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Morphologically distinct Pi1 elements of Zieglerodina
(Conodonta) at the Silurian T Devonian boundary:
review and correlation

ANETAHU GK 0% EADISLAVSL AV ¢ K

The R elements of the conodon®&eglerodina paucidentatdMurphy & Matti, 1982, andZieglerodina petrea
Hugkovsg & Sl avz?k, 2020, share similar gap in their de
morphologically similar spathognathodontids from near the Silubenonian boundary. The ambiguity in the
diagnosisof Z. paucidentatgan earliestLochkovianspecies)may affectprecisionin the recognitionof the boundary.

New geographic occurrences of petreain the Cellon section from the Carnic Alps, afdcf. paucidentatafrom

theAtrous section in Morocco is reportethe revised data have shown that some specimens previously described as

Z. paucidentatar Z. cf. paucidentatgprobably belong to other taxa; and therefore, their applicability for correlation

of the Siluriari Devonianboundaryis limited. AKey words:Siluriari Devonianboundary conodontsbiostratigraphy.
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In many parts of the world, the baseof the Devonian optima zones for the lowermost Lochkovian (Corradini
is generally characterized by the prevailing onsét & Corri ga 20al2p01X5)] ade&hd.nl aub
carbonate sedimentation. The index fossil for the base @0 1 7 , inS/acakettak2018), in some sections these
the Lochkovian is the graptolit!lonograptus uniformis important markers are missing due to paleoenvironmental
P Si ho¢d;hpweverbecausef dominatingcarbonates, constrains. The frequent absencei@fodontids, which
the lowermost Devonian stratigraphy must rely on othewere dependent on a shalloweater environment and
faunal groups, especiallyonodonts. Owing to their less tolerant to water deptbf( Hugkov 8 & Sl av?
abundance in carbonate successions and their globmbkes biostratigraphical correlation of the boundary
distribution, in many cases conodonts are the only faungkoblematic (see Jeppsson 1988 1989; Corradini & Cor
group that permits recognition of the Siluii@evonian riga 2010; Zzhao & Bu 201 4 ; Sl av2k 2017
boundary (corresponds to the conodbesperiugoptima  sequence, some recent studies were focused on the
Zone). Inmany studies over the past decades conodootzarkodinids (family Spathognathodontidae) and its
zonations for t he upper maostentialPf@ 2heé omprovenaent dof thehgéoball conedont mo s t
Lochkovian had been establishee.q, Walliser 1964, biostratigraphy of the Siluridievonian boundarye(g,
Klapper 1977, Ziegler 1979, Jeppsson 1988, Aldridge &urphyet al.2004, Carletal.2 007, Sl av2dé& 2011,
Sch°nl aub 1989, Nowl an 1 82612 Coradini& Cardga20i2,Pedvey2818Hp g g b v §
1999, Corriga & Corradini 2009, Corradini & Corriga& Sl av?2 k 2020) . Representatiyv
2012, esadlaWw?P Xk, S ethal°2r0l1laru b inS | aer éritical for the biostratigraphic subdivision of both
Vaceket al. 2018, Spiridonowet al 202; for a detailed theP S 2 deg,|ZReglerodinazellmeriCarlsetal., 2007;
overview see Hugkov§ & S| ZvabdlupacCaretal, 2 0@zarkodind eostein

In spite of the general consensus of the biostratihornensiss.s. (Walliser, 1964)7. klonkensigCarlset al,
graphical importance of the entry mfiodus Branson & 2007( S| @&Wa&cdketal. 2018);Z. eladioi (Valenzuela
Mehl, 1938,andrecognitionof thehesperiusr hesperius R 2 dl894);andthe LochkovianO. optima(Moskalenko,
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1966); Z. remscheidensiZiegler, 1960):Wurmiella ex  studiesby Hladil (1991,1992),Crick etal., (2001),F r T d a

cavata(Branson et Mehl, 1933); and othecs. ( S lekal 2 let al. (2002), Buggisch & Mann (2004), Vacek (2007),

2012). Lehnertetal. (2007),Vaceketal. (2010),K o p t 2ekab v 8

The genu«ieglerodinaMurphy, ValenzueledR2 os (& 010 a, 2010b) , Mandaet&l FrTda

Carls, 2004 includes critical species for biostratigraphy2011), Gockeet al.(2012), and Vacekt al.(2018).

previously prénscheidensiss n o ut phoe  dtiere are many regions where the Siltiriaavonian

ozarkodinids (e.g, Z. remscheidensjsZ. klonkensis boundary has been documented: Australilew South

