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Logo ï Silhouette of Silesaurus opolensis, a genus and species of dinosauromorph from the Upper Triassic 

of southwest Poland. Remains of Silesaurus have been recovered from the óKeuperô claystone at Krasiejów 

near Opole (Silesia, Poland), from which it takes its name. The building next to Silesaurus is a stylised 

contour of the Piast Tower, a remnant of Piast Castle, one of the oldest structures of defensive architecture 

in Poland. It plays a key role as symbol of the city of Opole and of Opole Voivodeship (project: Roman B. 

Konietzko). 

 

Front cover ï In the foreground are silhouettes of Silesaurus opolensis, while the background presents a 

view of the inside of the pavilion at Krasiejów Jurapark, with an exhibit of in-situ Late Triassic vertebrate 

remains, mostly metoposauroids. Visible through the glass wall is a portion of the quarry. The pavilion 

belongs to Opole University (project: Roman B. Konietzko and Dorota Konietzko-Meier; photograph by 

R.B. Konietzko). 

 

Back cover ï Quarry views: Top - Gogolin, Middle Triassic, upper Oleneklan, portion of section with the 

third (i.e., the highest), bone-bearing horizon. The white scale bar on the top of the upper level equals 8.5 

cm. Centre - Krasiejów, Upper Triassic, Keuper/Norian, view of the currently excavated northeastern 

quarry face - bones occur at the boundary between the brownish and greyish layers. Bottom - Odra quarry 

(Upper Cretaceous, middle-upper Turonian) ï view of the currently excavated eastern face. Odra (new) 

quarry (Upper Cretaceous/middle-upper Turonian) - view of the eastern quarry face with two promiment 

marly levels in the 'Marly Limestones' unit (middle Turonian). Person for scale (photographs by A. 

Bodzioch, R.B. Konietzko and E.A. Jagt-Yazykova). 

 

Book design by Dorota Konietzko-Meier. 
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Upper Silesian Muschelkalk 
 

Adam Bodzioch
1,*

 and Monika Kowal-Linka
2 

 
1
Opole University, Department of Biosystematics, ul. Oleska 22, 45-052 Opole, Poland, e-

mail: abodzioch@uni.opole.pl (*corresponding author); 
2
A. Mickiewicz University, Institute 

of Geology, ul. Maków Polnych 16, 61-606 PoznaŒ, Poland 

 

 

Upper Silesia held a unique palaeogeographical position during the Middle 

Triassic, at the mouth of the strait that connected the Tethys Ocean with the 

European epicontinental sea, and within the range of a tropical climate (Fig. 1). 

Consequently, carbonate facies appeared here earlier than in Germany, the marine 

transgression progressing from the east to the west. The base of the Muschelkalk 

equates with the boundary between the Lower and Middle Triassic (Fig. 2). The 

uppermost part of the Röt, as well as the Lower and Middle Muschelkalk are all well 

exposed in this area, and these deposits record a transgressive-regressive cycle of the 

Lower Muschelkalk sea. 

 

Fig. 1. General palaeogeographical position of Upper Silesia (small black rectangle) during 

the Olenekian and Anisian (background: ©Ron Blakey, Colorado Plateau Geosystems, Inc., 

courtesy by Dr Ron Blakey). B: Burgundy Gate, closed at the time; active connections 

existed only via the eastern straits (Silesian-Moravian and East Carpathian gates). 
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Fig. 2. General litho- and chronostratigraphy of the Lower to Middle Triassic sequence 

outcropping in the Opole region (after Matysik, 2014; slightly modified). Abbreviations: 

TST: transgressive systems tract; HST: highstand systems tract; SB: sequence boundary; 

MFZ: maximum flooding zone; M. MU: Middle Muschelkalk; D.B: Diplopora Beds. Thick 

black lines to the right of the log indicate intervals to be visited; S1: Stop 1; S2: Stop 2. 
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Stop 1. Gogolin (abandoned quarries, Fig. 3): Marine Transgression. 

 

 

Fig. 3. Geographical setting of old abandoned quarries situated near Gogolin (from: 

http://maps.opolskie.pl/). A: the transgressive sequence; B: locality of bone horizons. 
 

The sequence includes the Rötkalk (sensu Assmann, 1933), which consists of carbonate 

deposits of the supralittoral and eulittoral zones, and sediments of the lowermost part of 

the Muschelkalk were laid down in a marine setting (Fig. 4). The section starts with 

brown to orange coloured, coarse-crystalline cellular limestones (dedolomites) 

containing pseudomorphs after evaporites, desiccation cracks, collapse breccias or 

cellular structure, which provide evidence of deposition in sabkhas and ephemeral 

supralittoral ponds (e.g., Bodzioch and Kwiatkowski, 1992; Kowal-Linka, 2010). 

Above, the sediment is gradually replaced by yellow to beige marly limestones 

containing remanié marine ostracods, foraminifera, gastropods and bivalves. These 

limestones, together with inserts of grey marl, were laid down in the eulittoral zone. 

