
Chronostratigraphic and lithostratigraphic1) classification of units

It is common practice to express the age of each lithostratigraphic, i.e. regional unit, and 
to incorporate it into a specific time (chronostratigraphic) period with the aid of fossils, 
or to determine its absolute age. The chronostratigraphic hierarchy is as follows: era 
(e.g. Palaeozoic, Mesozoic), system (Carboniferous, Jurassic), subsystem (Mississippian, 
Pennsylvanian), stage (Namurian, Miocene), substage (Bolsovian, Barruelian), zone (E, G 
in the Namurian), subzone (E1, E2). The boundaries of the chronostratigraphic units do not 
always correspond to lithostratigraphic boundaries. 

Even though the Carboniferous is, according to Chlupáč et al. (2002), perhaps the most 
intensively studied system due to coal deposits, its subdivision is still the subject of much 
debate. Only the boundary between the Devonian and Carboniferous, between the Lower 
and Upper Carboniferous, i.e. between the Mississippian and Pennsylvanian, and the 
boundary between the Carboniferous and Permian were formally approved and are based 
on stratotypes, whereas the boundary between the Devonian and Mississippian was called 
into question (see Becker 2008). It may, therefore, have to be redefined. In Western and 
Central Europe, the most problematic boundary appears to be between the Mississippian and 
Pennsylvanian, which occurs between the Lower and Middle Namurian. While the division 
of the Mississippian, considered a subsystem, into the Tournaisian and Visean is more or 
less generally accepted, the Pennsylvanian has been variously subdivided on the continents 
or their parts and its subunits are sometimes difficult to correlate due to the climatic 
diversity of this substage in various parts of the world. The terms Namurian, Westphalian 
and Stephanian, which are used for stages in Western and Central Europe, certainly do not 
stand a chance of becoming internationally recognized standards. They should only be used 
to distinguish marine sediments with goniatite, foraminiferal or conodont fauna, which is not 
possible in all the stages of the European Carboniferous. However, they can be successfully 
used as regional chronostratigraphic units (Table 1).

By contrast to the Carboniferous, the international standards for Permian marine deposits 
are well advanced and were approved, including its stages (Chlupáč et al. 2002). In the 
Czech Republic, where only the terrestrial Permian occurs, it is usually divided into three 
subsystems – the Lower Permian corresponding to the upper part (?) of the Autunian and  
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1)  In addition to chronostratigraphic and litostratigraphic classification of the Carboniferous, an operational 
classification is also used in the Czech part of the Upper Silesian Basin (CUSB), where the units are divided into 
subunits due to various reasons, specifically due to significant or thick seams (e.g. the lower and upper seams 
of specific groups of seams), or due to important phenomena in the basin or rather in its part. Consequently, the 
operational classification can differ from both the chronostratigraphic and litostratigraphic classifications.
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Saxonian, i.e. the German Rotliegend, and the Middle and Upper Permian comparable to the 
Thuringian, i.e. the German Zechstein (Table 2). Currently, some Czech geologists deem it 
more appropriate to use the German division of the Permian in the BM.

Table 1. Global and regional Carboniferous subdivisions. After Gradstein et al. (2012), modified by the authors.
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The Cretaceous is divided into two subsystems, the Lower and Upper Cretaceous, both of 
which are further subdivided into six stages. The uppermost stage of the Lower Cretaceous 
is the Albian, and the upper subsystem is divided into the Cenomanian, Turonian, Coniacian, 

Table 2. Global and regional Permian subdivisions. After Gradstein et al. (2012), modified by the authors. 



Santonian, Campanian and Maastrichtian. The Cenomanian, or specifically the boundary of 
the Albian and Cenomanian, where the terrestrial, locally coal-bearing sediments began to 
be deposited, is significant for the BM with regard to coal-bearing capacity.

The official stratigraphic scheme does not include the term Tertiary, which is commonly 
used in the CR. It referred to as the Cenozoic era, which is further divided into three systems, 
the Paleogene, Neogene and Quaternary. Because of tradition and fairly strong international 
disagreement, Chlupáč et al. (2002) recommend maintaining the Tertiary as a system and the 
Paleogene and Neogene as subsystems. The Paleocene to the Pliocene are series (Table 3), 
and the Badenian, Sarmatian and others are stages. The stage classification of the Miocene 
and Pliocene varies in the Mediterranean and Paratethys regions, with the internationally 
recognized standard being the classification in the Mediterranean region.

