
 

List  of Appendices 

 

 
Appendix 1: 

 

Huġkov§, A., & Slav²k, L., 2021. Morphologically distinct ozarkodinids (Conodonta) at the 

Silurian-Devonian boundary: review and correlation. Bulletin of Geosciences, 96(3), 327ï340. 

 

 
Appendix 2: 

 

Huġkov§, A., & Slav²k, L., 2020. In search of Silurian/Devonian boundary conodont markers 

in carbonate environments of the Prague Synform (Czech Republic). Palaeogeography, 

Palaeoclimatology, Palaeoecology, 549, 109126: 1ï17. 

 

 
Appendix 3: 

 

Suttner, T. J., Kido, E., Ariunchimeg, Y., Sersmaa, G., Waters, J. A., Carmichael, S. K., 

Batchelor, C. J., Ariuntogos M., Huġkov§, A., Slav²k, L., Valenzuela-R²os, J. I., Liao, J.-C., & 

Gatovsky, Y. A., 2020. Conodonts from Late Devonian island arc settings (Baruunhuurai 

Terrane, western Mongolia). Palaeogeography, Palaeoclimatology, Palaeoecology, 549, 

109099: 1ï22. 



Morphologically  distinct  P1 elements  of  Zieglerodina 
(Conodonta) at the Silurian ïDevonian boundary: 
review  and  correlation  

ANETA HUĠKOVĆ & LADISLAV SLAVĉK 

 

The P1 elements of the conodonts Zieglerodina paucidentata Murphy & Matti, 1982, and Zieglerodina petrea 

Huġkov§ & Slav²k, 2020, share similar gap in their denticulation, a characteristic easily recognizable among rather 

morphologically similar spathognathodontids from near the SilurianïDevonian boundary. The ambiguity in the 

diagnosis of Z. paucidentata (an earliest Lochkovian species) may affect precision in the recognition of the boundary. 

New geographic occurrences of Z. petrea in the Cellon section from the Carnic Alps, and Z. cf. paucidentata from 

the Atrous section in Morocco is reported. The revised data have shown that some specimens previously described as 

Z. paucidentata or Z. cf. paucidentata probably belong to other taxa; and therefore, their applicability for correlation 

of the SilurianïDevonian boundary is limited. Å Key words: SilurianïDevonian boundary, conodonts, biostratigraphy. 
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In many parts of the world, the base of the Devonian 

is generally characterized by the prevailing onset of 

carbonate sedimentation. The index fossil for the base of 

the Lochkovian is the graptolite Monograptus uniformis 

PŚibyl, 1940; however, because of dominating carbonates, 

the lowermost Devonian stratigraphy must rely on other 

faunal groups, especially conodonts. Owing to their 

abundance in carbonate successions and their global 

distribution, in many cases conodonts are the only faunal 

group that permits recognition of the SilurianïDevonian 

boundary (corresponds to the conodont hesperiusïoptima 

Zone). In many studies over the past decades conodont 

zonations for the uppermost PŚ²dol² and the lowermost 

Lochkovian had been established (e.g., Walliser 1964, 

Klapper 1977, Ziegler 1979, Jeppsson 1988, Aldridge & 

Schºnlaub 1989, Nowlan 1995, Corradini & Serpagli 

1999, Corriga & Corradini 2009, Corradini & Corriga 

2012, Slav²k et al. 2012, Schºnlaub et al. 2017, Slav²k in 

Vacek et al. 2018, Spiridonov et al. 2020; for a detailed 

overview see Huġkov§ & Slav²k 2020). 

In spite of the general consensus of the biostrati-

graphical importance of the entry of Icriodus Branson & 

Mehl, 1938, and recognition of the hesperius or hesperiusï 
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optima zones for the lowermost Lochkovian (Corradini 

& Corriga 2012, Slav²k et al. 2012, Schºnlaub et al. 

2017, Slav²k in Vacek et al. 2018), in some sections these 

important markers are missing due to paleoenvironmental 

constrains. The frequent absence of icriodontids, which 

were dependent on a shallower-water environment and 

less tolerant to water depth (cf. Huġkov§ & Slav²k 2020), 

makes biostratigraphical correlation of the boundary 

problematic (see Jeppsson 1988 1989; Corradini & Cor-

riga 2010; Zhao & Zhu 2014; Slav²k 2017). As a con-

sequence, some recent studies were focused on the 

ozarkodinids (family Spathognathodontidae) and its 

potential for the improvement of the global conodont 

biostratigraphy of the SilurianïDevonian boundary (e.g., 

Murphy et al. 2004, Carls et al. 2007, Slav²k 2011, Slav²k et 

al. 2012, Corradini & Corriga 2012, Peavey 2013, Huġkov§ 

& Slav²k 2020). Representatives of this conodont family 

are critical for the biostratigraphic subdivision of both 

the PŚ²dol²: e.g., Zieglerodina zellmeri Carls et al., 2007; 

Z. ivochlupaci Carls et al., 2007; ñOzarkodinaò eostein-

hornensis s.s. (Walliser, 1964); Z. klonkensis Carls et al., 

2007 (Slav²k in Vacek et al. 2018); Z. eladioi (Valenzuela-

R²os, 1994); and the Lochkovian O. optima (Moskalenko, 
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1966); Z. remscheidensis (Ziegler, 1960); Wurmiella ex-

cavata (Branson et Mehl, 1933); and others (cf. Slav²k et al. 

2012). 

The genus Zieglerodina Murphy, Valenzuela-R²os & 

Carls, 2004 includes critical species for biostratigraphy 

previously placed in the ñremscheidensis Groupò of 

ozarkodinids (e.g., Z. remscheidensis, Z. klonkensis, 

Z. ivochlupaci, Z. zellmeri, and Z. eladioi). The species 

recently added to this genus are Z. paucidentata Murphy 

& Matti, 1982, re-classified by Drygant & Szaniawski 

(2012), and Z. petrea Huġkov§ & Slav²k, 2020. In this 

paper the lowermost Devonian occurrences of these two 

taxa are discussed, including the material from Otto 

Walliserᾷs collection, which was studied at Gºttingen 

University. The aim of the present paper is to compare 

the conodont succession in the samples from the different 

sections with a focus on the distinct denticulation in 

spathognathodontid platform elements of Zieglerodina 

and their potential for biostratigraphical correlation of 

the SilurianïDevonian boundary. The specimens studied 

come from several sections of different areas of the 

world; e.g., Cellon section (Carnic Alps, Austria), Altrous 

3 section (Anti-Atlas, Morocco), and Klonk section (Prague 

Synform, Czech Republic). The conodont specimens were 

also compared with those from the Praha-Radot²n and 

Na Poģ§rech sections (Prague Synform, Czech Republic). 

 
 

Silurian ïDevonia n boundary ï Historical 
overview  

 
Barrande (1846) included the lowermost Lochkovian beds 

with a dominance of carbonates in his ñ£tage Ee2ò, while 

the overlying ñ£tage Ff1ò unites sequences of shales and 

carbonate beds. These ñ£tagesò were identified in the 

Prague Synform and have been used all over the world 

until close to the end of the 20th century. In 1984 (KŚ²ģ 

et al. 1986), modern subdivisions were established ï

including PŚ²dol² (for the uppermost Silurian) and 

Lochkovian (for the lowermost Devonian). 

The GSSP section of the SilurianïDevonian boundary 

was defined in 1972 at the Klonk section in the Prague 

Synform. Since then, many biostratigraphic studies have 

been performed including the very detailed paleontological 

studies on trilobites by Chlup§ļ (1971, 1983); brachiopods 

by Havl²ļek & Ġtorch (1990), Havl²ļek (1999); bivalves 

by KŚ²ģ (1998, 1999); cephalopods by Manda (2001), 

Manda & FrĨda (2010); gastropods by FrĨda & Manda 

(1997); chitinozoa by Paris et al. 1981, Fatka et al. (2006), 

etc.; conodonts by Barnett (1972), Mehrtens & Barnett 

(1976), Jeppsson (1988, 1989), Slav²k (2004a,b, 2011, 

2017), Carls et al. (2005, 2007, 2008), Slav²k et al. (2009, 

2010, 2012), Slav²k & Carls (2012), Slav²k & Hladil 

(2020); as well as sedimentological and geochemical 

studies by Hladil (1991, 1992), Crick et al., (2001), FrĨda 

et al. (2002), Buggisch & Mann (2004), Vacek (2007), 

Lehnert et al. (2007), Vacek et al. (2010), Kopt²kov§ et al. 

(2010a, 2010b), Manda & FrĨda (2010), Munnecke et al. 

(2011), Gocke et al. (2012), and Vacek et al. (2018). 

There are many regions where the SilurianïDevonian 

boundary has been documented: Australia ï New South 

Wales and Victoria (Garratt &  Wright 1988, Packham 

et al. 2001, V®rard 2009); Argentine ï Precordillera (Garc²a-

Muro et al. 2014); Algeria (Kermandji 2007); Canada ï

Canadian Arctic islands, Ontario and Yukon Territory 

(Lenz 1968, 1982, 1988; Telford 1988; Mªrss et al. 1998); 

China ï Yunnan Province and Guangxi Province (Zhao & 

Zhu 2010, 2014; Zhao et al. 2015); England (Holland & 

Richardson in Martinsson et al. 1977); Greenland (Blom 

1999); Germany ï Frankenwald (Carls et al. 2007); Italy ï

Carnic Alps and Sardinia (Corriga & Corradini 2009; 

Corradini & Corriga 2010, 2012; Corriga et al. 2016); 

Kazakhstan (Bandaletov & Mikhajlova 1971); Libya 

(Rubinstein & Steemans 2002); Morocco ï Anti-Atlas 

(Crick et al. 2001, Lubeseder 2008, Corriga et al. 2014); 

Mexico ï Sonora (Boucot et al. 2008); Poland ï Bardzkie 

Mountains (Porňbska &  Sawğowicz 1997); Russia ï South 

Urals (Mavrinskaya & Slav²k 2013); Spain ï East Iberian 

Chains and Guadarrama (Carls in Martinsson 1977); 

Turkey ï Hazro Area (Kranendonck 2004); Thailand 

(Burret et al. 1986); USA ï Alaska (Blodgett et al. 1988), 

Nevada (Klapper & Murphy 1975, Murphy & Matti 1982), 

Appalachian Mountains (Saltzman 2002); Ukraine ï

Podolia (Paris & Grahn 1996; Drygant & Szaniawski 

2009, 2012; Mağkowski et al. 2009; Wrona 2009; Drygant 

2010; BaliŒski 2012; Racki et al. 2012). 

 
 

Paleogeographic  distribution  
of  Spathognathodontid  conodonts  

 
Spathognathodontid conodonts are abundant in strata 

around the SilurianïDevonian boundary. They have been 

described from many areas: e.g., Australia ï Queensland, 

New South Wales (Simpson 2000, Farrell 2004); Austria ï

Carnic Alps (Suttner 2009); Baltica ï Lithuania (Spiri-

donov 2020); Czech Republic ï Prague Synform (Walliser 

1964, Schºnlaub in Chlup§ļ et al. 1980, KŚ²ģ et al. 1986, 

Carls et al. 2007, Slav²k 2011, Slav²k et al. 2012, Huġkov§ 

& Slav²k 2020); Germany ï Frankenwald (Carls et al. 

2007); Italy ï Carnic Alps and Sardinia (Walliser 1964; 

Corradini 2007; Corriga & Corradini 2009; Corradini & 

Corriga 2010, 2012; Corriga et al. 2016; Schºnlaub et al. 

2017); Mexico ï Sonora (Boucot et al. 2008); Morocco ï

Anti-Atlas (Corriga et al. 2014); Pakistan ï Peshawar Basin 

(Mawson et al. 2003); Spain ï East Iberian Chains and 

Guadarrama (Carls in Martinsson 1977); USA ï Alaska 

(Blodgett et al. 1988), Nevada (Klapper & Murphy 1975, 
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Figure 1. A ï paleogeographic distribution of the Zieglerodina paucidentata, Zieglerodina cf. paucidentata and Z. petrea in the earliest Devonian. 

Legend: 1 ï Coal Canyon, Nevada (Murphy & Matti 1982); 2 ï Rancho Placeritos area, westïcentral Sonora, Mexico (Boucot et al. 2008); 3 ï Mount 

Michelson, Alaska, USA (Blodgett et al. 1988); 4 ï Podolia, Ukraine (Drygant & Szaniawski 2012); 5 ï Prague Synform, Czech Republic (Huġkov§ 

& Slav²k 2020); 6 ï Carnic Alps, Austria (Suttner et al. 2007, this contribution); 7 ï South Urals, Russia (Mavrinskaya & Slav²k 2013); 8 ï Peshawar 

Basin, Pakistan (Mawson et al. 2003); 9 ï Western New South Wales, Australia (Mathieson et al. 2016). Å B ï stratigraphic range of Lower Devonian 

taxa described as ñZieglerodina paucidentataò, ñZieglerodina cf. paucidentataò and Z. petrea. 

 

Murphy & Matti 1982), New York (Kleffner et al. 2009); 

Ukraine ï Podolia (Drygant & Szaniawski 2009, 2012); 

Russia ï South Urals (Mavrinskaya & Slav²k 2013). Data 

from sections from Austria, Czech Republic, Germany, 

Missouri, and Nevada were incorporated into the novel 

taxonomic concept of Spathognathodontidae by Murphy 

et al. (2004), who re-classified many spathognathodontid 

taxa and established new genera. The latest Silurian 

spathognathodontids from North America were the 

subject of dissertation by Peavey (2013). Her study 

defined two different groups of taxa within the spatho-

gnathodontid family, which could be indicative of palaeo-

climatic changes. Despite the representatives of the 

genus Zieglerodina that have been presented in all of 

above mentioned regions of the world, occurrences of 

Z. paucidentata and Z. petrea are also relatively wide-

spread, but only in low numbers of specimens per sample 

(see Fig. 1 and Tab. 1 that show a global dispersal of taxa 

possessing a gap in denticulation = the ñpaucidentate 

morphologyò). 

 
 

Material  and  methods  
 

Conodont material described in this publication comes 

from four sections. Samples from the Praha-Radot²n and 

Na Poģ§rech sections were collected and processed using 

standard techniques employing 8% solution of formic 

or acetic acid and the residues were concentrated using 

heavy liquids (tribrommethane). Described elements and 

the rest of conodont material are deposited at the Institute 

of Geology of the Czech Academy of Sciences (Prague, 

Czech Republic). Material from the Cellon section (Carnic 

Alps) and Atrous 3 section (Morocco) was collected 

and processed by prof. Otto Walliser. This material was 

studied in the conodont collection at the Georg-August-

Universitªt (Gºttingen, Germany). 

 
 

Zieglerodina  petrea  and Z.  paucidentata : 
comparison and relationships 

 
The paleogeographic distribution of Zieglerodina petrea 

and Z. paucidentata is not regular (Tab. 1). Z. petrea has 

been reported only from the southern margin of Gon-

dwana, but Z. paucidentata has also been documented 

from Laurentia and Baltica. The restricted geographic 

distribution of Z. petrea may be a matter of few studies of 

this recently recognized taxon. 

The stratigraphic ranges of these two species are also 

different. Z. petrea is only documented from the lowermost 

Lochkovian (hesperiusïoptima Zone). While specimens 

described as Z. paucidentata are known from sections of 

the lowermost Lochkovian (hesperiusïoptima Zone), as 

well as from both the Pragian (?Caudicriodus steinachensis 

Zone and sulcatus Zone) and the Emsian (gronbergi Zone) 

For more detailed information see Tab. 1. 

The P1 elements of Z. paucidentata and Z. petrea 

share a gap between the cusp and the denticles at the 

(conventional) posterior part of the element, but according 

to Murphy & Matti (1982), the gap in Z. paucidentata is 

followed by up to four reduced denticles. They are only 

slightly developed or absent; and followed by a two, 

three of four denticles on the posterior part, but none of 

A B 
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Table  1.  Global paleogeographic and biostratigraphic distribution of Zieglerodina paucidentata Murphy & Matti, 1982; Zieglerodina cf. paucidentata 

Murphy & Matti, 1982; Zieglerodina aff. paucidentata Murphy & Matti, 1982; and Zieglerodina petrea Huġkov§ & Slav²k, 2020. Original names of 

biozones are given. Abbreviations: Z. = Zieglerodina; O. = Ozarkodina. 