Z. ivochlupagci Z. zellmerj andZ. eladio). The species Wales and Victoria (Garratt & Wright 1988, Packham

recently added to this genus a&epaucidentataMurphy  etal. 2001,V ®r ar d Argedtded Pr ecor di I-l er a (

& Matti, 1982, reclassified by Drygant & Szaniawski Muro et al. 2014); Algeria (Kermandji 2007); Canada

(2012), andZ. petreaHu gk ov 8 & S| av 2 ICanadar0 Rrd@ic isldnds, CGntario sand Yukon Territory

paper the lowermost Devonian occurrences of these twibenz1968,1982,1988;Telford 1988;M2 r etead. 1998);

taxa are discussed, including the miale from Otto Chinai YunnanProvinceandGuangxiProvince(Zhao&

Wal |l i ser @s coll ection, w hZhuc2010, R0d4 Zhaet all 20158 &ngland (Hoahd & i n g e |

University. The aim of the present paper is to comparRichardsonn Martinssonet al. 1977); Greenland (Blom

the conodont succession in the samples from the differe@®99);Germanyi FrankenwaldCarlsetal. 2007);Italy i

sections with a focus on the distinct denticulation inCarnic Alps and Sardinia (Corriga & Corradini 2009;

spathognathodontiglatform elements ofZieglerodina Corradini & Corriga 2010, 2012; Corriget al. 2016);

and their potential for biostratigraphical correlation ofKazakhstan Bandaletov & Mikhajlova 1971); Libya

the Siluriafi Devonian boundary. The specimens studiedRubinstein & Steemans 2002); MorocéoAnti-Atlas

come from several sections of different areas of théCrick et al. 2001, Lubeseder 2008, Corriga al. 2014);

world; e.g, Cellon section (Carniélps, Austria),Altrous  Mexicoi Sonora(Boucotet al.2008); Poland Bardzkie

3 section (AntiAtlas, Morocco), and Klonk section (Prague Mountains( P o r r&iSsakva) o M97;Russial South

Synform,CzechRepublic).Theconodontspecimensvere Ur al s ( Mavr i ns k ay ai E&stIBeriamv 2 k 2

also comparedwith those from the PrahaR a d oand@ n Chains and Guadarrama (Caiils Martinsson 1977);

NaP o ¢ § seetiongPragueSynform,CzechRepublic).  Turkey i Hazro Area (Kranendonck 2004); Thailand
(Burretet al. 1986); USAI Alaska (Blodgetet al. 1988),
NevadaKlapper& Murphy1975,Murphy & Matti 1982),

Silurian T Devonia n boundary 1 Historical Appalachian Mountains (Saltzman 2002); Ukraiine

overview Podolia (Paris & Grahn 1996; Drygant & Szaniawski
2009,2012;Ma ¢ k o atad. R009;Wrona2009;Drygant

Barrandg(1846)includedthelowermostLochkovianbeds 2 0 1 0 ; Bal i (Eetkal.2012)0 1 2 ; Racki

with adominance f car bonates in his Aftage Ee20, whil e

the overlying Aftage Ffl1l0 unites sequences of shales a

carbonate beds. These f £ tPalepgeogaphice distributidne nt i fi ed in t hi

Prague Synform and have been used all over the worlaf Spathognathodontid  conodonts

until closeto the end of the 20" century.ln 1984( K S2 §

et al. 1986), modern subdivisions were establisfied Spathognathodontid conodonts are abundant in strata

including PS2dol 2 ilutiah)oand tatownd the BilprieiiDenoeni@r bourBlary. They have been

Lochkovian (for the lowermost Devonian). described from many areasyg, Australiai Queensland,

The GSSRection of the SilurigrDevonian boundary New SouthWales(Simpsor2000,Farrell2004); Austriai

was defined in 1972 at the Klonk section in the Pragu€arnic Alps (Suttner 2009); Baltica Lithuania (Spirt

Synform. Since then, many biostratigraphic studies haveonov2020);CzechRepublici PragueSynform(Walliser

beenperformedincludingthe very detailedpaleontological 1 9 6 4 , Smichh ugp@.h 9 8 0, et & HB6Y

studiesontrilobitesby C h | u(p981,1983);brachiopods Carlsetal. 2007,S 1 a2021S | aet&.R012Hu gk ov §

by Havl 2| ek & Gtorch (1998)SI| ahazvk 2 2 @ R Grintetvild YQarteb dl.v a |l v e s

by KS2 ¢ (19 %Bpods bp aéhda;(200d)e pOA7); Italyi Carnic Alps and Sardinia (Walliser 1964;