Two grey bioclastic limestone layers with shell pavements and trace fossils, typical of 

the lowermost part of the Muschelkalk (Gogolin Formation, Zakrzów Crinoidal 

Limestone Member, Krapkowice Pelitic Limestone Bed sensu Kowal-Linka, 2009; 

compare Assmann, 1944) crop out in the higher part of the sequence. These are 

sublittoral sediments that were deposited under adverse weather conditions (storm 

deposits). Across this part of the section remains of cyanobacterial mats are commonly 

found, and they form at least three quite distinct horizons of insignificant thickness. 

Numerous remains of vertebrates, mainly marine reptiles (Dactylosaurus, 

Cymatosaurus, Nothosaurus) and a variety of fish are found in these (Fig. 5). The mats 

probably formed a trap for skeletal debris transported along the shoreline and induced 

accumulation of vertebrate skeletal parts (Kowal-Linka and Bodzioch, in prep.). The 
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age of bone horizons discovered here is late Olenekian (Nawrocki and Szulc, 2000); as 

such, they are among the very few, oldest assemblages of Mesozoic vertebrate faunas 

(Kowal-Linka and Bodzioch, 2012). 

 Numerous tempestites (cross-bedded and graded-bedded bioclastic limestones), 

bioturbated autochthonous muds (ichnofossil-rich micritic limestones) and deposits of 

skeletal shoals (thick, cross-bedded bioclastic limestone layers) forming the upper part 

of the Zakrzów Crinoidal Limestone Member (= limestone with Pecten and 

Dadocrinus, sensu Assmann, 1944) record the further progress of the transgression. 

This unit is highly fossiliferous, but vertebrate remains occur only sporadically. The 

continuous sedimentation was interrupted by an earthquake, which resulted in 

deposition of submarine landslide sediments (Szulc, 1993, 2000), represented by 

intraformational conglomerate and marl (the Skağa Marl Member = level of clayey 

marls). Subsequently, a temporary return to supralittoral conditions took place; this is 

documented by sabkha deposits of the Emilówka Cellular Limestone Member (marly 

limestones with cellular structure and voids after sulphates). 

 

Fig. 4. The Röt/Muschelkalk boundary in the vicinity of Gogolin (after Kowal-Linka and 

Bodzioch, 2012; supplemented). Note the rare occurrence of bones also in the DŃbr·wka 

Bioclastic Limestone Bed. 
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Fig. 5. Examples of vertebrate fossils from the Röt/Muschelkalk boundary at Gogolin. 1. T: 

reptile tooth (length 8,5 mm), R: reptile rib (length 14 mm); 2. Fragment of an unidentified long 

bone (length 22 mm); 3: Fragment of ilium, Nothosaurus (width 35 mm); 4: Spinous process, 

Nothosaurus (length 42 mm); 5: vertebra, Dactylosaurus (length 2 mm); 6: fish scales (each c. 2 

mm). 

 

Stop 2. G·raŨdŨe (active quarry, Fig. 6): The Lower Muschelkalk Sea. 

 

At the G·raŨdŨe quarry the highest part of the Gogolin Formation is exposed (Ligota 

Górna Wavy-Bedded Limestone Member sensu Kowal-Linka, 2008), as are the 

G·raŨdŨe and Dziewkowice formations (sensu NiedŦwiedzki, 2000) and the base of the 

Karchowice Formation (sensu Bodzioch, 1997). 
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The G·raŨdŨe Formation consists of beige, thick-bedded granular limestone with 

intercalations of pelitic limestone. Granular limestone usually shows large scale cross-

stratification and large wave-formed ripple marks on their top surfaces. They mainly 

consist of oncoids accompanied by bioclasts, ooids, and sparite bonded peloids. Pelitic 

layers tend to show bioturbation structures produced by organisms living in the 

sediment, and their top surfaces contain numerous burrows left by non-skeletal animals. 

The whole formation represents a barrier facies of a carbonate ramp. 

 

Fig. 6. Geographical setting of the G·raŨdŨe quarry (from: http://maps.opolskie.pl/). A: section 

to be visited. 
 

 The G·raŨdŨe Formation consists of beige, thick-bedded granular limestone with 

intercalations of pelitic limestone. Granular limestone usually shows large-scale cross-

stratification and large wave-formed ripple marks on their top surfaces. They mainly 

consist of oncoids accompanied by bioclasts, ooids and sparite-bonded peloids. Pelitic 

layers tend to show bioturbation structures produced by organisms living in the 

sediment, and their top surfaces contain numerous burrows left by non-skeletonised 

animals. The whole formation represents the barrier facies of a carbonate ramp. 

The Dziewkowice Formation is distinguished by its dark grey colour; it can be 

subdivided into three parts, as follows: 

- lower: wavy-bedded pelitic limestone, 

- middle (main crinoid bed): beige bioclastic limestone with large-scale 

cross-bedding, 

- upper: brachiopod coquinas and pelitic limestone showing bioturbation 

structures in the lower part, and in the upper part wavy pelitic limestone 

with inserts of thin bioclastic limestone. 
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This formation represents an off-barrier facies, embedded in the deepest part of the 

Upper Silesian basin. This deepening can be explained by synsedimentary tectonic 

activity (Szulc, 1993, 2000). The rich fossil assemblage consists mainly of brachiopods, 

molluscs and echinoderms (e.g., Kaim, 1997). Occasionally, however, vertebrate 

remains can also be found (e.g., ChrzŃstek and NiedŦwiedzki, 1998). 