 

Species Publication Significant associated conodont taxa Location/section Stratigraphy 

Ozarkodina Murphy & Icriodus woschmidti hesperius Klapper & Murphy, 1975; Central Nevada, Coal lowermost Lochkovian 

paucidentata Matti (1982) Oz. remscheidensis (Ziegler, 1960). Canyon; N Simpson 

Park Range 

(woschmidtiï 

eurekaensis Zone) 

Ozarkodina Boucot et al. Sample 2: only Oz. paucidentata (Murphy & Matti, Mexico, San Miguel lowermost Lochkovian 

paucidentata (2008) 1982). Sample 3: Oz. paucidentata (Murphy & Matti, 

1982) together with Icriodus woschmidti Ziegler, 1960 

and Oz. cf. Oz. pandora (Murphy et al., 1981). 

Fm., Rancho Placeritos 

area, west-central 

Sonora 

(woschmidti Zone) 

Zieglerodina Drygant & Sample 52/510 m: only with Z. cf. paucidentata (Murphy Podolia, Ivanye Zolote lowermost Pragian 

paucidentata Szaniawski 

(2012) 

& Matti, 1982). section (?Caudicriodus 

steinachensis Zone) 

Ozarkodina Mathieson et Caudicriodus ampliatus Mathieson et al., 2016; Australia, Cobar Pragian 

paucidentata al. (2016) Eognathodus sulcatus lanei Mathieson et al., 2016; Oz. 

selfi Lane & Ormiston, 1979; Panderodus unicostatus 

(Branson & Mehl, 1933); Wurmiella excavata (Branson 

& Mehl, 1933); Z. remscheidensis (Ziegler, 1960). 

Supergroup, western 

New South Wales 

(sulcatus Zone) 

Ozarkodina cf. Blodgett et Polygnathus aff. perbonus (Philip, 1966), above the USA, Alaska, Mt. lower Emsian 

paucidentata al. (1988) sample with the Oz. cf. paucid. (Murphy & Matti, 1982). Michelson (gronbergi Zone) 

Ozarkodina cf. Mawson et Oz. r. remscheisensis (Ziegler, 1960); Oz. excavata Pakistan, Peshawar lower Lochkovian 

paucidentata al. (2003) excavata (Branson & Mehl, 1933); Ozarkodina sp. 

Branson & Mehl, 1933. 

basin, Nowshera, 

Kandar-Pir Sabak area 

(woschmidti Zone) 

Zieglerodina cf. Drygant & Sample 52/490 m: Z. serrula; Z. mashkovae; Z. Podolia, Ivanye Zolote lowermost Pragian 

paucidentata Szaniawski 

(2012) 

paucidentata (Murphy & Matti, 1982); Pedavis cf. 

breviramus Murphy & Matti, 1982, Pandorinellina 

praeoptima (Mashkova, 1972); Pelekysgnathus csakyi 

(Chatterton & Perry, 1977); ?Pandorinellina parva 

Drygant & Szaniawski, 2012. Sample 52/510 m: only 

with Z. paucidentata (Murphy & Matti, 1982) 

section (?Caudicriodus 

steinachensis Zone) 

Zieglerodina cf. 

paucidentata 

This 

contribution 

 Austria, Carnic Alps, 

Cellon Section 

lowermost Lochkovian 

(hesperiusïoptima 

Zone) 

Zieglerodina cf. 

paucidentata 

This 

contribution 

 Morocco, Anti-Atlas, 

Atrous 3 section 

lowermost Lochkovian 

(hesperiusïoptima 

Zone) 

Ozarkodina aff. Suttner Oz. rems. remscheidensis (Ziegler, 1960); Oz. excavata Austria, Carnic Alps, lowermost Lochkovian 

O. paucidentata (2007) excavata (Branson & Mehl, 1933); Lanea telleri 

(Schulze, 1968); Lanea eoeleanorae Murphy & 

Valenzuela-R²os, 1999; Oz. aff. Oz. pandora alpha and 

beta morph (Murphy et al., 1981). 

Rauchkofel formation, 

Seewarte section 

(?A. delta Zone) 

ñOzarkodinaò Mavrinskaya Pelekysgnathus serratus cf. guadarramensis Valenzuela- Russia, South Urals, Lochkovian 

aff. 

paucidentata 

& Slav²k 

(2013) 

R²os, 1994. Mindigulovo Section (eoeleanor.ïeleanor. 

Zone) 

Zieglerodina Huġkov§ & Z. cf. zellmeri Carls et al., 2007; Z. cf. remscheidensis Czech Republic, Prague lowermost Lochkovian 

petrea Slav²k (2020) (Ziegler, 1960); Zieglerodina sp.; Ozarkodina sp.; 

Icriodus hesperius Klapper & Murphy, 1975; Icriodus cf. 

w. woschmidti Ziegler, 1960. 

Synform, Radot²n 

section 

(hesperiusïoptima 

Zone) 

Zieglerodina Huġkov§ & Oz. cf. optima (Moskalenko, 1966); Zieglerodina sp.; Czech Republic, Prague lowermost Lochkovian 

petrea Slav²k (2020) Icriodus hesperius Klapper & Murphy, 1975. Synform, Na Poģ§rech 

section 

(hesperiusïoptima 

Zone) 

Zieglerodina 

petrea 

This 

contribution 

 Austria, Carnic Alps, 

Cellon Section 

lowermost Lochkovian 

(hesperiusïoptima Zone) 
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them are more distinct than the cusp. The total number 

of denticles in mature elements is around 15. The basal 

cavity is situated in the central part of the element, and 

the lobes are open widely and circular. The base lobes can 

be symmetrical or slightly asymmetrical (for more details 

also see Figs 2 and 3 as well as the systematic part below). 

Compared to that, the P1 elements of Z. petrea differ from 

the previous taxon: on the posterior part of element is only 

a small gap followed by two denticles, from which one of 

them is usually comparable to the cusp in size. Z. petrea 

also has a lower number of denticles ï usually around 12 

or 13 in mature elements. The basal cavity is situated in 

the posterior part, and its lobes are open widely and asym-

metrical. 

It is possible that the replacement of the denticles with 

the gap is not connected with just one stratigraphic level. 

Hence, Z. paucidentata from the lowermost Lochkovian 

may not be related to the ñpaucidentateò (= possessing 

a gap) forms from the younger biostratigraphic levels. 

They emerge at stratigraphic levels, where specific 

paleoecological conditions may change more rapidly 

than continuous change of temperature from the colder 

PŚ²dol² to warmer Lochkovian, chemical changes in ocean 

water and global sea level fluctuation (e.g., Crick et al. 

2001, Spiridonov et al. 2020), and the organisms had to 

adapt to the new conditions or migrate. The conodont 

diversity above the base of the Devonian increased. Not 

only the diversity of the spathognathodontids is there 

slightly higher, but also the new genus Icriodus enters. 

This marks a striking change in icriodontids that were 

dominantly represented during the Silurian by the genus 

Pedavis Klapper & Philip, 1971. The entry of Icriodus 

was a global event. Slav²k &  Hladil (2020) introduced the 

Icriodus Event that represents the origin and rapid global 

dispersal of the genus. This should not be mistaken by 

the often misused Klonk Event by Jeppsson (1998) that 

has been recently misunderstood by Barrick et al. (2021). 

The origin of the early Devonian taxa of the family 

Icriodontidae is also uncertain, as is the exact phylogenetic 

relationships among the youngest Icriodus species [e.g., 

I. hesperius Klapper & Murphy, 1975; I. woschmidti 

Ziegler, 1960; and I. postwoschmidti (Mashkova, 1968); 

Carls et al. 2007, and the recently described new taxa 

from Laurentia by Barrick et al. 2021]. 

Most of the elements that were previously classified as 

Zieglerodina paucidentata resemble those of this species 

in the gap between the cusp and the remaining denticles 

but differ in other aspects. These include the number 

of denticles in mature elements and the proportions of 

the basal cavity. Several groups of elements previously 

described as Z. paucidentata and Z. petrea that differ 

morphologically have been distinguished (Fig. 2). The 

first group strictly follows the characteristics of Z. petrea. 

The second group includes elements, which resemble 

 

 
 

Figure 2. Drawing of selected spathognathodontids P1 elements with 

distinct gap clustered into groups (1, 2, 3, 4, 5, 6) based on morphological 

similarities, with tentative interpretation of their phylogeny. Group 1 

strictly follows the characteristics of Z. petrea. Group 2 and 3 includes 

elements, which occurs in Lower Lochkovian and resemble Z. petrea and 

Z. paucidentata. Group 4 bears the characteristics of Z. paucidentata. 

Group 5 and 6 occurs in the Pragian and resemble Z. petrea and 

Z. paucidentata. For details see text. Legend: A ï Zieglerodina petrea 

Huġkov§ & Slav²k, 2020, Na Poģ§rech section, sample POZ5, cat. No. 

POZ-5001, lower Lochkovian; B ï Zieglerodina petrea Huġkov§ & 

Slav²k, 2020, holotype, Radot²n Section, published in Huġkov§ & Slav²k 

(2020, fig. 6e), lower Lochkovian; C ï ñOzarkodinaò aff. paucidentata 

Murphy & Matti, 1982, published in Mavrinskaya & Slav²k (2013, fig. 6j), 

Mindigulovo Section, Lochkovian; D ï Ozarkodina cf. paucidentata 

Murphy & Matti, 1982, published in Mawson et al. (2003, pl. 4, fig. 19), 

KandarïPir Sabak area, Lower Lochkovian; E ï Zieglerodina cf. 

paucidentata Murphy & Matti, 1982, sample Wa3722ï22, Atrous 

3 section, cat. No. GZG.MP.4987, lower Lochkovian; F ï Zieglerodina 

paucidentata Murphy & Matti, 1982, published in Murphy & Matti 

(1982, pl. 1, fig. 25), Coal Canyon section, Lower Lochkovian; 

G ï Ozarkodina paucidentata Murphy & Matti, 1982, published in 

Mathieson et al. (2016, fig. 32i), section western New South Wales ï

Trundle, Pragian; H ï Zieglerodina cf. paucidentata Murphy & Matti, 

1982, published in Drygant & Szaniawski (2012, fig. 11t), Ivanye Zolote 

section, Pragian; I ï Zieglerodina cf. paucidentata Murphy & Matti, 

1982, published in Drygant & Szaniawski (2012, fig. 11r), Ivanye Zolote 

section, Pragian. 

 

 

Z. petrea and Z. paucidentata with other traits, but the 

gap between the denticles is not so prominent. It can be 

considered as incipient, still possessing small denticles 

in the critical part of the posterior part of the element. 

The third group shows more of the characteristics of 

Z. petrea than of Z. paucidentata; the gap is followed 
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by only two denticles, the total number of denticles is 

low (around 10), and the basal lobes are asymmetrical. 

This group also has a few characteristics that resemble 

Z. paucidentata, these being: denticles visibly smaller than 

the cusp, and the basal cavity almost in the middle part 

of element. The fourth group bears the characteristics of 

Z. paucidentata. These groups have representatives in the 

Lochkovian. The fifth group has traits more characteristic 

for Z. paucidentata ï mainly the presence of a smaller 

denticle or denticles in the gap, the basal cavity is in 

the middle part of the element; but it also shows some 

similarity to Z. petrea ï as the total number of denticles is 

around 10. However, an element of the fifth group occurs 

in the Pragian, which means it is several million years 

younger than the morphologically convergent earliest 

Devonian specimens. The sixth group stands apart from 

the previous ones as it is different from the others. It only 

shares the gap between denticles. The other parameters are 

completely different ï the size of the element (although it 

can be influenced by the maturity of the element), the 

number of denticles, and the constricted basal platform. 

Elements allocated to this group are younger as well and 

occur in the Pragian. The differences in morphology of the 

figured specimens can also be the result of intraspecific 

variation reflecting paleoenvironmental conditions at the 

regional level. 

 
 

Systematic  paleontology  
 

Class Conodonta Eichenberg, 1930 sensu Sweet & 

Donoghue (2001) 

Order Ozarkodinida Dzik, 1976 

Family Spathognathodontidae Hass, 1959 

 
Genus Zieglerodina Murphy,  Valenzuela-R²os &  Carls, 

2004 

 
Type species. ï Spathognathodus remscheidensis Ziegler, 

1960. 

 
Remarks. ï Genus Zieglerodina was established by 

Murphy et al. (2004) to include the ozarkodinids of the 

ñremscheidensis Groupò. The diagnosis of ñOzarkodinaò 

remscheidensis Ziegler, 1960 was restricted to morphs 

very similar to the holotype (Ziegler 1960, pl. 13, fig. 

2). Afterwards, Carls et al. (2007) introduced three 

new species to discriminate forms from the PŚ²dol² 

(Z. klonkensis Carls et al., 2007; Z. ivochlupaci Carls 

et al., 2007; and Z. zellmeri Carls et al., 2007). Drygant 

(2010) described Z. podolica Drygant, 2010, and moved 

Ozarkodina mashkovae (Drygant, 1984), Oz. serrula 

(Drygant, 1984), as well as ñOz.ò planilingua (Murphy & 

Valenzuela-R²os, 1999) to Zieglerodina. The assignment 

of the latter species to Zieglerodina has been confirmed 

by Corriga et al. (2014) on the basis of a reconstruction 

of the apparatus. Corriga (2007, 2011) considered 

Ozarkodina eladioi (Valenzuela-R²os, 1994) as a species 

of Zieglerodina, which was later confirmed in Corriga 

& Corradini (2019) by description of its completed 

apparatus. Drygant & Szaniawski (2012) moved Oz. 

prosoplatys (Mawson et al., 2003) and Oz. paucidentata 

(Murphy & Matti, 1982) to the genus Zieglerodina, and 

Corriga et al. (2016) also added Pandorinellina formosa 

(Drygant, 2010) to the genus. 

However, it should be noted that the generic attri-

bution of all of the species mentioned above would only 

be confirmed when the complete apparatuses are recon-

structed (as has been done for Zieglerodina eladioi by 

Corriga & Corradini 2019). 

 
Zieglerodina cf. paucidentata (Murphy & Matti, 1982) 

Figures 2D, E, I; 3C, F 

 
? 1964  Spathognathodus steinhornensis remscheidensis 

Ziegler. ï Walliser, pl. 20, fig. 26. 

1975 Ozarkodina n. sp. E. ï Klapper & Murphy, p. 44, 

pl. 7, figs 6, 9, 10. 

1977 Ozarkodina n. sp. E. Klapper & Murphy. ï Klapper, 

p. 51. 

cf. 1982 Ozarkodina paucidentata n. sp.; Murphy & Matti, 

p. 9ï10, pl. 1, figs 25ï32, 39, 40. 

2003 Ozarkodina sp. cf. O. paucidentata Murphy & Matti. ï 

Mawson et al., p. 93, pl. 4, figs 19, 20. 

2007 Ozarkodina aff. O. paucidentata Murphy & Matti. ï

Suttner, pp. 38, 39, pl. 18, fig. 10. 

non 2012 Zieglerodina paucidentata (Murphy & Matti). ï Drygant 

& Szaniawski, p. 851, fig. 11r. 

non 2012 Zieglerodina cf. paucidentata (Murphy & Matti). ï

Drygant & Szaniawski, p. 851, fig. 11s, t. 

non 2013 ñOzarkodinaò aff. paucidentata (Murphy & Matti). ï

Mavrinskaya & Slav²k, p. 291, fig. 6jïl. 

non 2016 Ozarkodina paucidentata (Murphy & Matti). ï 

Mathieson et al., p. 643, fig. 32h, i. 

 
Material. ï 18 P1 elements in samples from Cellon 

section, 12 P1 elements from Atrous 3 section. 