Manda & Frlda (2010); g a sCorradin 2067s Cobiiga & FEorfadina 2009; Chreadini &

(1997);chitinozoaby Parisetal. 1981,Fatkaetal. (2006), Corriga 2010, 2012; Corriget al.2 01 6 ; Setll° nl aub

etc; conodonts by Barnett (1972), Mehrtens & Barnet2017); Mexicoi Sonora (Boucogét d. 2008); Morocca

(1976), Jeppsson(1988, 1989), S| a (280Ka,h,2011,  Anti-Atlas (Corrigaet al. 2014); Pakistaii Peshawar Basin

2017),Carlsetal. (2005,2007, 2008)S | a etdl. k2009, (Mawsonet al. 2003); Spaini East Iberian Chains and

2010, 2012), Sl av?zk & CaGuadarrafi (Carl@ MartinsSoh a9 ?); USALAlathka a d i |

(2020); as well as sedimentologicaland geochemical ~ (Blodgettetal. 1988),Nevada(Klapper& Murphy 1975,
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Pragian

Lochkovian 00O O

O Zieglerodina paucidentata ] Zieglerodina cf. paucidentata O Zieglerodina petrea

Figure 1. AT paleogeographic distribution of tlzéeglerodina paucidentai&ieglerodinacf. paucidentateandZ. petreain the earliest Devonian.

Legend:11 CoalCanyon,Nevada(Murphy & Matti 1982);2 7 RanchoPlaceritosareawesi centralSonoraMexico (Boucotetal. 2008);3 17 Mount
Michelson,Alaska, USA(Blodgettet al. 1988); 4i Podolia, Ukraine (Drygant & Szaniaki2012); 5 Pr ague Synf or m, Czech Rep
& S| av 2 ki CaricAlfps) Austrié (Suttneet al 2007, this contribution); 7Sout h Ur al s, Russi a ( M&eshawars kay a
Basin,Pakistar(Mawsonetal. 2003);9 i WesternNew SouthWales Australia(Mathiesoretal. 2016).AB i stratigraphidangeof Lower Devonian

t ax a d e sZegldrodieagaueidentafn, Ziedierodinacf. paucidentata  aZnpétrea

Murphy & Matti 1982), NewYork (Kleffner et al.2009);  CzechRepublic).Materialfrom the Cellonsection(Carnic

Ukrainei Podolia (Drygant & Szaniawski 2009, 2012); Alps) and Atrous 3 section (Morocco) was collected

Russigi Sout h Ural s ( Mavr i ns k andgrocesses Ibyaprof. IOtto ANallis8r) This Dadetich was

from sections from Austria, Czech Republic, Germanystudied in the conodont collection at the GeArgyust

Missouri, and Nevada were incorporated into the novdlni ver si t2t (G°ttingen, Ger ma

taxonomic cocept of Spathognathodontidae by Murphy

et al. (2004), who reclassified many spathognathantid

taxa and established new genera. The latest Siluriagtieglerodina petrea and Z. paucidentata :

spathognathodontids from North America were thecomparison and relationships

subject of dissertation by Peavey (2013). Her study

defined two different groups of taxa within the spatho The paleogeographic distribution @feglerodina petrea

gnathodonticamily, which could beindicativeof palaee  andZ. paucidentatas not regular (Tab. 1¥. petreahas

climatic changes. Despite the representatives of thigeen reported only from the southern margin of Gon

genusZieglerodinathat have been presented in all ofdwana, butZ. paucidentatahas also been documented

above mentionedregions of the world, occurencesof  from Laurentia and Baltica. The restricted geographic

Z. paucidentataand Z. petreaare also relatively wide distributionof Z. petreamay be a matterof few studiesof

spread, but only in low numbers of specimens per sampthis recently recognized taxon.