The lithostratigraphic division of the basin fill into regional subunits results from the 
litostratigraphic characteristics of rocks, i.e. from their differences in composition, colour 
and other characteristics, such as a distinct lithological change associated with a significant 
hiatus. The following terms are commonly used in geological practice: group = series, 
formation, member = layer, and horizon. Each of these units may have several different 
lithologies, such as the Kačice Development of the Nýřany Member in the CWBb.

Brief geological description of the Czech Republic

The territory of the CR comprises two different geological units (Fig. 5), the Bohemian 
Massif (BM) and the Western Carpathians (WC). In a part of the BM, Suk et al. (1984) 
also distinguish the Brunovistulicum as a third fundamental geological unit. The Bohemian 
Massif, which was consolidated during the Variscan Orogeny, is part of the eastern branch 
of the European Variscides. Its major part comprises strongly to weakly metamorphosed 
Precambrian rocks and mainly unaltered Lower Palaeozoic and Mississippian (i.e. Lower 
Carboniferous and Lower Namurian) sediments, and volcanic and volcaniclastic rocks. 
According to Chlupáč et al. (2002), its regions were apparently unrelated prior to the Variscan 
Orogeny. It was not until this orogeny that they were joined to form one unified cratonized 
unit – a basement on which more or less unfolded Upper Palaeozoic to Quaternary rocks 
were deposited with the exception of the Pennsylvanian sediments of the USB. According 
to Chlupáč & Štorch, eds (1992), the basement of the BM is divided into the Moldanubian 
(Moldanubicum), Central Bohemian (Teplá-Barrandian, or Bohemicum), Saxothuringian 
(Saxothuringicum), West Sudetic (Lusatian) and Moravo-Silesian (Moravicum) regions (Fig. 
6). With the exception of the Moldanubicum, which is only locally covered by Cretaceous, 
Tertiary and Quaternary clastic rocks and regolith, the other regions are covered locally by 
Pennsylvanian to Quaternary rocks.

The Moldanubicum occurs in the southwestern to southeastern part of the BM. It is 
dominated by Cadomian folded sillimanite and cordierite gneisses and migmatites with 
interbeds of orthogneisses, granulites, amphibolites, graphitic rocks, marbles, metaquartzites 
and scarns. Isolated bodies of apparently Lower Palaeozoic (Devonian?) igneous rocks 
occur as well.

The Central Bohemian Region (Bohemicum) is composed of Neoproterozoic mica schists, 
phyllites, shales, lydites and basic volcanic rocks, referred to as spilites and their tuffs, and 
weakly metamorphosed to unmetamorphosed (Lower Palaeozoic) siliciclastic and volcanic 
rocks. These also include Cambrian to Devonian conglomerates, shales, greywackes, 
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arkoses, sandstones, quartzites2), limestones and bodies of acid and basic igneous rocks. 
The rocks of this region may be observed in West to East Bohemia and possibly even in 
West Moravia.

Table 3. Global and regional Tertiary subdivisions. After Gradstein et al. (2012), modified by the authors.
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The Saxothuringian (Saxothuringicum) extends into the CR only in the northwest, 
i.e. into the Krušné hory Mountains and partially into the basement of the Krušné hory 
Piedmont basins (KhPb). This Neoproterozoic to Lower Palaeozoic unit is dominated by 
muscovite-biotite paragneisses with intercalations of basic volcanic rocks, metaquartzites, 
metaconglomerates, metagreywackes and black shales. Furthermore, relatively large bodies 
of orthogneisses and Variscan granitoids occur as well.

The West Sudetic Region (Lusatian) is located in the northern and northeastern part of 
the BM. It consists of a relatively varied complex of Neoproterozoic and probably also of 
Cambrian to Ordovician metamorphic and volcanic rocks such as paragneisses, schists, 
metamorphosed siliciclastic rocks with interbeds of crystalline limestones, amphibolites, 
and also orthogneisses and migmatites with layers of eclogites and granulites. This unit 
also includes several bodies of granitoids of varying ages and Devonian schists, phyllites, 
metaquartzites, crystalline limestones, metamorphosed shales with intercalations of basic 
volcanic rocks and carbonates – predominantly limestones.