 
Description. ï A species of Zieglerodina characterized by 

a P1 element with distinctly lowered area in the posterior 

part. The lowered area adjacent to the cusp is filled with 

reduced denticles. High, conical cusp is not located in 

the center but slightly posteriorly. The platform lobes are 

almost circular from the upper view. Our material figured 

is very close to original material from Nevada, but there 

is not the real gap, but the area is filled up by reduced 

denticles instead. Therefore the figured specimens are 

treated herein in open nomenclature. 
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Figure 3. SEM images of selected conodont P1 elements of Zieglerodina petrea Huġkov§ & Slav²k, 2020, Zieglerodina cf. paucidentata Murphy & 

Matti, 1982. All specimens are to the same scale. Å A, B, D, E ï Zieglerodina petrea Huġkov§ & Slav²k, 2020, lower Lochkovian; A ï sample Wa547, 

Cellon section, cat. No. GZG.MP.4989, A1 ï lateral view, A2 ï upper view; B ï sample POZ5, cat. No. POZï5ï001, B1 ï lateral view, B2 ï upper 

view; D ï published in Huġkov§ & Slav²k, 2020, holotype, Radot²n Section, Prague Synform, sample RAD1, cat. No. RADï1ï001, D1 ï lateral view, 

D2 ï upper view; E ï published in Huġkov§ & Slav²k (2020), paratype, sample RAD1, cat. No. RADï1ï002, E1 ï lateral view, E2 ï upper view. Å 

C, F ï Zieglerodina cf. paucidentata, lower Lochkovian; C ï sample Wa548, Cellon section, cat. No. GZG.MP.4988, upper view; F ïsample 

Wa3722ï22, Atrous 3 section, cat. No. GZG.MP.4987, F1 ï lateral view, F2 ï lower view. 
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Remarks. ï This species was originally diagnosed and 

named by Murphy & Matti (1982, p. 9) based on material 

previously documented but left in open nomenclature 

by Klapper & Murphy (1975). The diagnosis included 

the rudimentary nature of denticle development on the 

posterior process, but also stated that the number of 

reduced denticles was three or four (for more details see 

Fig. 2F). However, few P1 elements of this species appear 

to have only two reduced denticles on the posterior part of 

element (Murphy & Matti 1982, pl. 1, figs 31, 32, 39, and 

40). This diagnosis also denotes the almost circular nature 

of platform lobes in the upper view. While this could 

be true of the holotype, other specimens show a distinct 

asymmetry of the lobes (e.g., Murphy & Matti 1982, pl. 1, 

figs 31 and 40). The specimens from Podolia described 

by Drygant & Szaniawski (2012) also greatly differ from 

the holotype ï they have a comparatively small size, high 

cusp, and differentiated height of the blade sections, of 

which the anterior one is much higher (for more details 

see Fig. 2H, I). The three elements have 8 to 10 denticles. 

In comparison, the elements described in Murphy & Matti 

(1982) have 13 to 14 denticles at variable size. A similar 

element was mentioned in the study of Mavrinskaya & 

Slav²k (2013), where it is left in open nomenclature as 

ñOzarkodinaò aff. paucidentata (see Fig. 2C). This P1 

element is relatively bigger, the lobes are strongly asym-

metrical, and the ñrudimentary denticleò or gap is not as 

wide and distinct as in the holotype species. The study 

of Mathieson et al. (2016) as a diagnosis of this taxon 

includes the ñunifying characteristic of the relatively low 

posterior processò. Accordingly, Zieglerodina pauciden-

tata seems to be a species that clusters together several 

slightly different morphotypes, which only share one 

characteristic ï rudimentary or missing denticles in the 

posterior part of element (see Fig. 2G). Also, this species 

is documented from two different stratigraphic positions ï

from the lowermost part of the Lochkovian (hesperiusï

optima Zone) and the Pragian (sulcatus Zone) (see Tab. 1). 

A question remains whether these ñdifferent morphotypesò 

of Z. paucidentata still belong to the same species, reflect-

ing rather intraspecific variations. We think that these 

stratigraphically contrasting specimens need to be reclas-

sified as different taxa at least at the (sub)species level, how-

ever, these are treated here for the purpose of this review. 

 
Zieglerodina petrea Huġkov§ &  Slav²k, 2020 

Figures 2A, B; 3A, B, D, E 

 
2020 Zieglerodina petrea n. sp.; Huġkov§ & Slav²k, fig. 6e1, 

e2, f1, f2. 

 

Material. ï 8 P1 elements in samples from Na Poģ§rech 

section, 4 P1 elements from PrahaïRadot²n section, 5 P1 

elements in samples from Cellon section. 

Description. ï According to the original diagnosis, the 

platform P1 element is straight, not very robust with open, 

asymmetrical basal cavity in the posterior part of the 

element. A small gap in denticulation is present between 

the main cusp and the posteriormost denticles (usually one 

or two), from which one of them is usually comparable to 

the cusp in size. Number of denticles is usually around 12 

or 13 in mature elements. New material from the Cellon 

section and Morroco is visibly very close to original 

material from the Prague Synform. Even if some of the 

elements of Z. petrea from Cellon were broken, they can be 

identified because of the significant gap in posterior part of 

element. The basal cavity is widely open and asymmetrical 

and also the number of denticles corresponds. The P1 

elements from the Morocco have about 10 or 12 denticles 

and they are a bit shorter, than the ones from the Prague 

Synform and Cellon. All  P1 elements share the similar gap 

in posterior part and other proportions are corresponding 

to the holotype as well. 

 
Remarks. ï The taxon was recently described (Huġkov§ 

& Slav²k 2020) based on 6 P1 elements from two sections 

in the Prague Synform. Although dispersal of this taxon 

could have been considered regionally restricted to that 

area, this paper shows more data on its occurrence (see 

Figs 2, 3). Zieglerodina petrea was recently also docu-

mented in the unpublished conodont material of O. Wal-

liserᾷs collection from the Cellon section (Carnic Alps), 

which confirms its wider regional occurrence in the peri-

Gondwana. The recorded stratigraphical range of this 

species is very short; only occurring in the lowermost 

Lochkovian, usually together with the first entry of 

Icriodus hesperius Klapper & Murphy, 1975, for now 

(temporarily) the best conodont marker of the base of the 

Devonian. A phylogenetic relationship with Zieglerodina 

paucidentata, which is probably slightly younger, is 

highly probable. 

 
 

Discussion  
 

Almost half of the specimens possibly related to Ziegler-

odina paucidentata were left in open nomenclature 

and classified as Z. cf. paucidentata by authors of their 

descriptions. This points to the ambiguity of the clas-

sification. The question remains if the division of this 

taxon into two categories could solve this problem: 

a formal one, ñZ. paucidentata sensu strictoò that fully 

complies with the original diagnosis, description, and 

holotype; plus an informal category ñZ. paucidentata 

sensu latoò, where the concept of the taxon is more liberal. 

A splitting it up into subspecies is probably needed. 

Zieglerodina petrea shares the gap in denticulation in 

the posterior part of P1 elements with Z. paucidentata but 
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other aspects of their morphology are different (e.g., the 

number of denticles, the size of the element, the position 

and shape of the basal lobes). However, the stratigraphic 

range of these two taxa is virtually the same ï both occur 

in the lowermost Lochkovian. Moreover, forms described 

as Zieglerodina paucidentata are also recorded from the 

Pragian and Emsian (see Tab. 1). However, such a long 

range up to 13 Ma is rather improbable. The former 

concept of very longïranging taxa; e.g., Wurmiella 

excavata, which originally was of late Silurian to early 

Devonian in age, has been abandoned following a new 

spathognathodontid classification given by Murphy et al. 

(2004), who showed many differences in the ñexcavataò 

clade that enable the refinement and splitting of the former 

taxon. Therefore, the much younger specimens classified 

as Z. paucidentata of the Pragian or Emsian age, should 

be considered as different taxa. The occurrence of a gap in 

denticulation can be explained by recurrent morphological 

characteristics driven by specific paleoecological condi-

tions. 

Some of the elements appear morphologically transi-

tional between Zieglerodina paucidentata and Z. petrea 

(see Fig. 2). Also, the relationship between the Lochkovian 

Z. paucidentata and the Pragian forms described as 

Z. paucidentata is uncertain. The small number of avail-

able specimens prevents recognition of the actual range 

of population variability and the proposed phylogenetic 

relationship between these species requires a follow up 

studies in the future. 

 
 

Conclusions  
 

Based on the biostratigraphic distribution of the conodont 

species Zieglerodina petrea (Huġkov§ & Slav²k, 2020) 

and Z. paucidentata (Murphy & Matti, 1982) in the early 

Devonian, these two taxa seem to have a great potential 

as promising biostratigraphic markers. However, their 

phylogenetic relationship remains uncertain and requires 

a follow-up study. 

It is not possible to prove a continuous lineage from 

Z. petrea to Z. paucidentata in any of the studied sections 

and worldwide materials. A division into several different 

groups according to morphology, with a possible 

phylogenetic trend that reflects development from an 

incipient gap in older forms to a largely developed and 

distinct gap in younger specimens, is suggested as a pre-

liminary concept (Fig. 2). 

The same morphological characteristic ï the presence 

of suppressed (paucidentate) denticles on P1 elements as 

in the taxa Zieglerodina paucidentata and Z. petrea has 

evolved in more species within the spathognathodontid 

clade at different stratigraphic levels. A possibility of 

splitting of the taxon into (sub)species or morphotypes 

has to be considered. The occurrence of the oldest ï Loch-

kovian ñpaucidentateò taxa of Zieglerodina is especially 

useful in the case of scarcity of other critical biostrati-

graphic markers ï graptolites and the oldest taxa of the 

conodont genus Icriodus that indicate the SilurianïDevon-

ian boundary. 
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A B S T  R A C T  
 

Conodonts from two of the most representative sections in the Prague Synform were studied in search of al-

ternative ÂÉÏÓÔÒÁÔÉÇÒÁÐÈÉÃ ÍÁÒËÅÒÓ ÏÆ ÔÈÅ 3ÉÌÕÒÉÁÎȾ$ÅÖÏÎÉÁÎ ÂÏÕÎÄÁÒÙȢ 4ÈÅ .Á 0ÏĿÜÒÅÃÈ ÁÎÄ 0ÒÁÈÁ-2ÁÄÏÔþÎ 

sections, with contrasting lithologies, were chosen to study changes in conodont faunas in relation to different 

carbonate facies ɀ i.e., shallower- and deeper-water carbonates around the Silurian/Devonian boundary in the 

type area. Apart from icriodontids, the differences in bathymetry were also expected to affect the diversity of 

taxa of the family Spathognathodontidae, which is generally the most abundant and the most tolerant clade 

found in different carbonate environments at this stratigraphic level. Although the Scyphocrinites Horizon is 

developed at both study localities, the microfacies analysis confirmed significant differences in depositional 

environments at around the Silurian/Devonian boundary. Abundant conodont material from the two sections 

(more than one thousand elements) showed a high diversity  and disparity  in both the Spathognathodontidae and 

Icriodontidae. Altogether, 18 taxa were identified, but many forms still require a formal description. A new 

spathognathodontid taxon, Zieglerodina petrea sp. nov., described herein, is easily distinguishable because of its 

distinct morphology in denticulation of the blade, and its first occurrence is just above the base of the Devonian 

in both sections. It also has been identified in conodont collections from Morocco and the Carnic Alps, as such its 

biostratigraphic significance can be extended to peri-Gondwana. Although the stratigraphic occurrence and 

global significance of this promising conodont taxon still has to be tested in other areas, current data suggest it 

might have a great potential for identifying the base of the Devonian in sections where critical graptolite and 

icriodontid taxa are missing. 

 
 

 

1. Introduction  

The continued study of conodonts is crucial for improving the 

chronostratigraphic framework of Palaeozoic carbonate successions. 

Biostratigraphic utility of this extinct clade is extremely high due to the 

relatively rapid and distinct morphological changes that occurred 

within  discrete conodont elements enabling the precise relative dating 

of marine strata. Biostratigraphic framework is essential for all chron-

ostratigraphic methods like radiometric dating, gamma-ray spectro-

metry, magnetic susceptibility, isotope studies and other geochemical 

or correlation methods (e.g., Cramer et al., 2015; Husson et al., 2016). 

However, the conodont biozonation through the Silurian/Devonian 

boundary interval still needs to be considerably refined, which can only 

be accomplished by continued detailed studies of all conodont taxa (cf. 

Carls et al., 2007; Corradini and Corriga, 2012; 3ÌÁÖþË et al., 2012). 
Numerous comprehensive studies on faunal records preceded the 

definition  of the GSSP for the Silurian/Devonian boundary. According 

to Martinsson (1977), many faunal groups occur in various environments 

through this interval in the Prague Synform, including acritarchs, 

chitinozoans, ostracodes, conodonts, graptolites, brachiopods, trilobites, 

bryozoans, crinoids, bivalves, phyllocarids, vertebrates, and spores of 

land-plants. Despite the abundance of taxa of several of these faunal 

groups, only a few of them have potential for global stratigraphic 

correlations. According to Martinsson (1977) and also some more recent 

work (cf. Brocke et al., 2006; Carls et al., 2007; (ÕĤËÏÖÜȟ ςπρυȟ 2017), the 

most useful taxa for the recognition of the Silurian/Devonian boundary 

are graptolites, conodonts, and chitinozoans. However, other faunal 

groups can be helpful as local markers or proxies for the boundary (e.g., 

trilobites Tetinia minuta (0ĠÉÂÙÌ ÁÎÄ 6ÁÎñËȟ ρωφς), and Warburgella 

rugulosa (Alth, 1874), or the crinoids of the genus Scyphocrinites Zenker, 

1833). 
In  the  Prague  Synform,  the  Silurian/Devonian  boundary  is 
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predominantly developed in a sedimentary succession of diverse slope 

topography. The index for the boundary is the graptolite species 

Monograptus uniformis uniformis 0ĠÉÂÙÌȟ ρωτπ, which occurs in a deeper 

water environment represented mostly by bedding couplets (i.e., 

limestone beds alternating with shales). However, in sections where the 

Silurian/Devonian boundary is developed in carbonates, the scarcity or 

absence of graptolites caused problems in the identification of the base 

of the Devonian. In contrast, conodonts are abundant in carbonate 

successions of varied facies. As a result, conodonts are, in some cases, 

the only faunal group that permits the recognition of the Silurian/De-

vonian boundary. Due to convenient sedimentology (limestones alter-

nating with shales), the GSSP of the Silurian/Devonian boundary was 

defined at the Klonk section near Suchomasty in the southwestern part 

of the Prague Synform. It  contains both the critical  graptolites and some 
spathognathodontid conodonts (Jeppsson, 1988, 1989; 3ÌÁÖþËȟ 2017a). 