(see Fig. 1 and@ab. 1 that show a global dispersal of taxa The stratigraphic ranges of these two species are also

possessing a gap i n dent differantz getreaisonly docutdntedroritpedowecmost e nt a t

morphol ogyo). Lochkovian bhesperiusoptima Zone). While specimens
described aZ. paucidentataare known from sections of
the lowermost Lochkovianhésperiusoptima Zone), as

Material and methods well asfrom boththe Pragian(?Caudicriodussteinachensis
ZoneandsulcatusZone)andthe Emsian(gronbergiZone)

Conodont material described in this publication come&or more detailed information see Tab. 1.

from four sections. Samples from the Prdha d ot 2 n  @he A} elements ofZ. paucidentataand Z. petrea

Na Pog8rech sections wer eshar®mad fap baweah the ctusp gnd the destisles dat thes i n

standardtechniqguesemploying 8% solution of formic  (conventionalposteriompartof the elementbutaccording

or acetic acid ash the residues were concentrated usingo Murphy & Matti (1982), the gap i#. paucidentatas

heavy liquids (tribrommethane). Described elements anfllowed by up to four reduced denticles. They are only

the rest of conodont material are deposited at the Institutdightly developed or absent; and followed by a two,

of Geologyof the CzechAcademyof ScienceqPrague, three of four denticles on the posterior part, but none of
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Table 1. Globalpaleogeographiandbiostratigraphidistributionof ZieglerodinapaucidentataMurphy & Matti, 1982;Zieglerodinacf. paucidentata
Murphy & Matti, 1982;Zieglerodinaaff. paucidentataMurphy & Matti, 1982; andZieglerodina petreddu g k o v §
biozones are given. Abbreviatiors:= Zieglerodina O. = Ozarkodina

& Slavz2k, 2020.

Species Publication Significantassociatedonodontaxa Location/section Stratigraphy
Ozarkodina Murphy & IcrioduswoschmidthesperiuKlapper& Murphy,1975; CentralNevadaCoal lowermostLochkovian
paucidentata Matti (1982)  Oz.remscheidensi&iegler,1960). Canyon; NSimpson (woschmidii
ParkRange eurekaensigone)
Ozarkodina Boucotetal.  Sample2: only Oz.paucidentatgMurphy & Matti, Mexico, SanMiguel lowermostLochkovian
paucidentata (2008) 1982). Sample 30z. paucidentatéMurphy & Matti, Fm.,RanchdPlaceritos  (woschmidtiZone)
1982)togethemith IcrioduswoschmidtiZiegler,1960 areawestcentral
andOz.cf. Oz.pandora(Murphy etal., 1981). Sonora
Zieglerodina Drygant& Sample52/510m: only with Z. cf. paucidentatgMurphy  Podolia,lvanyeZolote  lowermostPragian
paucidentata Szaniawski & Matti, 1982). section (?Caudicriodus
(2012) steinachensigone)
Ozarkodina Mathiesoret  CaudicriodusampliatusMathiesoretal., 2016; Australia,Cobar Pragian
paucidentata al. (2016) EognathodusulcatudaneiMathiesoretal., 2016;0z. Supergroupwestern (sulcatusZone)
selfiLane & Ormiston, 197%anderodus unicostatus  New South Wales
(Branson& Mehl, 1933);WurmiellaexcavatgBranson
& Mehl, 1933);Z. remscheidensi(Ziegler,1960).
Ozarkodinecf. Blodgettet Polygnathusaff. perbonugPhilip, 1966)abovethe USA, Alaska,Mt. lower Emsian
paucidentata al. (1988) samplewith the Oz cf. paucid (Murphy & Matti, 1982). Michelson (gronbergiZone)
Ozarkodinecf. Mawsonet Oz.r. remscheisensi&iegler,1960);0z.excavata PakistanPeshawar lower Lochkovian
paucidentata al. (2003) excavataBranson& Mehl, 1933);0zarkodinasp. basin,Nowshera, (woschmidtiZone)
Branson& Mehl, 1933. KandarPir Sabalkarea
Zieglerodinacf. Drygant& Sample52/490m: Z. serrulg Z. mashkovagZ. Podolia,lvanyeZolote  lowermostPragian
paucidentata Szaniawski paucidentatgMurphy & Matti, 1982);Pedaviscf. section (?Caudicriodus
(2012) breviramusMurphy & Matti, 1982 Pandorinellina steinachensiZone)
praeoptimaMashkova1972);Pelekysgnathussakyi
(Chatterton & Perry, 1977)Pandorinellina parva
Drygant& Szaniawski2012. Sampl&2/510 m: only
with Z. paucidentatgdMurphy & Matti, 1982)
Zieglerodinacf. This Austria,CarnicAlps, lowermostLochkovian

paucidentata

Zieglerodinacf.
paucidentata

Ozarkodinaaff.
0. paucidentata

fi0zarkodin®
aff.
paucidentata
Zieglerodina
petrea

Zieglerodina
petrea

Zieglerodina
petrea

contribution

This
contribution

Suttner
(2007)

Mavrinskaya
&Sl av?|
(2013)
Hugk&v
S| a@oR®

Hugk&v
S| a@R®

This
contribution

Oz.rems.remscheidensi&iegler,1960);0z.excavata
excavataBranson & Mehl, 1933);anea telleri
(Schulze, 1968);.anea eoeleanoralurphy &
ValenzuelaR 2 d $99;0z aff. Oz.pandoraalphaand
betamorph (Murphyet al, 1981).

