interval
shows minor climatic changes. This fact is the main cause of difficulties in
precise determination of the Plio-Pleistocene boundary; the previeus opinions
on a continual cooling of the climate from the Tertiary to the Quaternary is not
valid. The oscillatory character does not also permit to regard this boundary
as a single episode. The problem concerning the stratigraphic position e.g. of the
Vildstejn Formation in the Cheb basin or of the variegated series in the Upper
Morava depression are a direct result of this uncertainty, Quaternary voleanism
in western Bohemia and northern Moravia falls in this period. The prominent
high terraces of the Labe river at Stifbrnik near Usti nad Labem bearing the pro-
boscidian Arclidiskodon meridionalis are ranged to the earliest Pleistocene, too.
However, no relevant stratigraphic conclusions can be deduced from this fact
because the conditions of the find are unclear.

Towards the end of the Tertiary, the predominant part of the Bohemian Mas-
sif was a relative monotonous peneplain. Nevertheless, the peripheral mountain
ranges and the highlands and uplands in the interior were morphologically evi-
dently well defined, although the final uplifts of some blocks convineingly oe-
curred as late as Quaternary (Kruiné hory Mts. — Malkovsky 1980) and
the uplift of others is presumed (Vyskoc¢il-Kopecky A. 1974). Even if
the morphological conditions for more intensive river activity existed there, the
supply of coarse clastic material was small on account of weak mechanical
weathering and insufficient solifluction. The meandering sireams redeposited
therefore the older deposits and the weathering residue, thus producing predo-















enough {illed with clay, sand and organic ‘matter. The lakes in the Upper Mo-
ravian and Trebori basins ceased to exist and a normal system of vounger ter-
races developped in their filling. Gravels of the older accumulation of the Main
terrace were laid down by Moravian rivers as well as their stratigraphic equi-
valents in the Bohemian Massif. Mindel loesses sedimented in the Prague de-
pression (Sedlec, Letky, Zalov) and in Brno depression (Cerveny kopec).

In the warm Mindel-Riss interglacial strongly weathered soils developed and
paludul organic sediments were deposited {(Muglinov, Skiedofi, Dolni Lutyné).
Jume lacustrine sediments and peats (Stonava) and ravertines (Tudin, Zelato-
vice, belong obviously to its younger warm phase. Rivers alreadv cut their
channels to the level of the modern floodplains.

The following cold Hiss inlerval caused reinvasion of the Nordic icce into the
Ostrava region. Simultaneously with its approach, the vounger accumulation of
the Main terrace was deposited.

The ice-dammed lake covered virtually the whole Odra part of the Moravian
(Gate and us impounded waters flowed through the Poruba Gate into the Danube
drainage arca. It is the period of drastic hydrographic changes. The river Odra
with its tributaries flows southwards into the Black Sea, the Ohie transfers iis
channel from the Bilina valley to the present course, and the Morava begins o
deposit first terraces in the lradisté trough, (although it had moved from the -
Vyskov (ate probably earlier). Towards the close of the Riss ithe Morava migrates
from the Senice lowland north-eastwards, and the junctions of the Dyje with the
Jihlava and the Svratka also move. At the end of the Riss, wast through-drainage o ;
lakes extended in Lthe Dyje-Svratka depression and Lower Morava depression, v =
which communicated through the Dolni Véstonice Gate. Denudation relics of © S
sandy-clayey lacusirine sediments overlie loday the Riss terraces (Zeman A. ; T Ty
et al. 1930), Q

The rivers of the Bohemian Massif deposited the group of lower terraces. The T
river Labe leaved the Urbanice Gate and moved its chanmel to the S. At the foot
of mountain ranges proluvial sediments cumulated, forming extensive outwash o
fans and dry deltas. The Ceské sttedohoii succumbed to intensive destruction;
accumulations of slope deposits around the exposed pipes and feeders formed
striking voleanic pscudocones. In the hilly areas the crvoplanation process and
formation of pediments, frost cliffs, pseudocirques, and boulder fields continued.
[oess sheets and drilts in sedimentary areas levelled depressions in the bedrock
crealing a characteristic slightly undulated loess relief.