The late SilurianɀEarly Devonian conodont fauna was dominated by 

numerous genera primarily belonging to two families: 

Spathognathodontidae and Icriodontidae, apart from subordinate re-

presentatives of Prioniodontidae. Spathognathodontid taxa that prevail 

in the Pridoli belong to a large group with numerous genera. For several 

decades, however, their species have been lumped predominantly in a 

single genus, Ozarkodina Branson and Mehl, 1933 (cf. Carls et al., 

2007). As a result, the Pridoli was lacking well-defined conodont bio-

zonation due to this excessively liberal taxonomic approach. Major 

difficulties  in the latest Silurian conodont correlation were caused by 

the fact that for many years after the original Silurian conodont bios-

tratigraphy developed by Walliser (1964), just one biozone, O. eos-

teinhornensis, was recognized for the entire Pridoli. In response to the 

high numbers of newly reported taxa in the 1960s and 1970s, many 

conodont workers have been too cautious in introducing a new species 
in the last three decades. As has been demonstrated by recent taxo- 

nomic revisions (Murphy et al., 2004; Carls et al., 2007), concepts of 

intraspecific variability were too liberal. Despite the staggering amount 

of work that has focused on biostratigraphic correlation, the taxonomy 

of the most predominate late SilurianɀEarly Devonian conodonts 

ɉȰeosteinhornensisȱ ÁÎÄ ȰremscheidensisȱɊ had stagnated and such 

lumping considerably blunted the precision of taxonomy, phylogeny, 

and, as a result, correlation. Excessive lumping resulted in the in-

ÔÒÏÄÕÃÔÉÏÎ ÏÆ ÔÈÅ Ȱremscheidensisȱ "ÉÏÚÏÎÅ ÆÏÒ ÔÈÅ ÌÁÔÅ ,ÕÄÌÏ×ɀearly 

Pridoli  strata (see Aldridge and 3ÃÈĘÎÌÁÕÂȟ 1989 in Fig. 1). Aldridge 

ÁÎÄ 3ÃÈĘÎÌÁÕÂ ɉρωψωɊ included a subspecies of a typical early Lochkovian 

ÔÁØÏÎ ȰOzarkodinaȱ remscheidensis into their zonation for the Pridoli, i.e., 

much below the origin of the nominal Lochkovian species (cf. Ziegler, 

1960). Several attempts to resolve this situation in the Pridoli were 

made in more recent years, and Murphy et al. (2004) proposed several 

new genera for the late Silurian (e.g., Zieglerodina, 
Ȱ'ÅÎÕÓ W", and Wurmiella). New regional late Silurian conodont bio- 

zones that modify, to some extent, the original zonal concepts (e.g., 

Jeppsson, 1988; Jeppsson et al., 1994) were established in many areas 

of the world: in Australia (Simpson, 1995; Farrell, 2004), Sardinia 

(Corradini and Serpagli, 1999), east Baltic (Viira, 1999), Carnic Alps 

(Corriga and Corradini, 2009) and elsewhere. Originally, Jeppsson 

(1988) modified the first zonal concept of Walliser (1964) and in-

troduced a new zonation for the latest Pridoli based on conodonts from 

the Klonk section (the GSSP for the Silurian/Devonian boundary), 

×ÈÅÒÅ ÈÅ ÒÅÆÉÎÅÄ ÔÈÅ ȰÓÉÎÇÌÅ ÚÏÎÁÌ ÓÃÁÌÅȱ ɉÉȢÅȢȟ ÔÈÅ eosteinhornensis Zone) 

for the latest series of the Silurian (see Fig. 1). The application of the 

detorta Biozone introduced by Jeppsson (1988) at Klonk was then used 

almost globally (Europe, Australia, China) for the identification of the 

latest Pridoli, but it was problematic, as was revealed by Gouwy and 

Corradini (2006) and then largely discussed by Carls et al. (2007). The 
first  occurrence of the nominal taxon, Delotaxis (= Oulodus) detorta 

(Walliser, 1964), occurs before that of the taxon eosteinhornensis s.s. The 

two-fold zonation was later modified by Corriga and Corradini (2009), 

introducing the eosteinhornensis s.l. Interval Zone. This concept was 

adopted by Cramer et al. (2011) and by Melchin et al. (2012). Corradini 

and Corriga (2012) subdivided the detorta Biozone into the Lower and 

Upper detorta biozones based on data from the Carnic Alps and Sardinia 

using the last occurrence of Dapsilodus obliquicostatus (Branson and 

Mehl, 1933) a coniform element, as the critical marker for the inner 

zonal boundary. Most recently, Vacek et al. (2018) provided a conodont 

ÚÏÎÁÔÉÏÎ ÆÏÒ ÔÈÅ ÅÎÔÉÒÅ 0ÒÉÄÏÌÉ 3ÅÒÉÅÓ ÂÁÓÅÄ ÏÎ ÔÈÅ '330 ɉ0ÏĿÜÒÙ ÓÅÃtion). 

Their regional zonation includes five zones that can be correlated 

throughout the Prague Synform. 

Conodont studies of the Pridoli/Lochkovian interval in the Prague 

Synform date back to the pioneering work of Walliser (1964) who in-

tegrated conodont data from several sections from the area into his first 

conodont biozonal framework. An enormous amount of work on late 

Silurian conodont faunas was done by 3ÃÈĘÎÌÁÕÂ (in #ÈÌÕÐÜé et al., 

1980 and +ĠþĿ ÅÔ ÁÌȢȟ ρωψφ), who sampled many late Pridoli sections in 

the Prague Synform. Based on the recovered data, he recognized all the 

late Silurian biozones of Walliser (1964). It was in this early work that 

3ÃÈĘÎÌÁÕÂ ÎÏÔÅÄ ÔÈÁÔ ÔÈÅ eosteinhornensis Biozone should be revised. 

"ÁÓÅÄ ÏÎ ÄÁÔÁ ÆÒÏÍ ÔÈÅ ÓÅÃÔÉÏÎÓ ÏÆ -ÕĤÌÏÖËÁ ÁÎÄ +ÏÌÅÄÎþË ɉ*ÁÒÏÖɊ 

quarries he remarked that the eosteinhornensis Zone could be lowered to 

the base of the crispa Zone, because there is a large overlap of the index 

taxa. Carls et al. (2007) introduced several conodont taxa as biostrati-

graphic markers in the Pridoli  of the area. Regional conodont zonation 
of the Lochkovian of the Prague Synform was further  developed by 

3ÌÁÖþË (2011) and 3ÌÁÖþË et al. (2012). His refined three-fold subdivi-

sion partly followed the concept of Valenzuela-2þÏÓ ÁÎÄ -ÕÒÐÈÙ ɉρωωχɊ 

and Murphy and Valenzuela-2þÏÓ ɉρωωψɊ and contains eleven conodont 

zones using a binomial system. The midɀupper Lochkovian biozonation 

was recently modified by Valenzuela-2þÏÓ ÅÔ ÁÌȢ ɉςπρυɊ and the most of 

their  conodont zonation can be considered to be global. 

Apart from the Prague Synform, where the GSSP of the Silurian/ 

Devonian boundary was ratified in 1972, conodonts from carbonate 

successions across this boundary have been described from many other 

areas: e.g., Australia (Simpson, 2000; Farrell, 2004), Carnic Alps ɀ

Austria (Suttner, 2009), Germany ɀ Frankenwald (Carls et al., 2007), 

Italy ɀ Carnic Alps and Sardinia (Walliser, 1964; Ferretti et al., 1998; 

Corradini, 2007; Corriga and Corradini, 2009; Corradini and Corriga, 

2010; 3ÃÈĘnlaub et al., 2017), Morocco (Corriga et al., 2014a, 2014b), 

Nevada (Klapper and Murphy, 1974; Murphy and Matti, 1982), New 

York (Kleffner et al., 2009), Ukraine ɀ Podolia (Drygant and 

Szaniawski, 2012), Spain ɀ Guadarrama (Carls in Martinsson, 1977). 

Data from sections from Nevada, Guadarrama, and Germany were in-

corporated in the taxonomic concept of Murphy et al. (2004). A study 

on the latest Silurain spathognathodontids from Oklahoma, Tennessee, 

Missouri, and Texas was recently the focus of a dissertation by Peavey 
(2013). 

Among the conodonts, the family Icriodontidae and probably the 

oldest Devonian icriodontid species Icriodus hesperius Klapper and 

Murphy, 1974 have been used to determine the base of the Devonian 

(see discussion in Carls et al., 2007; Corradini and Corriga, 2012). The 

origin of the genus Icriodus most likely in the uppermost Silurian seems 

to be dependent on shallow carbonate environments (cf. Walliser, 1972; 

Bultynck, 2003), or is reliant on specific sublittoral facies (Barnett, 

1971). Accordingly, the marker for the base of the Devonian, Icriodus 

hesperius, is expected to be absent in sections representing deeper-water 

deposition (e.g., Philip, 1966; Corradini and Corriga, 2010), or it occurs 

only rarely. These critical icriodontid taxa are also missing in the GSSP 

section of Klonk (cf. Jeppsson, 1988, 1989; 3ÌÁÖþËȟ 2017a), which 

clearly represents a deeper-water environment. Apart from the en-

ormous biostratigraphic potential of Early Devonian icriodontids, re- 
presentatives of the family Spathognathodontidae are critical  for the 

biostratigraphic subdivision of both the Pridoli  and Lochkovian. With 

the exception of Delotaxis, Pedavis, and Icriodus hesperius ɀ the marker of 

the base of the Devonian ɀ most conodont zones established within  

these stratigraphic units are based on spathognathodontids. Moreover, 

in contrast to icriodontids, representatives of the family Spathog-

nathodontidae are seemingly more tolerant to changes in bathymetric 
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Fig. 1. Main conodont zonation schemes of the Pridoli  and the early Lochkovian. Abbreviations: Icr. = Icriodus, Oz. = Ozarkodina, Oul. = Oulodus, Lig. = Ligonodina. 
 

conditions as they are generally more abundant and diverse. As de-

monstrated by the previously mentioned studies, spathognathodontids 

are almost always present in those environments where icriodontids are 

totally absent. Although much of this work (e.g., Murphy et al., 2004; 

Carls et al., 2007; 3ÌÁÖþËȟ 2011; 3ÌÁÖþË et al., 2012; Corradini and 

Corriga, 2012) was focused on better understanding the conodont 

faunas around the Silurian/Devonian boundary, their authors stated 

that a further detailed study was required for the improvement of the 

boundary correlation. Peavey (2013) focused her PhD thesis on the 

family Spathognathodontidae and its species that ranged through the 

Silurian/Devonian boundary interval in North America, with the prin -

cipal aim of revising the eosteinhornensisɀremscheidensis plexus. Her 

extensive work demonstrated that while spathognathodontids are very 

abundant and diversified around the Silurian/Devonian boundary in 

North America, unfortunately  none of the new taxa seems to be useful 
for definitively  identifying  of the base of the Devonian. 

Herein, we focus on spathognathodontids at the Silurian/Devonian 

boundary and attempt to offer an alternative biostratigraphic marker 

that can be constrained by its co-occurrence with the oldest Devonian 

icriodid species that co-occur with M. u. uniformis, and, that would also 

be present in deeper environments where icriodontids are rare or absent. 

The recovery of new collections and restudy of older collections of 

spathognathodontids from two sections in the Prague Synform brings 

new data from carbonate rocks deposited in different environments 

across the Silurian/Devonian boundary interval: the famous shallower-

×ÁÔÅÒ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ×ÉÔÈ ÔÈÅ '330 ÆÏÒ ÔÈÅ 0ÒÉÄÏÌÉ 3ÅÒÉÅÓ ÁÎÄ ÔÈÅ 

newly studied deeper-water Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȢ 

 
2. Geological setting  

2.1. Prague Synform 

Unmetamorphosed Lower Palaeozoic rocks are exposed in the 

4ÅÐÌÜ-Barrandian Unit (TBU), which is situated in the central part of the 

Bohemian Massif (#ÈÜÂ ÅÔ ÁÌȢȟ ςππψ). The TBU includes Neoproterozoic 

to Middle Devonian volcanosedimentary rocks of the Prague Synform, 

which were tectonized during the Cadomian and Variscan orogenies 

((ÁÊÎÜ ÅÔ ÁÌȢȟ ςπρπ). In its present form, the central part of the Prague 

Synform (also referred to as the Prague Basin) is an asymmetrical el-

liptical structur al depression, which represents an erosional relic of 

Lower Palaeozoic volcanosedimentary successions (Melichar, 2004; 

+ÎþĿÅË et al., 2010). During the latest Silurian, the TBU was still  a part 

of the Perunica microcontinent (in the sense of (ÁÖÌþéÅË ÅÔ ÁÌȢȟ ρωωτ; 

Torsvik and Cocks, 2004), lying near the northern margin of Gondwana 

(#ÈÜÂ ÅÔ ÁÌȢȟ ςππ8) - see Fig. 2. This geographic position is further 

confirmed by its faunal associations and palaeogeographic affinities 
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Fig. 2. A ɀ Palaeographic reconstruction at the Silurian/Devonian boundary with the marked position of Perunica. B ɀ A map of the central part of the Prague 

Synform. The location of the sections is marked with colour dots and numbers. C ɀ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ×ÉÔÈ ÍÁÒËÅÄ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ 3Ⱦ$ ÂÏÕÎÄÁÒÙ ÁÎÄ ÔÈÅ ÂÅÄ 

numbers. D ɀ Praha-2ÁÄÏÔþÎ section with marked position of the S/D boundary and the bed numbers. 
 

with Armorica (e.g., Tait, 1999; Krs et al., 2001). In the earliest Devonian, 

Perunica started to move north due to the rifting of the Pa-laeothetys 

Ocean (Torsvik and Cocks, 2013). 

4ÈÅ ÕÐÐÅÒÍÏÓÔ 3ÉÌÕÒÉÁÎ ɉÒÅÐÒÅÓÅÎÔÅÄ ÂÙ ÔÈÅ 0ÏĿÜÒÙ &ÏÒÍÁÔÉÏÎɊ ÁÎÄ 

the Silurian/Devonian boundary exposed in the central part of the 

Prague Synform are characterized by lower subtidal to upper slope 

deposits and slope-to-basin-floor distal calciturbidites (Vacek, 2007; 

Vacek et al., 2010). Volcanic activity, which gave rise to submarine 

elevations, became more distinct during the Wenlock and Ludlow and 

concentrated toward, e.g., the volcanic centre near 3ÖÁÔĻ Jan pod 

Skalou. It triggered increased carbonate sedimentation on these sub-

marine elevations during the late Silurian (see, e.g., +ĠþĿȟ ρωως). The 

almost continuous Silurian/Devonian sedimentation in the Prague 

Synform is characterized by the onset of Lochkovian carbonate de-

position, which represents the upper slope to toe-of-slope facies ranging 

from coarse crinoidal massive limestones to black-grey rhythmites with  

scattered cherts of the Lochkov Formation. The Lochkovian depositional 

environment is characterized by zones of basinal, stagnant, partly 
anoxic deeper-water facies of the 2ÁÄÏÔþÎ Limestone (defined by 

#ÈÌÕÐÜéȟ 1953) passing into oxic +ÏÔĻÓ Limestone (#ÈÌÕÐÜéȟ 1953, 

1981), indicating a shallow subtidal environment with variable dynamics 

(#ÈÌÕÐÜé ÁÎÄ 6ÁÃÅËȟ ςππσ). Apart from the two main Lochkovian 

ÍÅÍÂÅÒÓȟ ÔÒÁÎÓÉÔÉÏÎÁÌ ÆÁÃÉÅÓ ɉÔÈÅ +ÏÓÏĠ ÌÉÍestones member) in the 

southeast region of the Synform are most commonly interpreted as 

proximal calciturbidites (Vorel, 2006). Carbonate sedimentation in the 

Prague Synform continues through the Eifelian. In the Givetian, sedi-

mentation in Central Bohemia was terminated by siliciclastic (Variscan) 

flysch (for  a more detailed description see #ÈÌÕÐÜé et al., 1998; #ÈÜÂ 

et al., 2008; £ÔÏÒÃÈ et al., 2012). 

 
2.2. Silurian/Devonian boundary and its GSSP 

The Silurian/Devonian boundary was intensely studied in many 

sections with  varying depositional facies throughout the Prague 

Synform (see, e.g., #ÈÌÕÐÜé ÅÔ ÁÌȢȟ ρωχςȟ ρωωψ; #ÈÌÕÐÜéȟ ρωωσ). Sediments 

range from predominantly shallow-water carbonate successions 

(particularly in the southwestern part of the area) to demonstrably 

pelagic carbonates with shale interbeds (prevailing in the northeastern 

part of the area). 

The most important section ɀ the GSSP for the Silurian/Devonian 

boundary at Klonk near Suchomasty ɀ is situated in the southwestern 

part of the Prague Synform. The sedimentary sequence at this locality 

starts with Ludlow shales, accompanied by tuffites and limestones 

(#ÈÌÕÐÜéȟ ρωωσ). The uppermost Pridoli and the lowermost Lochkovian 

are typified by an almost unchanged succession of calcareous shales 

alternating with dark grey micritic limestones (+ĠþĿȟ ρωως). This sedi-

mentation record is indicative of a pelagic environment with the possible 

presence of turbidites deposited at depths of several hundreds of meters 

on an only slightly inclined seafloor (Hladil, 1991, 1992; Hladil and 

"ÅÒÏÕĤÅËȟ ρωως). Although a few short episodes of non-sedi-mentation 

were recorded, the transition between the Silurian and Devonian in the 

upper part of Bed 20 is seemingly continuous, with no interruption. For 

more information on the lithology, stratigraphy and palaeontological 

content recorded from this section, please refer to 
#ÈÌÕÐÜé (1953, 1977), (ÏÒÎĻ (1955), #ÈÌÕÐÜé et al. (1972, 1980), 

Davies and MacQueen (1977), #ÈÌÕÐÜé and Kukal in Martinsson (1977), 
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Paris et al. (1981), #ÈÌÕÐÜé and Kukal (1988), Jeppsson (1988, 1989), 

Hladil (1991, 1992), +ĠþĿ ɉρωωςɊ, #ÈÌÕÐÜé ÁÎÄ (ÌÁÄÉÌ ɉ2000), #ÈÌÕÐÜé 

and Vacek (2003), Fatka et al. (2003), Brocke et al. (2006), and 3ÌÁÖþË 

(2017b). 