Pelekysgnathuserratuscf. guadarramensi¥alenzuela
R 2 dlg94.

Z.cf. zellmeriCarlsetal., 2007;Z. cf. remscheidensis
(Ziegler,1960);Zieglerodinasp.;Ozarkodinasp.;
IcriodushesperiuKlapper& Murphy, 1975;lcrioduscf.
w.woschmidtZiegler,1960.

Oz.cf. optima(Moskalenko1966);Zieglerodinasp.;
IcriodushesperiuKlapper& Murphy, 1975.

CellonSection

Morocco,Anti-Atlas,
Atrous 3 section

Austria,CarnicAlps,
Rauchkofeformation,
Seewartesection

RussiaSouthUrals,
Mindigulovo Section

Czech RepublicRrague
SynformRadot 2 r
section

Czech RepublicRrague
Synform,NaP o § § r
section
Austria,CarnicAlps,
CellonSection

(hesperiusoptima
Zone)
lowermostLochkovian
(hesperiusoptima
Zone)
lowermostLochkovian
(?A. deltaZone)

Lochkovian
(eoeleanoi.eleanor.
Zone)
lowermostLochkovian
(hesperiusoptima
Zone)

lowermostLochkovian
(hesperiusoptima
Zone)
lowermostLochkovian
(hesperiusoptimaZone)
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them are more distinct than the cusp. Thetotal number
of denticles in mature elements is around 15. The bas
cavity is situated in the central part of the element, an
thelobesareopenwidely andcircular. The baselobescan
be symmetrical or slightly asymmetrical (for more details|
alsoseeFigs2 and3 aswell asthe systematigartbelow).
Comparedo that,the P, elementsf Z. petreadiffer from
theprevioustaxon:ontheposteriompartof elementis only
a small gap followed by two denticles, from which one of
them is usually comparable to the cusp in sizepetrea
also has a lower number of denticlessually around 12
or 13 in mature elements. The basal cavity is situated i
theposteriorpart,andits lobesareopenwidely andasyn
metrical.

It is possiblethatthereplacemenof the denticleswith
the gap is not connected with just one stratigraphic leve
Hence,Z. paucidentatdrom the lowermost Lochkovian
may not be relatedto thefi p a u ¢ i d=e possessing O
a gap) forms from the younger biostratigraphic levels
They emerge at stratigraphic levels, where specifi
paleoecological conditions may change more rapidly
than continuous change of temperature from the colde
P S 2 thwdrrerLochkovian,chemicalchangesn ocean
water and global sea level fluctuatioa.d, Crick et al _ _ _ _
2001, Spiridonowet al 2020), and the organisms had tOF!gL_Jre 2. Drawing of selected spathognathodontidselRments YVIth

" . istinctgapclusterednto groups(1, 2, 3, 4,5, 6) basecbn morphological

agapt_to the new conditions or mlgra‘_te' The conodo imilarities, with tentative interpretation of their phylogeny. Group 1
diversity above the base of the Devonian increabid  strictly follows the characteristics & petrea Group 2 and 3 includes
only the diversity of the spathognathodontids is therelementswhichoccursin LowerLochkovianandresembleZ. petreaand
slightly higher, but also the new genlgsiodus enters. Z. paucidentata.Group4 bearsthe characteristiCS)f Z. paucidentata
This marks a striking change in icriodontids that wer§r°“p5_ and 6 occursin the Pragianand resembleZ. petrea and
dominantly represented during the Silurian by the genu,gf' pa}ugdentataFor details see tzext. Legend: iAZieglerodina petrea‘