2)  The entire text includes the original names of rocks taken from publications and archived reports. In many cases, 
the authors of these names were undoubtedly guided by intuition rather than by precise terminology guidelines.

Fig. 5. Simplified geological map of the Czech Republic without Quaternary cover. Modified by I. Chlupáč et al. (2002) from 
a regional map published by the Czech Geological Survey. 1 – Neogene, 2 – Paleogene, 3 – neovolcanic rocks, 4 – Upper Cretaceous of the 
Bohemian Massif, 5 – Upper Palaeozoic, 6 – Lower Palaeozoic, 7 – Neoproterozoic, 8 – granitoids, 9 – orthogneisses, 10 – different types of basic 
rocks, 11 – granulites, 12 – Moldanubian Crystalline Complex, 13 – overthrust and normal faults.   
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The Moravo-Silesian Region (Silesicum) forms the eastern margin of the BM. It includes 
an unusually varied complex of metamorphosed rocks, and altered as well as unaltered 
volcanic rocks mostly of Neoproterozoic age. This unit is composed of biotite paragneisses, 
schists and phyllites and also of bodies of orthogneisses with interbeds of amphibolites and 
carbonates. Additionally, it includes various types of igneous rocks ranging from granitoids 
to ultrabasic rocks.

The evolution of the BM was greatly influenced mainly by the Cadomian and Variscan 
orogenies. After the major Variscan movements ceased, the individual regions of the BM 
were, with only minor exceptions, not folded any longer and formed a solid fundament, 
on which platform sediments were deposited mostly horizontally to sub-horizontally 
approximately since the Pennsylvanian. The main features of their regional geological 
division coincide with the preserved relics of the original sedimentation or volcanic areas. 
Younger processes, the Upper Mesozoic and Tertiary Alpine Orogeny, are reflected in the BM 
only by the formation of structures with extensional tectonics or by the uplift or subsidence 
of larger regions (Chlupáč et al. 2002). However, the Namurian and Lower Westphalian 
foredeep deposits of the Ostrava and Karviná formations of the Czech part of the USB 
cannot be classified as being part of the platform cover. According to Havlena (1964), the 

Fig. 6. Regional geology subdivision of the Bohemian Massif in the territory of the Czech Republic. I. Chlupáč 
& P. Štorch, eds (1992). 1 – Moldanubian Region: 1a – Moldanubicum of the Černý les Mts, 1b –  Moldanubicum of  
Šumava and South Bohemia, 1c – Strážek Moldanubicum, 1d –  Moldanubicum of West Moravia, 1e – Central Bohemian 
Pluton, 2 – Kutná Hora-Svratka Region: 2a – Kutná Hora Unit, 2b – Čáslav Unit, 2c – Svratka Unit, 3 – Central Bohemian 
Region (Bohemicum): 3a – Barrandian, 3b – Metamorphic islets (roof pendants), 3c – Domažlice Unit, 3d – Teplá Unit, 
3e – Chrudim Palaeozoic, 3f – Železné Hory Palaeozoic, 3g – Železné Hory Pluton, 3h – Hlinsko Palaeozoic and Proterozoic, 
3i – Polička Unit, 3j – Letovice Unit, 4 – Saxothuringian Region: 4a – Krušné hory Unit, 4b – Krušné hory Pluton,
4c – Thuringian-Vogtland Palaeozoic, 4d – occurrences of metamorphic rocks in the area of Tertiary basins, 5 – Lusatian 
(West Sudetes) Region: 5a – Krkonoše-Jizera Unit, 5b – Lusatian Pluton, 5c – Krkonoše-Jizera Massif, 5d – Orlice-Sněžník 
(Snieznic) Unit, 5e – Zábřeh Unit, 5f – Staré Město Unit, 6 – Moravian-Silesian Region: 6a – Brunovistulicum, 
6b – Moravicum, 6c – Silesicum, 6d – Žulová Massif, 6e – Moravian-Silesian Palaeozoic.
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so-called pre-platform basins include the fill of all Upper Palaeozoic terrestrial basins and 
nearby relics, i.e. the Plzeň, Manětín, Žihle, Kladno-Rakovník and Mšeno-Roudnice basins 
with Westphalian to Autunian sediments and volcanogenic rocks. The pre-platform basins 
also include the Sudetic basins (Lugic) and their surrounding relics: the Mnichovo Hradiště, 
Česká Kamenice, Krkonoše Piedmont, Intra-Sudetic and Orlice basins with fills of varying 
age ranging from Visean to Triassic, the Blanice and Boskovice grabens (furrows) with 
Upper Stephanian to Autunian deposits, the so-called Jihlava Graben that is apparently 
filled with Lower Stephanian deposits, and the Upper Palaeozoic relics in the Krušné  
hory Mts.