Since being ratified as the GSSP, the Klonk section has been the 

subject of many studies: data on magnetic susceptibility or chemos-

tratigraphy have been provided by (ÌÁÄþËÏÖÜ ÅÔ ÁÌȢ ɉρωωχɊ, Crick et al. 

(2001), Mann et al. (2001), &ÒĻÄÁ ÅÔ ÁÌȢ ɉςππςɊ, Buggisch and Mann 

(2004), Vacek (2007) and Vacek et al. (2010). Geochemical analyses 

have been performed by Herten (2000) and Kranendonck (2000). The 

number and variety of studies that have been done on this GSSP section 

make it among the most well-documented Palaeozoic localities of the 

Prague Synform, even though the lithology is monotonous and faunal 

content is iÎ ÇÅÎÅÒÁÌÌÙ ÒÁÔÈÅÒ ÐÏÏÒȢ #ÏÍÐÁÒÅÄ ÔÏ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÁÎÄ 

Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎÓȟ ÔÈÅ +ÌÏÎË ÓÅÃÔÉÏÎ ÉÓ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ Á ÍÕÃÈ 

deeper environment. This is evidenced by the character of sediments as 

well as the faunal composition where the two of the most biostrati -

graphically significant groups ɀ graptolites and conodonts ɀ are both 
present. According to Jeppsson (1988, 1989) and 3ÌÁÖþË (2017a), the 

conodont fauna of this section shows only spathognathodontids of low 

diversity, whereas the icriodontids are completely missing (including 

Icriodus hesperius, the marker for the base of the Devonian). The taxa 

Delotaxis elegans elegans (Walliser, 1964), Delotaxis elegans detorta 

(Walliser, 1964), Belodella, Panderodus, Pseudooneotodus beckmanni 

(Bischoff and Sannemann, 1958), Zieglerodina? klonkensis Carls et al., 

2007, W eosteinhornensis s.l. (Walliser, 1964), W eosteinhornensis s.s. 

(Walliser, 1964), Wurmiella excavata (Branson and Mehl, 1933), and 

Ozarkodina typica Branson and Mehl, 1933 were identified in the up-

permost Silurian. However, only three taxa, Delotaxis elegans elegans, 

Zieglerodina? klonkensis, and Wurmiella excavata, continue to the low-

ermost Devonian. The only taxon occurring above the base of the De-

vonian is Zieglerodina remscheidensis Ziegler, 1960, which is an important 

but not critical spathognathodontid marker for the earliest Devonian. 

The lack of diversity  and the small numbers even in the 
spathognathodontid stock is obvious. Although some conodonts from 

Klonk have biostratigraphic significance, this study is primarily focused 

on conodonts from other sections, where higher abundance of conodonts 

was expected. 

3. Material  and methods  

The two chosen sections, which are in relatively close proximity to 

each other (approximately 5 km; see Fig. 2), were studied for conodont 

biostratigraphy and microfacies around the Silurian/Devonian 

boundary. Conodont sampling was performed in the Silurian/Devonian 

ÂÏÕÎÄÁÒÙ ÉÎÔÅÒÖÁÌ ÏÆ ÔÈÅ .Á 0ÏĿÜÒÅÃh section (sample interval of 6.5 m, 

for lithology see Fig. 3) and the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ɉÓÁÍÐÌÅ ÉÎÔÅÒÖÁÌ 

of 5.2 m, for lithology see Fig. 4). 

4ÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ɉFigs. 2 and 3Ɋ ÌÉÅÓ ÁÔ υπЈπρᴂτρᴃ.Ƞ 

ρτЈρωᴂςψᴃ%Ȣ 4ÈÅ 3ÉÌÕÒÉÁÎȾ$ÅÖÏÎÉÁÎ ÉÎÔÅÒÖÁÌ ÏÆ ÔÈÅ ÓÅÃÔÉÏÎ ÉÓ ÅØÐÏÓÅÄ ÉÎ 

ÁÂÁÎÄÏÎÅÄ ÑÕÁÒÒÉÅÓ 0ÏĿÜÒ ρ ÁÎÄ 0ÏĿÜÒ ςȢ 4ÈÅ ÌÏÃÁÌÉÔÙ ÃÏÎÓÉÓÔÓ ÏÆ Á 

carbonate succession that spans the Gorstian (Ludlow) to the early 

Emsian. The relative completeness of the carbonate succession permits 

high-resolution biostratigraphic studies; a fact that resulted in the ra-

tification  of the GSSP for the Pridoli  Series. 

4ÈÅ .Á 0ÏĿÜÒÅÃÈ ÌÏÃÁÌÉÔÙ Èas been described by 7ÏÌÄĠÉÃÈ ɉρωρωɊ, 

"ÏÕéÅË (1937), #ÈÌÕÐÜé (1953, 1957, 1993), +ĠþĿ et al. (1986), +ĠþĿ 

(1989, 1992), IÜÐ ÅÔ ÁÌȢ ɉςππσɊ, Ferretti et al. (2006), and -ÏÒÜÖÅË 

(2008). Other studies, e.g., isotope geochemistry (Buggisch and Mann, 

2004; Lehnert et al., 2007), gamma-ray spectrometry and magnetic 

susceptibility (6ÁÃÅË ÁÎÄ IÜÐȟ ςππω; +ÏÐÔþËÏÖÜ ÅÔ ÁÌȢȟ ςπρπÁȟ ςπρπÂ; 

Vacek et al., 2010) contributed to the environmental interpretation. 

Carbon isotopes (Buggisch and Mann, 2004) show the characteristic 

onset of the so-called Klonk Excursion in the latest Pridoli, with  the 

peak of the excursion in the earliest Lochkovian. For details on sedi-

mentology, see also Vacek (2007), Hladil et al. (2011), Gocke et al. 

(2012), and Vacek et al. (2018). Conodont data from various intervals 

are available in Barnett (1972), Mehrtens and Barnett (1976), 3ÌÁÖþË 

(2004a, 2004b, 2011), Carls et al. (2005, 2007, 2008), 3ÌÁÖþË et al. 

(2009, 2010, 2012), 3ÌÁÖþË ÁÎÄ #ÁÒÌÓ ɉςπρςɊ, 3ÌÁÖþË ɉςπρχÂɊ and 3ÌÁÖþË 

and Hladil (this volume). The uppermost part of the Pridoli and the 

lowermost part of the Lochkovian are represented by light grey, coarse-

grained limestones (Fig. 3) interpreted  as calciturbidite s (+ÏÐÔþËÏÖÜ 

et al., 2010b), locally with the presence of tempestites (Vacek et al., 

2010). Coarse-grained limestones with  crinoids are developed above 

the base of the Devonian and referred to as the Scyphocrinites Horizon. 

The interval between Beds 96 and 158 is characterized by light grey 

biodetrital limestones mainly with brachiopods, cephalopods or crinoids 

or biomicritic limest ones. Graptolites are missing in the boundary 

interval due to the absence of corresponding facies. Trilobites Tetinia 

minuta and Warburgella rugulosa were formerly used as additional 

markers to approximate the position of the Silurian/Devonian boundary 

in this section (#ÈÌÕÐÜé ÅÔ ÁÌȢȟ ρωχς). Later, Carls et al. (2007) identified 

the base of the Devonian more precisely based on the occurrence of 
Icriodus hesperius at the base of Bed 159. 

The section of Praha-2ÁÄÏÔþÎ ɉFigs. 2 and 4Ɋȟ ÁÌÓÏ ÃÁÌÌÅÄ Ȱ5 ÐÒÁ-ÍÅÎÅȱȟ 

is exposed on the northern side of an old road, at GPS coordinates of 

τωЈυωᴂσσȢωᴃ.Ƞ ρτЈςπᴂτφȢτᴃ%Ȣ 4ÈÅ ÌÏÃÁÌÉÔÙ ×ÁÓ ÄÅÓÃÒÉÂÅÄ ÂÙ ,ÕËÅĤ ɉρωωρɊ, 

Petr and Prokop (2002), Kolebaba (2002), IÜÐ ÅÔ ÁÌȢ (2003), Manda 

(2003) and Vacek et al. (2010). Until the current study, conodont work 

had not been conducted at this locality. The uppermost Pridoli  is 

characterized by dark grey thinly  bedded limestones with  shale 

intercalations. According to IÜÐ ÅÔ ÁÌȢ ɉςππσɊ, the base of the Devonian 

lies in Bed 9, wich records the FAD of the graptolite Monograptus u. 

uniformisȢ 3ÉÍÉÌÁÒÌÙ ÁÓ ÉÎ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÔÈÅ Scyphocrinites 

Horizon is developed in the lowermost Devonian: the limestones are 

coarser-grained than in the Pridoli but still alternate with graptolitic 

shales (Fig. 4). The Scyphocrinites Horizon contains a high proportion of 

organic material, and higher in the succession the sediments turn  back 

to fine-grained calcisiltites with  shale interbeds. Dark 
grey calcisiltites with  cherts are common in the upper part of the sec- 

tion. Various faunal groups are common (cf. IÜÐ ÅÔ ÁÌȢȟ ςππσ; Manda, 

2003): graptolites, cephalopods, eurypterids, ostracodes, acritarchs, 

and bivalves of the Antipleura community group (sensu +ĠþĿȟ 1999). 

Altogether, 22 samples were taken from the limestone beds of the 

uppermost Silurian and lowermost Devonian interval  (nine from Na 

0ÏĿÜÒÅÃÈ ÁÎÄ ÔÈÉÒÔÅÅÎ ÆÒÏÍ 0ÒÁÈÁ-2ÁÄÏÔþÎɊȢ 4ÈÅ ×ÅÉÇÈÔ ÏÆ ÅÁÃÈ ÓÁÍÐÌÅ 

was approximately 2.5ɀ3.5 kg. The samples were processed in the la-

boratories of the Institute  of the Geology of the Czech Academy of 

Sciences, v. v. i., using standard processing techniques employing 8% 

solution of acetic acid. Dried residues of the samples were then con-

centrated using separation in heavy liquids (tribromomethane). 

Conodonts were obtained from nearly all samples (for  taxa ranges see 

Figs. 3 and 4). Representatives of other faunal groups (silicified  os-

tracodes, brachiopods, bivalves, and gastropods) were commonly found 

in the conodont samples. Only sample RAD03 was free of any bioclasts. 

Conodont material was examined under a Leica MZ75 stereo-

microscope. Selected conodont elements were photographed by a 

Tescan Vega3 scanning electron microscope. A collection of the ob- 
tained conodonts is deposited at the Institute  of the Geology of the 

Czech Academy of Sciences. A total of 23 samples for thin sections were 

ÔÁËÅÎ ÆÒÏÍ ÔÈÅ Ô×Ï ÌÏÃÁÌÉÔÉÅÓ ɉρπ ÆÒÏÍ .Á 0ÏĿÜÒÅÃÈȟ ρσ ÆÒÏÍ 0ÒÁÈÁ-

2ÁÄÏÔþÎɊ and processed in the Laboratories of the Geological Institutes 

of the Charles University. 

4. Conodont  faunas and biostratigraphy  

The principles for conodont biostratigraphy proposed by Vacek 

et al. (2018) for the uppermost Pridoli have been adhered to in this 

paper. The zonation of 3ÌÁÖþË ÅÔ al. (2012) developed for the lowermost 

Lochkovian in the Prague Synform was used (Figs. 1 and 5). Although 

the index taxa are missing, material obtained from the uppermost 
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Fig. 3. $ÅÔÁÉÌÅÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÃÏÎÏÄÏÎÔ ÔÁØÁ ÆÒÏÍ ÔÈÅ ÕÐÐÅÒÍÏÓÔ 0ÒÉÄÏÌÉ ÔÏ ÔÈÅ ÌÏ×ÅÒÍÏÓÔ ,ÏÃÈËÏÖÉÁÎ ÉÎ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȢ #ÈÒonostratigraphic units, bed 

numbers and simplified lithology with marked positions of conodont samples and samples for thin sections are on the left. The stratigraphic occurrence of Icriodus 

hesperius is adopted from the previous study by 3ÌÁÖþË ÅÔ ÁÌȢȟ ςπρς. 

Silurian most probably belongs to the latest Silurian klonkensis Zone 

(Vacek et al., 2018). This interval also corresponds to the Upper Delotaxis 

(= Oulodus) elegans detorta Zone (in the sense of Corradini and Corriga, 

2012). However, this zone cannot be defined in the Prague Synform due 

to the very early occurrence of D. detorta in the Pridoli. Moreover, the 

last occurrence of the index taxon, Dapsilodus obliquicostatus, marking the 

base of the Upper detorta Zone as defined by Corradini and Corriga 

(2012), has yet to be confirmed in the sections of the Prague Synform. 

Conodonts obtained from the lowermost Lochkovian can be assigned 

to the hesperius-optima Zone and the optima-breviramus Zone. The studied 

interval at Praha-2ÁÄÏÔþÎ ÓÐÁÎÓ ÔÈÅ breviramus-omoalpha Zone and, at 

least part of the overlying omoalpha-carlsi Zone. Determination of the 

bases of the latter two zones is, however, problematic. The taxon Lanea 

omoalpha enters in the same bed as Pedavis breviramus. The co-

occurrence of both stratigraphically important taxa probably indicates a 

condensation of sedimentation at this stratigraphical level. 

As mentioned above, the Silurian/Devonian boundary at the Na 
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Fig. 4. Detailed distribution of conodont taxa from the uppermost Pridoli to the lowermost Lochkovian in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȢ #ÈÒÏÎÏÓÔÒÁÔÉÇÒÁÐÈÉÃ ÕÎÉÔÓȟ ÂÅÄ 

numbers and simplified lithology with marked positions of conodont samples and samples for thin  sections are on the left. The FAD of the biostratigraphic marker for  

the Silurian/Devonian boundary Monograptus u. uniformis is adopted from the previous study by IÜÐ et al., 2003. 

 

0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ÈÁÓ ÂÅÅÎ ÐÌÁÃÅÄ ÁÔ ÔÈÅ ÂÁÓÅ ÏÆ "ÅÄ ρυω ÁÓ ÔÈÉÓ ÉÓ ÔÈÅ 

first occurrence of Icriodus hesperius (Carls et al., 2007; 3ÌÁÖþË ÅÔ ÁÌȢȟ 

2012). In the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȟ ÔÈÅ ÂÁÓÅ ÏÆ ÔÈÅ $ÅÖÏÎÉÁÎ ÃÁÎ ÂÅ 

clearly identified in Bed 9 (IÜÐ ÅÔ ÁÌȢȟ ςππσ) which is the lowest bed 

where the first Monograptus u. uniformis was recovered (see Fig. 4). 

Conodont data from this section show that the first occurrences of the 

GSSP-defining index taxon Monograptus u. uniformis and Icriodus cf. w. 

woschmidti, lie in the same bedding couplet (limestone bed with shales). 

The later taxon left in open nomenclature is very close to specimen of I. 

woschmidti by Ziegler (1960, Taf. 15, 22 a, b), but the other specimens 

figured in that paper including the holotype show a high variability.  

The co-occurrence of both taxa can be considered to be a unique feature 

in the global context because such co-occurrence has not yet been re-

ported from elsewhere. 
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Fig. 5. Correlation of conodont biozonation and taxonomic diversity in the studied sections. The zonal boundaries are only tentatively established based on the first 

recorded occurrences of the zonal indexes (for more information see the discussion). 
 

Conodont ranges and taxonomic diversities presented in Fig. 3 (Na 

0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎɊ ÁÎÄ Fig. 4 (Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎɊ ÓÈÏ× ÍÁÒËÅÄ 

differences. Conodont faunas obtained from the uppermost Pridoli  in 

ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ÉÎÃÌÕÄÅ Zieglerodina cf. remscheidensis Ziegler, 

1960 and Ozarkodina typica. Also, fragmented elements of Zieglerodina 

sp., Ozarkodina sp., and Wurmiella sp. are common. Ozarkodina cf. op-

tima (Moskalenko, 1966) and a few fragmentary specimens of the Lanea 

ÓÐȢ ÏÃÃÕÒ ÉÎ ÔÈÅ ÕÐÐÅÒÍÏÓÔ 0ÒÉÄÏÌÉ ɉÔÏÐ ÏÆ "ÅÄ ρυψ ÏÆ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ 

section). 