- -~ . ugkovsg & Slavz2zk, 2020, Na Pog8rech
PedavisKlapper & Philip, B71. The entry oficriodus  poz5001, lower Lochkovian; B Zieglerodina petreaHu gk o v § &
wasaglobalevent.S | a & Fl&dil (2020)introducedthe S| a 2®&hplotype,R a d oSectiampublishednHu g k& 818a v 2 k
Icriodus Event that represents the origin and rapid global2020, fig. 6e), lower Lochkovian; T fiOzarkodin®@  gpéutidentata
dispersal of the genus. This should not be mistaken H{urPhy& Matti, 1982,publishedn Mavrinskaya& S | - a (201kfig. 6)),
the often misused Klonk Event by Jeppsson (1998) th indigulovo S_ecnon, Loc_hkowan; O Ozarkodinacf. paum_dentata

. : urphy & Matti, 1982,publishedn Mawsonetal. (2003,pl. 4, fig. 19),
hasbeen recently misunderstood by Barretkal. (2021).  kandai Pir Sabak area, Lower Lochkovian: E Zieglerodina cf.
The origin of the early Devonian taxa of the family paucidentataMurphy & Matti, 1982, sample Wa372222, Atrous
Icriodontidads alsouncertainasis theexactphylogenetic 3 section, cat. No. GZG.MP.4987, lower Lochkoviari; Eieglerodina
relationshipsamongthe youngesticriodus speciege.g, paucidentataML_erhy & Matti, 1982, publi_shedn Murphy & M_atti

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

I'_ hesperiusKlapper & Murphy,_ 1_975;I' woschmidti G 1 Ozarkodina paucidentatMurphy & Matti, 1982, publishedn
Ziegler, 1960; and. postwoschmidt{Mashkova, 1968); mathiesonet al. (2016, fig. 32i), section western New South Wales
Carls et al. 2007, and the recently described new taxarundle, Pragian; H Zieglerodinacf. paucidentataMurphy & Matti,
rom Laurena by Barrict 2l 2021} o e oposons okt o

. MOStO.f theelementghatwerepreVIOUSIyC|aS§IfledaS. 1982,pl’Jinshgedn’Drygar?t& Szaniaw.fk(ZOlZ,fig. 11r),ﬁ/z:/nyeZoIoté
Zieglerodina paucidentateesemble those of this SPecies ¢ iion pragian.
in the gap between the cusp and the remaining denticles
but differ in other aspects.Theseinclude the number
of denticles in mature elements and the proportions of. petreaand Z. paucidentatawith other traits, but the
the basal cavity. Several groupk e@lements previously gap between the denticles is not so prominent. It can be
described a<Z. paucidentataand Z. petreathat differ  consideredas incipient, still possessingsmall denticles
morphologically have been distinguished (Fig. 2). Then the critical part of the posterior part of the element.
first groupstrictly follows the characteristicef Z. petrea  The third group shows more of the characteristicsof
The secondgroup includes elements,which resemble  Z. petreathan of Z. paucidenata; the gap is followed

PRAGIAN

LOCHKOVIAN
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by only two denticles, the total number of denticles iof the latter species t@ieglerodinahas been confirmed
low (around 10), and the basal lobes are asymmetricddy Corrigaet al. (2014) on the basis of a reconstruction
This group also hasa few characteristicghat resemble  of the apparatus. Corriga (2007, 2011) considered
Z.paucidentatathesebeing:denticlesvisibly smallerthan ~ Ozarkodina eladio(ValenzuelaR 2 o s , 1994) as
the cusp, and the basal cavity almost in the middle padf Ziegleroding which was later confirmed in Corriga

of element.The fourth group bearsthe characteristicef & Corradini (2019) by description of its completed
Z. paucidentataThese groups have representatives in theappagatus. Drygant & Szaniawski (2012) movedz.
Lochkovian.The fifth group has traits more characteristicprosoplatys(Mawsonet al, 2003) andOz. paucidentata
for Z. paucidentata mainly the presence of a smaller (Murphy & Matti, 1982) to the genuZieglerodina and
denticle or denticlesin the gap, the basalcavity is in  Corrigaet al. (2016) also adde&andorinellina formosa
the middle part of the element; but it alsbows some (Drygant, 2010) to the genus.

similarity to Z. petreai asthetotal numberof denticless However, it should be noted that the generic -attri
around 10. However, an element of the fifth group occurbution of all of the species mentioned above would only
in the Pragian, which means it is several million yearde confirmed when the complete apparatuses are recon
younger than the morphologically convergent earliesstructed (as has been done #ieglerodina eladioiby
Devonian specimens. The sixth group stands apart fro@orriga & Corradini 2019).