Mesozoic sediments were deposited in the BM until the Lower Cenomanian (Albian? –  
see p. 105) only in a relatively small area. After a hiatus that followed the end of Triassic 
sedimentation and that lasted until the Middle Jurassic (Upper Doggerian–Callovian), 
a sea penetrated into the territory of the CR from the northwest and southeast. Its existence 
is evidenced by a narrow belt of relics, predominantly carbonates with interbeds of 
sandstones and cherts, which crop out along the Lusatian Fault near Krásná Lípa and also 
in the wider surroundings of   Brno. These sediments were deposited either in a narrow 
strait, which connected the Boreal province in the north with the Tethyan realm in the 
southeast, or in smaller gulfs, which extended into the territory of the BM from these areas. 
A nearly complete sequence of Jurassic sediments, initially apparently only of terrestrial 
conglomerates, sandstones and aleuropelites, which are covered by mostly carbonates and 
clayey carbonate deposits, was preserved at the eastern margin of the BM, which is today 
overlain by the deposits of the Carpathian Foredeep.

The Upper Cretaceous sedimentation in the CR commenced either in the Albian or Lower 
Cenomanian (see p. 105), when the Tethyan and Boreal realms were probably connected 
in the territory of the BM. In many areas, this significant event was preceded by the 
deposition of terrestrial sediments in shallow depressions, some of which formed as a result 
of the unequal resistance of the pre-Upper Cretaceous rocks and due to varying degrees of 
rejuvenation of movements along Variscan or pre-Variscan faults. A relatively short episode 
of terrestrial sedimention was followed by a period of intermittent siliciclastic deposition 
in a shallow epicontinental sea, which covered a rather extensive area of   North West to 
North Bohemia and North East Moravia and Silesia. The deposition of marine sediments 
was accompanied by isolated effusions of basic lavas and by terrestrial sedimentation in 
South Bohemia. This period prevailed in most of the territory at least until the Santonian, 
when the Upper Cretaceous sea finally retreated from the BM. However, the covered eastern 
margin of the BM also provides evidence of the Cenomanian to apparently Maastrichtian 
sedimentation.

After another interruption, renewed sedimentation occurred in the Eocene in a limited 
area of the BM in the Staré Sedlo Formation in the Krušné hory Piedmont basins (KhPb) 
and probably also in shallow depressions at the southeastern margin of the BM. The first 
traces of coal formation appeared in the Upper Eocene, and the first mainly basic volcanic 
rocks of Tertiary age were formed as well. The deposition of sediments and volcaniclastic 
rocks commenced and continued with several hiatuses in an entirely different area in most 
of the KhPb after a brief hiatus in the Lower Oligocene. Relatively extensive areas were 
overgrown with vegetation, which led to the formation of coal seams. At the same time, 
sedimentation began in the Czech part of the Zittau Basin (ZB) and in the South Bohemian 
basins (SBb) if the Lipnice Formation, which some authors consider as being of Upper 
Cretaceous age, is attributed to the Oligocene. In the Upper Oligocene and primarily in 
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the Lower Miocene, siliciclastic and volcaniclastic rocks covered nearly the largest, albeit 
not a very extensive part of the BM. At that time, a river network was formed in Bohemia, 
Moravia and Silesia, along which present-day streams still partly flow primarily in West 
Bohemia. The Oligo-Miocene sedimentation in the KhPb was accompanied by extensive 
volcanic activity in the Doupovské hory Mts and České středohoří Mts and also in several 
areas of the BM. Isolated, mostly basic intrusive as well as extrusive bodies were formed 
in North East Bohemia, Moravia and Silesia. Evidence of the deposition of younger, i.e. 
Middle to Upper Miocene and Pliocene sediments may be observed only in South Bohemia 
or Silesia. The Upper Pliocene sediments were also deposited in the area of the Cheb Basin 
(CB) in the KhPb. Deep depressions at the eastern margin of the BM are filled mostly with 
aleuropelites, or also with sandstones and conglomerates. These transgressive sediments 
are mainly marine sediments of Eocene to Lower Oligocene age, but according to Jiříček 
(e.g. 2000) of Paleocene to Lower Miocene age, that largely overstepped the platform part 
of the BM.