Although no additional elements of the previously reported I. he-

sperius (Carls et al., 2007; 3ÌÁÖþË ÅÔ ÁÌȢȟ ςπρς) were obtained from the Na 

0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÔÈÉÓ ÉÍÐÏÒÔÁÎÔ ÍÁÒËÅÒ ×ÁÓ ÆÏÕÎÄ ÁÂÏÖÅ ÔÈÅ ÂÏÕÎÄÁÒÙ 

at the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ɉÓÁÍÐÌÅ 2!$ρȟ ÓÅÅ Fig. 4). The taxa Zie-

glerodina sp., Zieglerodina cf. remscheidensis, Ozarkodina sp., Ozarkodina 

cf. optima, Lanea sp. and Icriodus sp. were recovered from the Lochkovian 

interval from both sections. W eosteinhornensis s.l. and Lanea planilingua 

Murphy and Valenzuela-2þÏÓȟ ρωωψ occur in the upper parts of the 

studied interval  (Bed 161 of the Na 0ÏĿÜÒÅÃÈ section). 

Comparatively much more diversified conodont fauna was obtained 

from the Praha-2ÁÄÏÔþn section. W. eosteinhornensis s.l., Zieglerodina cf. 

zellmeri Carls et al., 2007, and Zieglerodina cf. remscheidensis occur in the 

uppermost Silurian with common fragments of Zieglerodina sp. and 

Wurmiella sp. As mentioned above, the base of the Devonian was con-

firmed in Bed 9 by the joint first occurrence of Icriodus cf. w. woschmidti 

Ziegler, 1960 and the graptolite Monograptus u. uniformis (IÜÐ ÅÔ ÁÌȢȟ 

2003). Taxa obtained from the uppermost Pridoli continue into the 

Devonian. Above the base of the Devonian in the section, the conodont 

fauna shows an increase in diversity, being accompanied by Ozarkodina 
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Fig. 6. 3%- ÉÍÁÇÅÓ ÏÆ ÓÅÌÅÃÔÅÄ ÃÏÎÏÄÏÎÔ 0ρ ÅÌÅÍÅÎÔÓ ÆÒÏÍ ÔÈÅ ÕÐÐÅÒÍÏÓÔ 0ÒÉÄÏÌÉ ÁÎÄ ÌÏ×ÅÒÍÏÓÔ ,ÏÃÈËÏÖÉÁÎ ÆÒÏÍ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÁÎÄ 0ÒÁÈa-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎÓȢ !ÌÌ 

specimens are at the same scale (scale bar 200 ʈÍɊȢ A: Zieglerodina cf. zellmeri, sample RAD1, cat. No. RAD-1-007, A1 ɀ lateral view, A2 ɀ upper view. B: Zieglerodina 

cf. remscheidensis, sample POZ7, cat. No. POZ-7-001, B1 ɀ lateral view, B2 ɀ upper view. C: Wurmiella sp., sample POZ1, cat. No. POZ-1-001, lateral view. D: W. 

eosteinhornensis, sample RAD1,5, cat. No. RAD-1,5ɀ001, D1 ɀ lateral view, D2 ɀ upper view. E: Zieglerodina petrea sp. nov., sample RAD1, cat. No. RAD-1-001, E1 ɀlateral 

view, E2 ɀ upper view. F: Zieglerodina petrea sp. nov., sample RAD1, cat. No. RAD-1-002, F1 ɀ lateral view, F2 ɀ lower view. G: Icriodus cf. w. woschmidti, sample 

POZ4, cat. No. POZ-4-100, upper view. H: Zieglerodina sp., sample POZ9, cat. No. POZ-9-001, H1 ɀ lateral view, H2 ɀ upper view. I: Icriodus cf. w. woschmidti, sample 

RAD01, cat. No. RAD-01-100, upper view. 
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Fig. 7. SEM images of selected conodont P1 elements from the uppermost Pridoli and ÌÏ×ÅÒÍÏÓÔ ,ÏÃÈËÏÖÉÁÎ ÆÒÏÍ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÁÎÄ 0ÒÁÈÁ-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎÓȢ !ÌÌ 

specimens are to the same scale (scale bar 500 ʈÍɊȢ !ȡ Ozarkodina typica, sample POZ1, cat. No. POZ-1-002, A1 ɀ lateral view, A2 ɀ upper view. B: Ozarkodina cf. 

optima, sample RAD2, cat. No. RAD-2-001, B1 ɀ lateral view, B2 ɀ upper view. C: Pedavis breviramus, sample RAD3, cat. No. RAD-3-100, upper view. D: Lanea 

omoalpha, sample RAD4, cat. No. RAD-4-001, D1 ɀ lateral view, D2 ɀ upper view. E: Lanea planilingua, sample RAD2,5, cat. No. RAD-2,5ɀ001, E1 ɀ lateral view, E2 ɀ

upper view. F: Lanea sp., sample RAD2,5, cat. No. RAD-2,5ɀ002, F1 ɀ lateral view, F2 ɀ lower view. G: Lanea sp., sample RAD3, cat. No. RAD-3-001, upper view. H: 

Wurmiella excavata, sample RAD8, cat. No. RAD-8-001, lateral view. 
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sp., Ozarkodina typica, Ozarkodina cf. optima, Lanea sp., Lanea planilingua, 

Icriodus sp., and Icriodus cf. w. woschmidti. Wurmiella excavata (Branson 

and Mehl, 1933), Lanea omoalpha Murphy and Valenzuela-2þÏÓȟ ρωωψ, 

Pedavis breviramus Murphy and Matti, 1982 and Pedavis sp. have their 

first occurrence in Bed 11. In the upper parts of the succession at Praha-

2ÁÄÏÔþÎ ɉ"ÅÄÓ ρς ÁÎÄ ρσɊȟ ÃÏÎÏÄÏÎÔ ÄÉÖÅÒÓÉÔÙ ÄÒÏÐÓȟ likely in response to 

a deepening trend (this environmental interpretation is also confirmed 

by thin  sections G and K in Fig. 9). 

The herein described new taxon, Zieglerodina petrea sp. nov., was 

recovered just above the base of the Devonian from both sections 

(sample RAD1 from the Praha-2ÁÄÏÔþÎ and POZ5 from the Na 

0ÏĿÜÒÅÃÈɊȢ 7ÉÔÈ ÉÔÓ ÄÉÓÔÉÎÃÔ ÐÌÁÔÆÏÒÍ ÅÌÅÍÅÎÔ ɉ0ρɊ ÍÏÒÐÈÏÌÏÇÙȟ ÔÈÉÓ 

short-ranging, almost episodic marker is easily recognizable among 

other spathognathodontid taxa that range across the Silurian/Devonian 

ÂÏÕÎÄÁÒÙ ÁÎÄ ÈÁÖÅ ÍÏÓÔÌÙ ÃÏÍÍÏÎ Ȱoptima-ÌÉËÅȱ ÏÒ Ȱtypica-ÌÉËÅȱ ÄÅÎ-

ticulation. As a species of Spathognathodontidae, this taxon may have 

inhabited a diverse array of environments when compared to the current 

icriodontid boundary marker, and this hypothesis is further supported 

by the presence of Z. petrea sp. nov. in both sections. 
The occurrence of highly diverse faunas in the deeper-water en- 

vironment of the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ÉÓ ÓÕÒÐÒÉÓÉÎÇȢ -ÁÎÙ ÐÒÏÓÐÅÃÔÉÖÅ 

new taxa obtained in the conodont material have not been described yet 

and will be a subject of follow up study. Among spathognathodontids, 

short forms of Wurmiella sp. (Fig. 6C), or subtle elements of Zieglerodina 

sp. with tiny basal lobes and very sharp needle-like denticles (Fig. 6H) 

are common. Also, numerous short elements of Lanea sp. with massive 

asymmetrical basal lobes (see Fig. 7G, F) are typical spathognathodontids 

found in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȢ 4ÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÅÁÒÌÙ icriodontid  

taxa is crucial for the identification  of the Devonian base. The section 

at Praha-2ÁÄÏÔþÎ ÐÒÏvides relatively robust biostratigraphic control of 

the boundary: as both M. u. uniformis as well as Icriodus cf. w. woschmidti 

occur within the first bed above the Silurian/Devonian boundary (Bed 

9). Although the environment in this section was deeper compared to 

ÔÈÁÔ ÏÆ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÔÈÅ ÆÁÍÉÌÙ )ÃÒÉÏÄÏÎÔÉÄÁÅ seems to 

become more diverse (particularly  in sample RAD3 in Bed 11) 
with  a common occurrence of Icriodus and Pedavis. It  is also possible 

that icriodontid elements were transported by calciturbidites from the 

place of their origin in upper parts of the slope into strata deposited in 

deeper parts. 

Phylum: Chordata  Bateson, 1886 

Class: Conodonta Eichenberg, 1930 sensu Sweet and Donoghue, 

2001 

Order: Ozarkodinida  Dzik, 1976 

Family: Spathognathodontidae  Hass, 1959 

Genus: Zieglerodina Murphy, Valenzuela-2þÏÓ ÁÎÄ #ÁÒÌÓȟ ςππτ 

Species: Zieglerodina petrea sp. nov. 

Fig. 6, E1, E2, F1, F2 

Holotype: P1 element, cat. No. RAD-1-001, Fig. 6 ɀ E1, E2 

Paratype: P1 element, cat. No. RAD-1-002, Fig. 6 ɀ F1, F2 

Additional material: 4 P1 elements in sample RAD1 (cat. No. RAD-1-

003, RAD-1-004, RAD-1-005, RAD-1-006); 2 P1 elements in sample 

POZ5 (cat. No. POZ-5-001, POZ-5-002). The other elements of the 

apparatus cannot be identified at this stage as most of the ramiform 

elements of the coeval spathognathodontids are very similar. 

Depositories: All specimens are kept in the collections of Aneta 

(ÕĤËÏÖÜ at the Institute  of Geology of the Czech Academy of 

Sciences, v. v. i. 

Locus typicus: Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȟ τωЈυωᴂσσȢωᴃ.Ƞ ρτЈςπᴂτφȢτᴃ%ȟ 

Prague Synform, Czech Republic. 

Stratum typicum: base of Bed 10 (0ɀ20 cm above the base), lower 

Lochkovian, sample RAD1, Lochkovian Formation, very short range 

near the base of the hesperius-optima Biozone. 

Derivatio nominis: petrea (Latin) rock, crag or petros (Greek) rock, 

stone. 

Diagnosis: Platform (P1) element straight, not very robust with  

open, asymmetrical basal cavity in the posterior part of the element. 

A distinct gap in denticulation is present between the main cusp and 

the posteriormost denticles. 

Description (Platform element P1): The blade bears about 13 pali-

sade-like denticles of variable height. The denticles are thinner  in 

the anterior part, wider and more robust in the posterior part. The 

cusp located above the basal cavity is easily distinguishable, and so 

are the two distinct posteriormost denticles. There is a gap in den-

ticulation between the main cusp and the posteriormost denticles. 

Basal cavity of an asymmetrical heart shape is in the posterior part 

of the element. The basal cavity is open under the lobes but extends 

along the length of the whole element. Basal lobes form a large 

platform, which does not bear any ornamentation or denticulation. 

Remarks: Zieglerodina petrea sp. nov. resembles Zieglerodina pauci-

dentata (Murphy and Matti, 1982) described from the Silurian/De-

vonian boundary interval in Nevada (Murphy and Matti, 1982). P1 

elements of both taxa bear a gap between the cusp and the teeth in 
the posterior part of element, but all other parameters are different. 

Following the gap of Z. paucidentata are up to four reduced denticles, 

which are absent or very slightly developed, and followed by one or 

two normally developed denticles, but none of them is more distinct 

than the cusp. Compared to that, the denticles in the P1 elements of 

Z. petrea sp. nov. are not so restricted ɀ there is only a small gap 

followed by two denticles, from which usually one of them is 

comparable to the cusp in the size. Mature P1 elements of Z. pau-

cidentata have usually around 15 denticles, and the whole element is 

larger. Z. petrea sp. nov. has mostly only 13 denticles and the P1 

element is shorter. Only the proportions of the basal cavity and its 

position look similar. An evolutionary link between the two taxa is 

highly probable with respect to the distinct mode of denticulation. 

To decide whether Z. paucidentata is descendant of Z. petrea sp. nov., 

or if it is vice versa, requires further study. Besides Nevada, Ziegle-

rodina paucidentata has been reported from the early Pragian of 

Podolia (e.g., Drygant and Szaniawski, 2012). Such a long range is 

problematic, and this occurrence can be equally explained by re-

current morphology. Moreover, the only specimen figured (Drygant 

and Szaniawski, Fig. 11-R) does not correspond to the Nevadan 
specimens of Z. paucidentata and thus might be a different  species. 

Stratigraphic range in studied material: lowermost Lochkovian, 

basal Devonian (samples RAD1 and POZ5). 

5. Microfacies  analysis  

The recrystallization processes in sediments near the Silurian/ 

Devonian boundary began as early as during shallow burial stages 

(3ÕÃÈĻ ÅÔ ÁÌȢȟ ρωωφ; .ÏÖÏÔÎĻȟ ςπρφ). Changes of tiny sedimentary 

particles, microcrystalline clots and cements (S/D carbonate rock matrix) 

were followed by massive changes of bioclasts and cements in the late 

and deep burial stages. The high porosity of Scyphocrinites skeletal 

accumulations often led to protracted chemical instability of carbonate 

rock components and resulted in the local formation of dolomites. 

Calcisiltites are the most characteristic carbonate sedimentary rocks 

of the uppermost Silurian and lowermost Devonian beds of the Praha-

2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ɉÓÁÍÐÌÅÓ 2!$πςȟ 2!$πσɊȢ )Î ÔÈÅÓÅ ÒÏÃËÓȟ ÂÉÏÃÌÁÓÔÓ 

moderately exceeding the silt size are mainly of two types: spherical 

phycomata of planktonic prasinophytes and chitinozoans. Rock matrix 

and rims of bioclasts contain early-formed pyrite and pyrrhotite, which 
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Fig. 8. Transmitted-ÌÉÇÈÔ ÍÉÃÒÏÇÒÁÐÈÓ ÏÆ ÐÅÔÒÏÇÒÁÐÈÉÃ ÔÈÉÎ ÓÅÃÔÉÏÎÓ ÉÌÌÕÓÔÒÁÔÉÎÇ ÍÁÉÎ ÍÉÃÒÏÆÁÃÉÅÓ ÏÆ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȢ ! ɀ (sample POZ1): packstone with a 

gastropod. B ɀ (sample POZ3): packstone to grainstone with a part of undetermined disarticulated valves on the left and a small neptunian dyke in the centre of the 

sample. C ɀ (sample POZ6): packstone with algal or cyanobacterial crusts on stylolites. D ɀ (sample POZ6,5): grainstone with a crinoidal ossicle covered with algal or 

cyanobacterial crust. E ɀ (sample POZ8): packstone in the lower part of the sample with a transition to grainstone with parts of crinoids, brachiopods and trilobites in 

the upper part. F ɀ (sample POZ9): packstone with  a bioturbation  structure in the upper left corner, a part of a crinoid  with  borings in the lowerɀmiddle part. 
 

are indicative of the presence of dysoxic pore waters below the seafloor. 

Chondrites-based evidence of dysoxia at the base of the Scyphocrinites 

Horizon has been documented from other parts of the Prague Synform, 

ÅȢÇȢȟ ÆÒÏÍ ÔÈÅ 3Ⱦ$ ÓÅÃÔÉÏÎ ÏÆ ÔÈÅ "ÕÄĐÁÎÙ 2ÏÃË ÎÅÁÒ +ÁÒÌĤÔÅÊÎ ɉ-ÉËÕÌÜĤȟ 

2001). With the exception of several beds with crinoid debris, the 

lowermost Devonian beds rapidly returned to calcisiltite-dominant 

compositions. 