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

shareshegapbetweerdenticlesTheotherparameterare  Zieglerodinacf. paucidentata(Murphy & Matti, 1982)
completely differeni thesize of the element (although it Figures2D, E, I; 3C,F

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

number of denticles, and the constricted basal platform. ? 1964 Spathognathodussteinhornensisremscheidensis

Elements allocated to this group are younger as well and Ziegler.i Walliser,pl. 20, fig. 26.

occurin the PragianThedifferencesn morphologyof the 1975 Ozarkodinan. sp. E. i Klapper& Murphy, p. 44,
figured specimens can also be the result of intraspecific pl. 7, figs 6, 9, 10.

variation reflecting paleoenvironmental conditions at the 1977 Ozarkodinan. sp. E. Klapper & Murphyi. Klapper,
regional level. p. 51.

cf. 1982 Ozarkodinapaucidentatan. sp.; Murphy & Matti,
p. 910, pl. 1, figs 2632, 39, 40.

Systematic paleontology 2003 Ozarkodinasp.cf. O. paucidentataurphy & Matti. i
Mawsonetal., p. 93, pl. 4, figs 19, 20.

ClassConodonté&ichenbergl1930sensiSweet& 2007 Ozarkodinaaff. O. paucidentatdMurphy & Matti. i
Donoghue (2001) Suttner, pp. 38, 39, pl. 18, fig. 10.
OrderOzarkodindaDzik, 1976 non2012 ZieglerodingpaucidentatgMurphy& Matti). i Drygant
Family Spathognathodontida&¢ass 1959 & Szaniawski, p. 851, fig. 11r.

non2012 Zieglerodinacf. paucidentatg Murphy & Matti). i
GenusZieglerodinaMurphy, ValenzuelaR 2 & £arls, Drygant & Szaniawski, p. 851, fig. 11s, t.
2004 non2013 iOzarkodina aff. paucidentatfMurphy & Matti). i

"y

Mavrinskaya & Silav2k, p. 291

Typespeciesi Spathognathodusmscheidensigiegler, non 2016 Ozarkodina paucidentata (Murphy & Matti). T
1960. Mathiesoretal., p. 643,fig. 32h,i.

Remarks.© Genus Zieglerodina was established by Material. i 18 R elements in samples from Cellon
Murphy et al. (2004) to include the ozarkodinids of the section, 12 Pelements from Atrous 3 section.
fremscheidensi&r ou p 0 . The Ozhtkadigan osi s of A

remscheidensigiegler, 1960 was restricted to morphsDescription.i A species oZieglerodinacharacterized by
very similar to the holotype (Ziegler 1960, pl. 13, fig.  a R element with distinctly lowered area in the posterior
2). Afterwards, Carls et al. (2007) introduced three part. The lowered area adjacent to the cusp is filled with
new speciesto discriminate forms from the P S 2 d adddceddenticles.High, conical cuspis not locatedin

(Z. klonkensisCarls et al., 2007; Z. ivochlupaci Carls  the center but slightly posteriorly. The platform lobes are
et al, 2007; andZ. zellmeriCarlset al, 2007). Drygant almost circular from the upper view. Our material figured
(2010) described. podolicaDrygant, 2010, and moved is very close to origial material from Nevada, but there
Ozarkodina mashkoea (Drygant, 1984),Oz. serrula is not the real gap, but the area is filled up by reduced
(Drygant , 19@zdplanilingua(Murghy &  denticlds instead. Therefore the figured specimens are
ValenzuelaR 2 01999)to Zieglerodina The assignment treated herein in open nomenclature.
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Figure 3. SEM images of selected conodontdfements oZieglerodina petreddu g k o v 8§ & Hleglevotlihacf. paidid2nataMurphy &

Matti, 1982.A 1 | speci mens arAeB, b, &i Ziepleodisapeatredl sTlad s & Sl av? k, 20 QafbhplewbsdAve r L o c |
Cellon section, cat. No. GZG.MP.4988] i lateral view,A2 i upper view; Bi sample POZ5, cat. No. POZi 001, B1i lateralview, B2i upper

view; Di publishednHu gkovs§8 & Slav2k, 2020, hol otype, Ra d ot 2 nliO8le @1t laterat view,Pr ag u e
D2 i upperview; Ei publishedin Hu g k & 8 B a (2628), paratype sampleRAD1, cat. No. RADi 1i 002, E1i lateralview, E2i upperview. A

C, Fi Zieglerodinacf. paucidentata lower Lochkovian; Ci sample Wa548, Cellon section, cat. No. GZG.MP.4988, upper viensafple