The extension of the ice sheet up to the foot of the Krkonote Mts. cansed
mountain glaciation of this range.
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The R:W interglacial with average annual temperature of ca. 13 °C was distin-
guished by the development of soils of parabrown-carth or chernozem tvpe. and
deposition of fresh-waler carbonates, In the {loodplains the rivers deposited flood
loams and abandoned channels and oxhow lakes were filled in. Favourable cli-
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Map of mountain glaciation of :
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1 — cirque limits; 2 — young erosion gully; 3 — stone and block streams; 4 — rampart
of passive moraine; 5 — rocky outcrops; 6 — outwash cone; 7 — loamy-stony debris; &

8.20 Cirque below Mt. Klinovee (F. Kralfk 1969, orig.)
i — floodplain; 9 — sandy gravel of higher terraces
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oceur, which formed mostly by decalcification of loesses owing to more humid
climale. Wind-blown sands are also joined with the cold climatic phases. In
Bohemia and Moravia they follow the easlern margins of valleys of N—S
direction, in the form of drifts and dunes. Their relationship to loesses indicates
that the youngest accumulations formed towards the end of the Last Glacial.

Slope deposits of 1—15 m thickness accumulated under periglacial climate and
partly in warmer phases. Proluvial sediments of this age are known [rom the
area of Znojmo, from the piedmont areas of the Beskydy, Jeseniky and Kruiné
hory mounlain ranges and from the marginal parts of the South Bohemian
basins.

Fluvial sedimenis formed the thalweg lerrace and in some areas (e.g. in the
Labe valley) constituted two lowest terraces above the floodplain. The thickness
of accumulations attains 10—15 m.

Lacustrine, 2—3 m thick, sandy-clayey sediments are known from the neigh-
bourhood of Znojmo, They fill a shallow basin covering about 10 km?. Glacigene
sediments in the Sumava Mits. dam two cirque lakes. Interrelations belween se-
diments of different genetic types within the acewmulation cycle of the Last
Glacial are complicated. The formation of fluvial and proluvial sediments
probably falls in the middle part of the Glacial, after the deposition of the oldest
loess. Towards the end of the glacial period, lacustrine sediments, the youngest
loess and eventually blown sands are deposited.

The evolution of vegetation indicates that during the Last Glacial there were
“oth cold and warm oscillations. In warmer interstadials deciduous trees pre-
dominated and in cold periods herbaceous vegetation of a coniinental steppe
character prevailed. The development of molluscan fauna presents a similar
picture of the palaeoclimate in periglacial regions.

The Late Glacial is a transitional period between the retrealing Glacial and
beginning Holocene; the greatest accumulations of blown sands were deposited
in this time span.

In the territory of our stale the presence of Man during the greater part of
the Pleistocene is documented mainly by the finds of Palaeolithic implements.
Of the oldest age are so-called pebbles industries of the Bohemian and Ileidel-
bergian passing into the classical Clactonian, or Abbevillian, Acheuléan and
Moustérian industries. The world-known locality Predmosti near Pierov belonys
te the youngest cullure. The evolution of Palaeolithic Man continued even during
the Last Glacial under severe living conditions (ice cover in the north, mountain
glaciation of the Alps, Krkonos$e, Sumava, Jeseniky and Tatry regions).

Tn the Late Glacial, not long before the onset of the Holocene, approximately
ten thousand years B.P. a fairly marked warm oscillation — Allerdd interstadial
passed in the non-glaciated area into Holocene without a conspicuous cold
oscillation. A permanent prominent warming up of the climate began only in
the Preboreal. It Las been precisely determined in marine sediments that this
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glacials, differing from them only in the effects of human activity. Acluogeolo-
gical considerations and applications require of us to apprehend how funda-
mentally the Late Holocene and Recent differ from the earlier epochs. Human
activity has afflicted the nature wilh such intensity that the present conditions
are quite unnatural. Vegetation cover and the loosening of the surface by tillage
correspond to glacial conditions, whereas climate, especially precipitation and
their distribution, correspond to an interglacial. The actuogeological observations
can not be therefore applied directly to the geological past.
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