The depositional environment of the uppermost Silurian in the Na 

0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ÉÓ ÑÕÉÔÅ ÄÉÆÆÅÒÅÎÔȡ ÓÁÍÐÌÅÓ 0/:ρȟ 0/:ςȟ ÁÎÄ 0/:σ ÁÒÅ 

packstones to grainstones with  abundant skeletal remains of crinoids, 

gastropods, trilobites, brachiopods, ostracodes, conodonts and other 

phosphatic elements, and other bioclasts and biomorphs. The size of 

accumulated biodetrital particles even exceeds 2 mm (rudstone). The 

overlying lowermost Devonian beds show the same grain size and 

abundance of fauna. Although fine-grained background deposition in 

dysoxicɀanoxic conditions predominated even in coarse scyphocrinitic 

ÓËÅÌÅÔÁÌ ÈÁÓÈ ÉÎ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÔÈÅÓÅ ÄÅÐÏÓÉÔÓ ÃÁÎ ÓÔÉÌÌ ÂÅ 

related to shallower environments with abundant bioclasts. 

The location of the Scyphocrinites Horizon close to the base of the 

Devonian (see Figs. 8E, 9H, I)  has been recorded in many other sections, 
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Fig. 9. Transmitted-light micrographs of petrographic thin sections illustrating main microfacies of the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȢ ' ɀ (sample RAD02): chain-forming 

chitinozoans in calcisiltite. H ɀ (sample RAD1,5) and I ɀ (sample RAD2): biodetrital grainstone rich in debris of crinoids, brachiopods and ostracodes ɀ a typical 

association of the Scyphocrinites Horizon. J ɀ (sample RAD2,5): a shell of a microconchid in grainstone. K ɀ (sample RAD4): a lumachelle of crushed ostracode shells 

and salebrids in calcisiltite. L ɀ (sample RAD7): undetermined phosphatic element. 

e.g., the Carnic Alps, Cornwall, Morocco, Sardinia (see for example 

Haude, 1992; Ferretti and Serpagli, 1996; 3ÃÈĘÎÌÁÕÂ ÅÔ ÁÌȢȟ ρωωχ; 

3ÃÈĘÎÌÁÕÂȟ ρωωχ; Belka, 1998; Buggisch and Mann, 2004; Donovan and 

Lewis, 2009; Klug et al., 2013; Corriga et al., 2014b). Its presence in 

both sections studied herein would suggest similar sedimentary condi-

tions but, as mentioned above, microfacies characteristics revealed 

striking differences. Sedimentary conditions in the upper parts of the 

Ô×Ï ÓÅÃÔÉÏÎÓ ÁÒÅ ÁÌÓÏ ÄÉÆÆÅÒÅÎÔȟ ÁÓ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ ÉÓ ÍÏÒÅ 

shallow (presence of packstones to grainstones, abundance of diverse 

fauna) than the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ɉÃÁÌÃÉÓÉÌÔÉÔÅÓȟ ÌÅÓÓ ÁÂÕÎÄÁÎÔ ÁÓ-

sociated fauna, presence of pyrite, i.e., typical for samples RAD3, RAD4, 

RAD5, RAD6, RAD7, and RAD8). 

Fragments of fauna mostly belong to gastropods (Fig. 8A), bivalves 

(Fig. 8B), different phosphatic remains (probably fish or conodonts, 

Fig. 8C), crinoids (Fig. 8D), chitinozoans (Fig. 9G), or ostracodes 

(Fig. 9K, H). Most of the samples also contain various phosphatic par-

ticles (Fig. 9L) or algal crusts (Fig. 8C). Bioturbation is common in 

packstones to grainstones, borings in shells were also observed 

(Fig. 8F). Tiny salebrids (sensu Devuyst and Sevastopulo, 2005) are 

occasionally present in samples from both sections (see Fig. 9K). Do-

lomitization and stylolitization, observed in most of the samples, 

probably affected the variable preservation of conodonts. 
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6. Discussion 

Although deposited at considerably greater depths than the Na 

0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÔÈÅ 0ÒÁÈÁ-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ÒÅÐÒÅÓÅÎÔÓ Á ÔÙÐÉÃÁÌÌÙ 

transitional environment, where conditions for the coexistence of 

shallower and more pelagic conodont faunas could have developed. 

This interpretation is further supported by the abundance and diversity 

of icriodontids  recovered. Some icriodontid  morphologies are unique 

not only locally, for the Prague Synform, but probably also in globally. 

Compared to the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȟ ÉÃÒÉÏÄÏÎÔÉÄÓ ×ÅÒÅ ÎÏÔ ÁÓ 

ÁÂÕÎÄÁÎÔ ÉÎ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎȟ ÅÖÅÎ ÔÈÏÕÇÈ ÔÈÅ ÓÅÄÉÍÅÎÔÁÔÉÏÎ 

around the Silurian/Devonian boundary and in the earliest Lochkovian 

was distinctly shallower as revealed by the thin section work herein. 

This observation is quite striking when considered with respect to the 

general assumption that icriodontids preferred shallower environments 

in the Early Devonian (e.g., Bultynck, 2003). The predominant calci- 
siltite  character of the sediment could have permitted transport  of the 

icriodontid  elements (mostly broken) into relatively  deeper-water en-

vironments in carbonate turbidity currents together with other faunas. 

The stratigraphic succession of the oldest representatives of the 

genus Icriodus is still not fully understood yet. Following the discussion 

in Carls et al. (2007), there are still  doubts about the precise position of 

I. woschmidti and I. postwoschmidti. The abundance of diverse icriodontid 

elements points to a possibility that other taxa not yet formally named 

can be even older than the taxa already described. This applies also to 

the present conodont marker of the S/D boundary, I. hesperius. As has 

been discussed above, from a global perspective, the co-occur-rence of 

M. u. uniformis and I. cf. w. woschmidti (even if this taxon is left in open 

nomenclature) in a single bedding couplet directly at the Si-

lurian/Devonian boundary is unique. Conodonts and graptolites are 

good biostratigraphic markers for different environments. Conodonts 

work better in carbonate successions, whereas graptolites are better 

markers in shales; moreover, their co-occurrence is relatively rare. It 

should be noted that in Nevada I. hesperius was recorded almost 2 m 

(6 ft) below the FAD of M. u. uniformis in the Birch Creek II section 

(Klapper and Murphy, 1974) and thus the latest Silurian origin of this 

icriodid  cannot be excluded. In Podolia (Drygant and Szaniawski, 
2012), Icriodus hesperius enters below Icriodus cf. w. woschmidti in the 

Khudykivtsi Formation. In spite of the problematic weathered interval 

with shales just below the S/D boundary where conodonts are very rare, 

conodont data from the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ÓÈÏ× ÔÈÅ ÏÐÐÏÓÉÔÅ ÏÒÄÅÒ 

of the succession, where Icriodus cf. w. woschmidti enters earlier than 

Icriodus hesperius (see Fig. 4). Of importantance is the entry of I. hesperius 

in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ɉ2!$ρɊȟ ÉȢÅȢ ςυ ÃÍ ÁÂÏÖÅ ÔÈÅ 3Ⱦ$ boundary. 

Sampling density and sampling size, combined with consideration of 

sediment condensation, are crucial for deciphering the correct order of 

occurrence of conodont taxa, as these factors are responsible for 

producing different orders in the appearance of the oldest icriodids in 

different sections, globally. The expected condensation of sedimentation 

ÉÎ ÔÈÅ ÓÈÁÌÌÏ×ÅÒ ÅÎÖÉÒÏÎÍÅÎÔ ÏÆ ÔÈÅ .Á 0ÏĿÜÒÅÃÈ ÓÅÃÔÉÏÎ might have 

resulted in clustering of Icriodus taxa where both I. cf. w. woschmidti and 

I. hesperius enter in the same bed (see Fig. 3). 
Besides the high diversity  of icriodontids  in the Praha-2ÁÄÏÔþÎ 

section, conodonts of the family Spathognathodontidae are the most 

diverse and abundant in both sections. Zieglerodina petrea sp. nov. enters 

a few centimetres above the first occurrence of M. u. uniformis, but co-

occurs with I. hesperius. In spite of this, it seems to have a great potential 

for the approximation of the Silurian/Devonian boundary even in 

those environments where icriodontids are missing. With respect to the 

global distribution of the family Spathognathodontidae at this 

stratigraphic level, the newly described taxon of Zieglerodina petrea sp. 

nov. should be expected to occur in other areas, too, especially in 

palaeogeographically related regions (peri-Gondwana). This assumption 

was confirmed by the positive identification of Z. petrea sp. nov. by one 

of the authors (AH) in the conodont collection of the late prof. Otto 

Walliser (Georg-August-5ÎÉÖÅÒÓÉÔßÔ 'ĘÔÔÉÎÇÅÎɊ from the Tafilalt  Atrous 

3 section (Morocco) and from the Cellon section (Carnic Alps). 

Although until now, it was not possible to photograph these specimens 

with presence of the characteristic gap on the blade and thus only 

drawings were made, both samples come from a position immediately 

above the base of the Devonian. The peri-Gondwanan occurrence of 

Zieglerodina petrea sp. nov. demonstrates its utility as a promising S/D 

boundary biostratigraphic marker. To further test the global correlation 

potential of this taxon, a study of other Silurian/Devonian sections 

around peri-Gondwana including the Klonk section and sections in 

other regions needs to be conducted. The phylogenetic relationship of 

Zieglerodina petrea sp. nov. with  Z. paucidentata, while uncertain, is 

highly probable. Despite the differences between the two taxa, their 

most characteristic feature (a free space or a gap in the posterior part of 

platform element P1) seems to be almost identical. Z. paucidentata 

possesses incipient denticulation in the gap, while the gap of Z. petrea 

sp. nov. is free of any denticles. Z. petrea sp. nov. thus might be closely 

related to Z. paucidentata because the gap on the blade in the latter 

taxon is more distinct and ȰÁÄÖÁÎÃÅÄȱȢ According to Murphy and Matti 

(1982), Z. paucidentata occurs earlier and ranges with I. hesperius and 

below the first occurrence of M. u. uniformis in Nevada. Therefore the 

entries of these taxa might be very close, even coeval, or may represent 

regional intraspecific equivalents. The morphological analogy between 

the two taxa points to the prospective occurrence of Z. petrea sp. nov. 

globally, where the related taxon is present. 

Diversity above the base of the Devonian is slightly higher compared 

to that in the uppermost Silurian, and so is the abundance of conodont 

elements. The same characteristic trend is obvious in the studied 

sections: the number of taxa decreases (cf. samples POZ5, POZ6 and 

RAD1, RAD1,5, RAD2) and increases higher up in the sections until  it 

reaches the peak diversity (samples POZ7 and RAD3). Above, it starts to 

gently decrease again. This striking symmetry can be possibly explained 

by the fluctuation in water depth in the depositional environment; 

however, the changes in lithology are more easily recognized. It  is 

necessary to mention that the zonal boundaries are only tentatively 

established based on the first recorded occurrences of the zonal indexes 

that might probably enter earlier. The peak diversity in both sections 

covers mostly identical taxa (see Fig. 5) and thus it can be considered 

coeval. It also points to corresponding accumulation rates of the lower 

parts in both sections. Although the diversity  in Spathognathodontidae 
is relatively high, with  the exception of Zieglerodina petrea sp. nov. no 

other representatives of this clade demonstate the potential to serve as 

reliable biostratigraphic indicators of the Silurian/Devonian boundary, 

as taxa of this family mostly range across the boundary or their  

morphologies are not so distinct. 

Delimitation of the breviramus-omoalpha and omoalpha-carlsi biozones 

is quite problematic in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȟ ÂÅÃÁÕÓÅ ÔÈÅ species of 

Pedavis breviramus and Lanea omoalpha have their first occurrences in the 

same bed (RAD3). This fact prevents the precise identification of the 

bases of these biozones (see Fig. 5). When considering the Lochkovian 

zonation for the Prague Synform (3ÌÁÖþË ÅÔ ÁÌȢȟ 2012), the main reason for 

the closely spaced FADs in the Praha-Ra-ÄÏÔþÎ ÓÅÃÔÉÏÎ ÉÓ ÍÏÓÔ ÌÉËÅÌÙ ÔÈÅ 

result of condensed sedimentation at this stratigraphic level. 

The presence of the Scyphocrinites Horizon in both sections is a 

characteristic sedimentological feature of the Silurian/Devonian 

boundary. Species of the genus Scyphocrinites are widely accepted as 

representing pelagic faunas (e.g., Seilacher and Hauff, 2004; Ebert and 

Matteson, 2005; Corradini et al., 2009; Ferretti et al., 2009; Ebert et al., 

2010; Rozhnov, 2018). The Scyphocrinites Horizon therefore does not 

reveal much about specific sedimentary conditions. According to 

Manda (2003) and IÜÐ et al. (2003), sediments with  crinoids close to 

the Silurian/Devonian boundary in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ×ÅÒÅ 

probably allochthonous as they were deposited by oscillatory wave 

motion in the northɀsouth direction (according to the orientation of 

cephalopod shells). Also, some beds in the upper part of the section 

(samples RAD5 and RAD6) contain only small elements or juveniles, 
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while the adult forms are fragmented or missing (this also applies to 

both conodonts and cephalopods). 

7. Conclusions 

1) 4ÈÅ .Á 0ÏĿÜÒÅÃÈ ÁÎÄ 0ÒÁÈÁ-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎÓ ×ÅÒÅ ÓÅÌÅÃÔÅÄ ÔÏ ÐÒÏvide 

ideal conditions for a case study on conodont faunas in different 

depositional environments. The test of bathymetric sensitivity of 

particular  conodont clades is, however, biased by the dominance of 

calciturbidite deposition in the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎȟ ×ÈÅÒÅ 

conodont elements including shallower-water icriodontids were 

probably transported together with other faunas to deeper parts of 

the slope. 

2) Conodont material from the two sections is abundant and highly 

diverse in both the families Spathognathodontidae and 

Icriodontidae. The total number of identified taxa is, however, lower 

than the expected number of forms that need a formal description; 

this will be a subject of follow up study. The striking similarity in 

faunal composition in the two sections is obvious in spite of con-

trasting depositional environments; it can also be explained by 

fluctuations in water depth. 

3) The occurrence of graptolite M. u. uniformis ɀ the Silurian/Devonian 

GSSP index taxon ɀ is limited to pelagic siltstones and shales. The 

facies restriction associated with M. u. uniformis requires that a 

comparable biostratigraphic marker should be documented in car-

bonate successions. Data from the Praha-2ÁÄÏÔþÎ ÓÅÃÔÉÏÎ ÓÈÏ× ÔÈÁÔ 

I. cf. w. woschmidti co-occurs with the graptolite index taxon in the 

same bedding couplet just below the entry of I. hesperius (= the 

current conodont biostratigraphic marker of the S/D boundary). I. 

hesperius was recovered from both studied sections. Because of the 

relatively close entries of the graptolite M. u. uniformis and the 

conodont I. hesperius both in the Prague Synform and Nevada, I. 

hesperius is confirmed as the most reliable conodont biostratigraphic 

marker for the Silurian/Devonian boundary at the global scale for 

the present. 

4) The newly described taxon Zieglerodina petrea sp. nov. has the po-

tential to become a promising conodont biostratigraphic marker for 

the Silurian/Devonian boundary among spathognathodontid taxa 

and its phylogenetic relation with other spathognathodontids, 

especially with  Z. paucidentata still  has to be studied. 