 The Karchowice Formation represents reef facies that formed during regression of 

the Lower Muschelkalk sea (Bodzioch, 1997, 2005; Matysik, 2010). It consists of 

biohermal limestone built by hexactinellid sponges (Pisera and Bodzioch, 1991) and 

scleractinian corals (Morycowa, 1988; Morycowa and Szulc, 2006), accompanied by 

taxonomically highly diverse molluscs and echinoderms. Both sponges and corals of 

the Karchowice Formation are the oldest Mesozoic representatives of their orders. 

Similarly, the reefs themselves are also the oldest Mesozoic sponge-coral reefs. 
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The Triassic world of Krasiejów 
 

Kamil Gruntmejer
1*

, Dorota Konietzko-Meier
1,2

 and Adam Bodzioch
1
 

 
 

1 Uniwersytet Opolski, Katedra Biosystematyki (Paleobiologii), ul. Oleska 22, 45-052 Opole, Poland, e-

mail: gruntmejerkamil@gmail.com (*corresponding author); 2 Steinmann Institut, Universität Bonn, 

Nussallee 8, 53115 Bonn, Germany 

 

 

Krasiejów is a small village some 20 kilometres east of Opole. In recent years, 

it has rapidly become a mecca for lovers of palaeontology from all over the world. The 

prime reason is the sheer abundance of accumulated fossil vertebrates on the grounds of 

old brickworks for which claystones were excavated in an open-cast mine (Dzik and 

Sulej, 2007). The age of these rocks and the fossils that they contain is Late Triassic, 

but a more precise dating (i.e., either Carnian, Norian or Rhaetian) still is ambiguous. 

Generally, the view is that the claystones at Krasiejów were not laid down earlier than 

latest Carnian (230-225 million years ago, Ma) and no later than middle Norian (220-

210 Ma) (Gruszka and ZieliŒski, 2008). As far as the geological time scale is 

concerned, this is merely a narrow age range difference, but from the point of view of 

the evolution of terrestrial Triassic vertebrates it does make quite a difference! 

 

Locality and geological setting 

 

What did present-day Silesia look like during the Late Triassic? The wider 

surroundings of Krasiejów area were quite flat, except for the southwestern edges of 

Poland (Fig. 1), where elevated terrain remained, representing remains of deeply eroded 

Variscan rock formations. Mainly from there, rivers proceeded and formed more or less 

extensive backwaters and swamps, separating islands from the dry mainland. This area 

was situated much further south on the globe during the Triassic, under warm, 

subtropical climatic conditions and the impact of monsoon rains.  

Because of these circumstances air temperatures were very similar to those of the 

present-day Mediterranean basin, with merely two seasons; a rainy (summer) and dry 

(winter) one. Under such conditions, rivers swelled during summer and extended far 

beyond their beds, whereas in winter they almost disappeared and marsh and swamp 

areas decreased in size. Occasionally, rainfall was very intense which locally led to 

flooding. Just as a result of one of such floods, the extensive accumulation of fossil 

bones came into being in what is now Krasiejów (Gruszka and ZieliŒski, 2008). The 
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rapid rise of flood waters washed out skeletal remains from neighbouring areas, and 

transported them to their final site of burial (Fig. 2). 

  

Fig. 1. Position of the Krasiejów site within Poland (left; from Gruszka and ZieliŒski, 2008) and 

location of Europe during the latest Triassic (right: ©Ron Blakey, Colorado Plateau Geosystems, 

Inc., courtesy by Dr Ron Blakey). 

 

During transportation and prior to deposition, material was segregated, 

intermingled and often damaged as well (Bodzioch and Kowal-Linka, 2012). This 

explains why entire skeletons with proper anatomical arrangement of all elements are 

rare at Krasiejów. However, the rapid process of bone bed accumulation meant that 

interspersed bones of various animal species are now very numerous. Remains of large-

sized vertebrates are present in both upper and lower claystone horizons (bone beds).  

These two levels are separated by a several layers of claystones and siltstones with a 

thin veins of carbonate concentration (Fig. 3). The lower bone-bearing horizon is 

situated about 10 metres below ground surface and is still exploited for fossils. This 

comprises the richest bone accumulation of aquatic (Metoposaurus and Paleorhinus), 

semi-aquatic (Cyclotosaurus) and terrestrial (Stagonolepis and Polonosuchus) taxa 

(Bodzioch and Kowal-Linka,  2012). The upper horizon is at two metres below ground 

level, and has already been exploited within the limits of the Krasiejów bone bed. The 

most famous taxon from Krasiejów, the dinosauromorph Silesaurus opolensis, stems 

from this particular horizon. 
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