Deposition of Jurassic, mainly marine sediments occurred in a very limited area of 
the BM,  was interrupted prior to the end of the Upper Jurassic. By contrast, the Jurassic 
limestones and marlstones in the Alps and Western Carpathians were overlain by Lower 
Cretaceous deposits. Here, the sedimentation was already taking place under various 
paleogeographic and tectonic conditions of the Tethyan, originally oceanic realm. The 
tectonic activity from the Lower Cretaceous is evidenced by marine flysch sediments – 
claystones, sandstones, conglomerates accompanied locally by dykes and submarine 
effusions of basic rocks. In the Paleogene, the flysch sequences pass into thick bodies of 
sandstones, claystones, marlstones, and isolated limestones and diatomites. Starting with 
the Middle Eocene and in the Oligocene, individual phases of the Alpine Orogeny gradually 
began to shorten the sedimentation area and to lift and slide the flysch rocks towards the 
BM. The flysch sedimentation then weakened and gradually ceased in sub-depressions that 
became shallower, and the depocentres together with the marine transgression approached 
the southeastern margin of the BM. During the Lower Miocene, the flysch basins gradually 
disappeared and their original sedimentary fill became part of flat nappes that were 
transported tens of kilometres in the foreland onto the BM. At the same time, new basins 
formed in the territory of the CR in depressions between the nappes (Vienna Basin) and in 
front of the nappes (Carpathian Foredeep). By contrast to the flysch, they were filled with 
both marine and terrestrial clastic rocks and less frequently with limestones, evaporites, coal 
seams and volcanogenic rocks. The Vienna Basin (VB) resembled a piggyback basin during 
the Lower Miocene, but it has been extending and subsiding in place since the end of the 
Karpatian. The sedimentation area of the foredeep moved into the foreland in front of the 
advancing nappes. Along with autochthonous Paleogene sediments of canyons, most of its 
Lower Miocene fill was finally relocated and covered by the nappes. The Lower Badenian 
sediments of the foredeep were deposited only at the nappe fronts in Central and South 
Moravia at the beginning of the Middle Miocene, i.e. after the final move of the nappe 
fronts. In the Ostrava region, the nappe movements ceased at a later time so that the flysch 
nappes here also overlie the Lower Badenian rocks. Many streams originating deep in the 
BM flowed into the Carpathian Foredeep, where the marine sedimentation ended in the 
Badenian. However, it continued in the VB with short breaks until the Pannonian.

The Alpine Orogeny formed the broad arc of the Outer Carpathians, whose nappes also 
contain the relics of non-flysch deep-marine sediments of Cretaceous age and Jurassic 
sequences that locally crop out in the form of tectonic fragments (Pavlovské vrchy Hills). 
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The Upper Morava Valley and Mohelnice Graben are genetically independent basins, 
which are perpendicular to the direction of the Carpathian depressions and filled solely 
with terrestrial sediments with isolated beds of carbonaceous clays and thin low-rank lignite 
seams.                   

The rocks of both the BM and WC are covered by variably thick fluvio-lacustrine and 
eolian sediments of Quaternary age.