Representatives of the spathognathodontid clade were more tolerant 

to water depth than icriodontids  in the late Silurian ɀ Early 

Devonian times. However, the very limited stratigraphic range of Z. 

petrea sp. nov. could potentially indicate an extreme palaeoecological 

control. The taxon can be easily identified by its distinct platform 

element (P1) morphology. Its occurrence at the same stratigraphic 

position in the Prague Synform, Carnic Alps, and Morocco, attest to its 

potential as a biostratigraphic marker for the Silurian/Devonian  

boundary  in  those  sections  around  peri- 
Gondwana, where graptolites and the oldest Icriodus taxa are 
missing. If the taxon is proved as conspecific with Z. paucidentata, 

then its stratigraphic importance could have been extended to North 

America. All the above conclusions, however, require a follow-up 

study. 
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A  B  S T  R  A  C T  
 

Upper Devonian marine deposits of the Baruunhuurai Terrane in western Mongolia represent island arc settings,  

which yielded a diverse conodont assemblage of 30 taxa, including species of Ancyrognathus (as well as one new 

species), Icriodus, Mehlina, Polygnathus and Palmatolepis. Biodiversity analysis of Ancyrognathus, Pelekysgnathus, 

Mehlina and Icriodus shows that the Mongolian conodont assemblage consists of two endemic and few cosmo-

politan taxa. Representatives of the otherwise globally distributed genus Pelekysgnathus are absent. An important  

factor influencing the regional distribution of conodont ta xa seems to be the siliciclastic-dominated sedimentation 

of the Baruunhuurai Terrane during the early Famennian.  

 
 

 

1. Introduction  

Previous studies of Upper Devonian deposits from NW-China 

(Suttner et al., 2014; Carmichael et al., 2014, 2016) and western 

Mongolia (Kido et al., 2013; Ariunchimeg et al., 2014), have high-

lighted the lack of knowledge regarding the biodiversity of conodont  

faunas in island arc settings and other less common palaeoenviron-

ments. This realization led us to our primary que stion, whether parti -

cular palaeoenvironmental settings could be validated as refugia or 

radiation  centres of marine faunas, both during  and in the aftermath  of 

global extinction  events. Previous work  on echinoderms and bryozoans 

in northwestern China (Xinjiang Autonomous Region), indicates that  

the Central Asian Orogenic Belt (CAOB) acted as a diversity hot spot 

during  the Famennian (Waters et al., 2003; Waters and Webster, 2009 ; 

Ernst, 2013). Biodiversity  analysis and palaeobiogeographic relations of 

ammonoids (Zong et al., 2015) and ostracods (Song et al., 2017) from  

the Xinjiang region likewise suggest high Famennian diversity. An  

overview of marine macrofossils from the Baruunhuurai Terrane in  

western Mongolia (Ariunchimeg et al., 2014) documents the high di-

versity and abundant occurrence of flora and fauna during the Fras-

nianïFamennian interval.  

Fossil taxa that are important biostratigraphic indicators, such as  

conodonts, carry the assumption of a cosmopolitan palaeogeographic 

distribution occurring in a broad  range of ecologically or climatically 

defined microfacies. Moreover, conodonts that are geographically or 

ecologically endemic (e.g., Klapper, 1995; Bultynck, 2003 ) can form 

significant elements of global biozones. Some index taxa even show a 

slight temporal asynchronous first occurrence datum (FOD) when oc-

currences are compared at high-resolution  scale (compare Spalletta 

et al., 2017, and references therein)  allowing  us to not only reconstruct 
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faunal provinces during different time intervals, but to track palaeo -

geographic radiations with appropriate datasets. 

Only a few conodont studies are known from the Upper Devonian 

succession of western Mongolia (Kurimoto et al., 1997; Ruzhentsev, 

2001). Outcrops of Upper Devonian sediments in northwestern China,  

which are palaeobiogeographically analogous to those from western 

Mongolia, have produced a quite diverse conodont assemblage (e.g., 

Xia, 1997; Wang et al., 2015, 2016), particularly in sections near the  

Boulongour Reservoir, at Wulankeshun and in the Halayemen coal 

mine. 

Here we provide a detailed conodont biostratigraphy and biofacies 

analysis of taxa obtained from the Hushoot Shiveetiin gol section 

(Baruunhuurai Terrane, western Mongolia) and discuss the global dis-

tribution and palaeobiodiversity patterns of Ancyrognathus, 

Pelekysgnathus, Mehlina and Icriodus that occurred during the early  

Famennian from the Palmatolepis subperlobata until the Palmatolepis 

gracilis gracilis biozones. 

2. Geological setting  

The Palaeozoic fold  belts of Central Asia, located between the 

Siberian platform and the  Cathaysian terranes (Fig. 1) are part of the 

Central Asian Orogenic Belt (CAOB). Formation  of the CAOB is asso-

ciated with the closure of a part of the Palaeo-Asian Ocean prior to the 

end of the Carboniferous and consists of a complex amalgamation of 

intra -oceanic island arcs and continental fragments (Xiao et al., 2010; 

Metcalfe, 2011; Choulet et al., 2012; Yang et al., 2013; Li et al., 2017). 

The deposits of the Baruunhuurai Terrane (i.e. East Dzungaria Zone; 

Ruzhentsev et al., 1992; Ruzhentsev, 2001) are located at the southwest 

end of the Gobi fold  megazone described by Tomurtogoo (2014; Fig. 2). 

These deposits consist of the Baaran, Ulaanus, Baitag and Olonbulag 

subterranes from  north  to south (Fig. 3; Badarch et al., 1998; Dergunov, 

2001). Previous geological correlations  have shown that  the Bar-

uunhuurai  region contains several principal  tectonic elements of 

eastern Kazakhstan and northwestern China (Ruzhentsev et al., 1992); 

the Baaran and Olonbulag subterranes are analogs of the Central Ka-

zakhstan volcanic belt. The Ulaanus and Baitag subterranes are as-

signed to the eastern termination  of the Junggar-Balkhash Variscan 

folded system. Recent developments regarding the tectonic evolution  of 

western Mongolian  terranes suggests that  the Baruunhuurai  Terrane 

was subdivided in  three rather  than four  subterranes with  the Olon-

bulag being classified at the rank of formation  (Tomurtogoo, 2014). 

Different  tectonic subdivisions of the study area show that  further  study 

is needed for better understanding  of the complex tectonic composition.  

However, here we follow  the palaeotectonic model for  the Bar-

uunhuurai Terrane suggested by Ruzhentsev et al. (1992): The Baaran 

and Olonbulag subterranes are interpreted  as an Andean type active 

continental margin that formed on the eastern continuation of the Ca -

ledonian Chingis Tarbagatai continent.  The Ulaanus subterrane re-

sembles a back arc basin. The upper and lower sheets of the Baitag 

subterrane formed a fore arc palaeo-oceanic trough  and a fore arc zone 

of the Baitag ensimatic island arc, respectively. Additionally, the Bij  

palaeo-oceanic basin is considered as a possible representative of the 

eastern continuation of the Ob-Zaisan Ocean. 

The present nappe structure of the area resulted from obduction of 

oceanic and island arc complexes onto the deposits of the continental 

margin during the middle Carboniferous. The structures described  

above were destroyed by collision of the Caledonian continental block 

with  the Baitag island arc. Subterranes of the Baruunhuurai  Terrane are 

briefly introduced below ( Fig. 3). 

2.1. Baaran subterrane 

The Baaran subterrane contains four different middle Palaeozoic 

structural -formational complexes:  the Baaran, Khaistyn, Khairhan and 

Gurvan-Khairhan. These are characterized by volcanic rocks of various 

compositions, ranging from basalts to rhyodacites (Ruzhentsev et al., 

1992). 

2.2. Ulaanus subterrane 

Deposits of the Ulaanus subterrane consist of epiclastics and tuffs  of 

Devonian age and of greywacke flysch of early Carboniferous age. In 

total, ten formations are distinguished within the subterrane (e.g.,  

Luvsandanzan, 1970; Ruzhentsev et al., 1992): the Nariinhar  Formation  

(Lower Devonian), Baruunhuurai  Fm. (MiddleïUpper Devonian), Hur -

endush Fm. (MiddleïUpper Devonian), Samnuuruul  Fm. (Upper Devo-

nian),  Inder  Fm. (lower Carboniferous, Tournaisian), Nuhniinuruu  Fm. 

(lower Carboniferous, ViseanïSerpukhovian), Borhavtsal Fm. (Mid -

dleïUpper Devonian to lower Carboniferous), Tsahirynnuruu  Fm. (De-

vonianïlower Carboniferous), Tavan-Ovoo Fm. (Viseanïupper Carbo-

niferous) and the Uushgiin -Ulaan Fm. (upper Carboniferous).  

Ariunchimeg et al. (2014)  provided a detailed description of each for-

mation including lithological c haracters and fossil contents. 

2.3. Baitag subterrane 

The Baitag subterrane shows a sequence of different  tholeiitic  rocks 

of Devonian age. Based on the geochemical composition and the 

structure  of deposits, these rocks relate to the fore arc zone of the Baitag 

island arc. A change in  the character of their  volcanism, specifically the 

replacement of calc-alkaline volcanic rocks by tholeiites  in  the southern 

part of the arc, suggests that the subduction zone had a southern po-

larity. Hence, two formations, the Baitag Formation (LowerïMiddle  

Devonian) and the Havtag Formation (Middle ïUpper Devonian) are 

discriminated ( Matrosov, 1966; Ariunchimeg et al., 2014). Finally, the  

Baitag arc accreted during  the early Carboniferous. A large single basin 

developed, which was filled with greywacke flysch later on. 

2.4. Olonbulag subterrane 

The Olonbulag subterrane contains acid epiclastics, rhyolitic  tuff,  

 

 

Fig. 1. Palaeogeographic location of the Baruunhuurai Terrane in  the Central Asian Orogenic Belt (CAOB) during  the Late Devonian (map left  side). Palaeomap with 

palaeogeographic regimes indicated (map right  side). Map adapted from  Blakey (2016), Xiao et al. (2010), and Metcalfe (2011). 
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Fig. 2. Map of Mongolia  with  the Baruunhuurai  Terrane indicated.  In  the geological map (1) the Samnuuruul  section and (2) the Hushoot  Shiveetiin gol section are 

located close to the border with  China in the south. 
 

numerous subvolcanic bodies of rhyolite, and dacite at the base of the 

approximately 2  km thick  sequence. A combination of ash tuff, lithic 

acid tuff, and tuffite represents the middle part of the sequence. 

Calcareous sandstone and sparse deposition of limestone form the 

upper part of the sequence. Distinctive brachiopod assemblages from 

the lower, middle and upper parts of the section are Famennian, 

Tournaisian and Visean in age, respectively. The deposits of the 

Olonbulag subterrane contain carbonaceous molasse sediments, which 

formed in coastal settings. Ruzhentsev (2001) suggested that this sub-

terrane once belonged to a volcanic belt due to the lithological char-

acteristics of its representative deposits, such as the abundance of 

rhyolites and dacites, epiclastics, and the lower Carboniferous bra-

chiopod limestones. 

 

 

Fig. 3. Lithological  units  of the Baruunhuurai  Terrane during  the Devonian and Carboniferous. 
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Fig. 4. Conodont zonation of Upper Devonian deposits at the Hushoot  Shiveetiin gol section with  the position  of rock samples (HS-cono-1ī16) indicated.  
 

2.5. Samnuuruul Formation 

The conodont assemblages reported from  the Baruunhuurai  Terrane 

were obtained from the Famennian Samnuuruul Formation of the  

Olonbulag subterrane (Lazarev, 1991; Lazarev and Suur'suren, 1992) 

which is distributed in the Olonbulag and Ulaanus subterranes and  

occurs in tectonic blocks allocated within the Baitag Bogd range, 

reaching to the southeast through the Baga Havtag range, at Huh 

Undur,  Tsahir and Huren  Bogd mountains.  The Samnuuruul  Formation  

conformably overlies the Middle Devonian Hurendush and Bar -

uunhuurai formations. It underlies the lower Carboniferous Olonbulag  

Formation. Sediments of the Samnuuruul Formation consist mainly of  

reddish brown conglomerates, gravel stones with thin limestone beds, 

greenish grey and grey fine to medium grained sandstone, siltstone, and 

tuffite.  The Samnuuruul  Formation  is estimated to be up to 450 m thick,  

with tuffite and siliceous sediments in the lower part and fossiliferous  

limestones in the upper part of the section (Kido et al., 2013; 

Ariunchimeg et al., 2014). To date, the Famennian age of the Sam-

nuuruul Formation is mainly based on the occurrences of brachiopods 

(e.g., Cyrtospirifer ivanovae, Sphenspira sp.), bryozoans (e.g., Cyclotrypa 

laminata), and rugose corals (e.g., Amplexus echinatus; compare 

Bol'shakova et al., 2003). A small conodont assemblage that included 

Polygnathus communis and Bispathodus stabilis was mentioned by 

Ariunchimeg (2014, and references therein), which supports a Fa-

mennian age assignment. Recent fieldwork at the Samnuuruul section 

(GPS: N 45Á17Ź06ź; E 90Á57Ź31ź; detailed lithological log provided by 

Kido et al., 2013) and at the Hushoot Shiveetiin gol section (GPS data of 

sample HS-cono-1: N 45Á16Ź16ź; E 91Á03Ź11ź; this study) resulted in a 

diverse conodont assemblage ranging from the Palmatolepis minuta 

minuta Biozone to the Palmatolepis rhomboidea Biozone confirming the  

Famennian age of the Samnuuruul Formation. 

3. Material  and methods  

Seventy rock samples that weighed between 0.5 and 4.5 kg were 

collected for biostratigraphic analysis from the Samnuuruul section  

(SAM/01,  SAM/02 /23ï66, SAM/03;  Fig. 2: locality  1) and sixteen rock 

samples from  the Hushoot Shiveetiin gol section (HS-cono-1ï16; Fig. 2: 

locality 2) during fieldwork in 2012 and the IGCP 596 field conference  

in 2014. 

Conodont extraction from limestone and marls followed standard  

processing methods (Jeppsson and Anehus, 1995). Rock material of 

each sample was cleaned and crushed to about 2 cm3 and then placed in 

wide-mesh sieves hung in buckets filled  with  warm tap water (about 

40 ÁC). Formic  acid (technical grade: 85%) was added until  the dilution  

reached a concentration of about 5% HCOOH. That process was re-

peated once a day until  samples were dissolved. Insoluble  residues were 

sieved into  63 ȉm, 125 ȉm, 250 ȉm and 500 ȉm fractions  and later dried 

in a laboratory -drying oven at 50 ÁC. For further separation of con-

odonts from insoluble residues sodium polytungstate (density: 2.79  g/  

cm3; method after Mitchell and Heckert, 2010 ) was used. Conodonts 

were found only in ten samples of the Hushoot Shiveetiin gol section. 

All  other samples were barren. All  conodont specimens are stored at the 

Mongolian  Paleontological Center (MPC) of the Mongolian  Academy of 

Sciences (MAS) in Ulaanbaatar, Mongolia under repository numbers: 

MPC-Co-15/1 to MPC-Co-15/144. Abbreviations  in  Tables 1ï2: 

sp. = species; elem. = elements; indet.  = indetermined  and broken 

elements; occ. no. = occurrence number; taxon no. = taxon number;  

alph. = alphabetic order;  long. = longitude;  lat. = latitude.  

4. Results 

4.1. Biostratigraphy and regional correlation 

Our original goal in this fieldwork was to identify Late Devonian  

anoxia and extinction events previously recognized in northwestern 

China (Carmichael et al., 2014, 2016) in a coeval Mongolian terrane in 

the Central Asian Orogenic Belt. Tectonic displacement and diagenetic 

overprint, particularly at the Samnuuruul locality, made this goal dif -

ficult. Generalized correlations between the Samnuuruul (SAM) and 

Hushoot Shiveetiin gol (HS) sections (Fig. 2) are possible based on 

macrofossils, which are abundant in both localities, but much better  

preserved at Hushoot Shiveetiin gol than at the Samnuuruul section. 

Large phacopid trilobites and branching tabulate corals found within  

unit 3 of the Samnuuruul Formation suggest a Frasnian age. Small so-

litary rugose corals, most likely belonging to the Famennian Cyathax-

onia Fauna, are observed only in thin limestone beds of unit 2 of the 

SAM section. The sampled interval of the HS section yields large pha-

copids, but does not yield larger specimens of rugose corals commonly 

5 to 7 cm long reaching a diameter of about 3 cm. Only one cross-sec-

tion of a tiny rugose coral was found on the rock surface of sample HS-

cono-13. Additional fossil groups are present approximately 100 m 

away from the section, but this fossiliferous unit consists of a slightly  

different lithological succession and the biostratigraphy has not been 

worked out at this time. We hoped that conodonts would provide a  

more precise biostratigraphic  framework  for our studies; unfortunately  

only the HS section was productive. 

Based on the conodont assemblages obtained from  the Hushoot 
