Climate

The hot and dry Upper Devonian climate changed during the Mississippian to a warm and 
humid climate, which led to a gradual evolution of coal-forming vegetation. A significant 
climate fluctuation occurred at the boundary between the Mississippian and Pennsylvanian 
as cooling led to the glaciation of the extensive southern continent (Gondwana) and to 
the diversification of rapidly evolving vegetation into several different floristic provinces. 
Paleomagnetic measurements (Krs & Pruner 1995) confirm that the latitude of the BM 
in the Upper Palaeozoic was 4–6° north. By contrast to the warm and humid Namurian 
climate, the warm and humid climate that led to the formation of coal seams alternated in 
the Westphalian and Stephanian with drier periods, when the primary red beds were formed. 
At the end of the Stephanian, the climate in Central Europe became increasingly arid, which 
is clearly reflected in the Permian, as evidenced by the nearly complete absence of organic 
matter in sediments and also by minor occurrences of evaporites and higher concentrations 
of boron (e.g. Bouška & Pešek 1985, Kukal 1985) in the Upper Palaeozoic sediments of 
the BM. A similar climate prevailed in the Triassic as well. The climate in the Jurassic 
was very warm and slightly more humid. The BM continued to move gradually northward 
throughout the Mesozoic. In the Upper Cretaceous, the climate oscillated between nearly 
tropical to subtropical and renewed moderate and warm periods. Rapid cooling occurred 
at the boundary between the Mesozoic and Tertiary. After a nearly tropical, but in terms 
of temperatures, stable climate in the Paleogene and Lower Eocene, the boundary of the 
Eocene and Lower Oligocene provides evidence of a drop in temperatures, which again rose 
throughout the Oligocene leading to the evolution of coal-forming vegetation. At the end of 
the Lower Miocene and at the beginning of the Middle Miocene, a nearly subtropical humid 
climate prevailed in the BM, which stimulated renewed rich evolution of coal-forming 
vegetation. Starting with the Middle Miocene, a number of climatic fluctuations occurred, 
which led to the formation of coal seams in the South Moravian Lignite Coalfield (SMLC) 
at the end of the Miocene. The cooling culminated in the Upper Pliocene, where the first 
observable signs of glaciation occur.

Magmatism

The considerable mobility of basin basements along with the differentiated activity of 
regionally significant faults and of some local faults is also reflected in their magmatic 
activity. It lasted for nearly as long as it took to fill the Upper Palaeozoic basins and led to the 
formation of many products of acid and mainly intermediate to basic magmatism, which may 
be outlined in three cycles. The oldest, Middle Devonian to Lower Westphalian cycle began 
due to the subduction of the Brunovistulicum beneath the central part of the BM. The cycle 
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gradually ceased in the Upper Namurian to Lower Westphalian. The second cycle occurred 
during a period that lasted from the Duckmantian–Bolsovian to the Lower Stephanian. It is 
characterized by the predominance of acid volcanism, whose most massive products were 
formed, for example, in Central and West Bohemia during the initial filling of their basins. 
It demonstrates the migration of volcanic centres from Moravia to West, Central and North 
East Bohemia. The final cycle of subsequent Variscan volcanism occurred in the Stephanian 
B and particularly Stephanian C and in the Autunian. In the Upper Stephanian and Autunian, 
relatively large intermediate to basic effusive bodies of paleovolcanic rocks were formed in 
Central and mainly North East Bohemia. The products of acid volcanism are also abundant 
but considerably less thick.

The neovolcanic rocks in the BM are concentrated mainly in an ENE-WSW oriented 
belt, which roughly follows the recent course of the Ohře (Eger) River. Predominantly 
alkaline volcanic rocks are concentrated in the České středohoří Mts and Doupovské hory 
Mts. Another important structure is the Cheb-Domažlice Graben, with which numerous 
eruptive bodies are associated. Many isolated bodies occur primarily in North Bohemia, 
North Moravia and Silesia. Ulrych et al. (1999) and Ulrych (2000) distinguished three 
temporally variable volcanic series of Tertiary (including Upper Cretaceous) to Quaternary 
age. The oldest, so-called pre-drift3) series is dominated by ultramafic volcanic rocks of 
Upper Cretaceous to Paleogene age, which occur in the CR mainly in North West Bohemia 
and in the BCB. The syn-rift series of Eocene to Upper Miocene age usually comprises 
bodies of alkaline volcanic rocks in the České středohoří Mts and Doupovské hory Mts. 
Isolated ultramafic bodies of Plio-Pleistocene age of the younger rift series occur in the Cheb 
region and also in the Nízký Jeseník Mts.      

3)  These authors used the term Ohře Rift in these and subsequent works, even though Elznic et al. (2007) 
demonstrated that this structure did not influence the deposition of Tertiary sediments in the KhPb.