Wa3722 22, Atrous 3 section, cat. No. GZG.MP.4987,iFthteral view, F2' lower view.
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Remarks.i This species was originally diagnosed andDescription i According to the original diagnosis, the
named by Murphy & Matti (1982, p. 9) based on materiaplatform P; elements straight,not very robustwith open,
previously documentedbut left in open nomenclature asymmetrical basal cavity in the posterior part of the
by Klapper & Murphy (1975). The diagnosis includedelement. A small gap in denticulation is present between
the rudimentary nature of denticle developmenttiom themaincuspandtheposteriormostienticlesusuallyone
posterior process, but also stated that the number of two), from which one of them is usually comparable to
reduced denticles was three or four (for more details sehe cuspin size.Numberof denticlesis usuallyaround12
Fig. 2F). However,few P; elementsf this speciesappear or 13 in mature elements. New material from the Cellon
to haveonly two reduceddenticleson theposteriorpartof ~ section and Morroco is visibly very close to original
elementMurphy & Matti 1982,pl. 1, figs 31,32,39,and  material from the Prague Synform. Even if some of the
40). This diagnosisalsodenoteghealmostcircularnature  element®f Z. petreafrom Cellonwerebroken theycanbe
of platform lobesin the upper view. While this could identifiedbecaus®f thesignificantgapin posteriompartof
be true of the holotype, other specimens show a distinelementThebasalcavityis widely openandasymmetrical
asymmetryof thelobes(e.g, Murphy & Matti 1982,pl. 1, and also the number of denticles corresponds. The P
figs 31 and 40). The specimens from Podolia describeelements from the Morocco have about 10 or 12 denticles
by Drygant & Szaniawski (2012) also greatly differ fromand they are a bit shorter, than the ones from the Prague
the holotypd they have a comparatively small size, highSynformandCellon.All P; elementsharethesimilar gap
cusp, and differentiated height of the blade sections, of posterior part and other proportions are corresponding
which the anterio one is much higher (for more details to the holotype as well.
see Fig. 2H, I)The three elements have 8 to 10 denticles.
In comparisontheelementglescribedn Murphy & Matti Remarksi The taxon was recently
(1982) have 13 to 14 denticles at variable size. A similag& S| av 2 k 2 0 2 0,eleneatsird two sectidhs P
element was mentioned in the study of Maskaya & in the Prague Synform. Although dispersal of this taxon
Slavzk (2013), wher e it icsuldhawd Heen icomsidergu eegionallp restricted! tathat r e
fiOzarkodin®  aplucidentata(see Fig. 2C). This P area, this paper shows more data on its occurrence (see
element is relatively bigger, the lobes are strongly asynFigs 2, 3).Zieglerodina petreavas recently also doeu
metrical, and the frudi mementadrirythedigpoblished todgdontontateriglfpO.-Wed n o t
wide and distinct asin the holotypespeciesThestudy | i ser ds collection from the (
of Mathiesonet al. (2016) as a diagnosis of this taxonwhich confirms its wider regional occurrence in the peri
includes the fdAunifying ch@adndwana.eThe sdoided swafigraphita range lofathis v e |
posterior p r o cZegleraglina pauciden r gpeciesgis gry, short; only occurring in the lowermost
tata seems to be a species that clusters together severalchkovian, usually together with the first entry of
slightly different morphotypes, which only share onelcriodus hesperiusklapper & Murphy, 1975, for now
characteristici rudimentary or missing denticles in the (temporarily) the best conodont marker of the base of the
posterior part of element (see Fig. 2@Jso, this species Devonian. A phylogenetic relationship witiegleralina
is documentedrom two differentstratigraphigositionsi paucidentata which is probably slightly younger, is
from the lowermost part of the Lochkoviahe§perius  highly probable.
optimaZone)andthePragian(sulcatusZone)(seeTab.1).
A questiorremainswvhetherthesen d i f mer phbt ypes o
of Z. paucidentatsstill belongto thesamespeciesreflect  Discussion
ing rather intraspecific variations. We think that these
stratigraphically contrasting specimens need to be reclagimost half of the specimens possibly relateZtegler
sified asdifferenttaxaat leastat the (sub)specietevel,how-  odina paucidentata were left in open nomenclature
ever, these are treated here for the purpose of this reviewind classified ag. cf. paucidentataby authors of their
descriptions. This points to the ambiguity of the <¢las
ZieglerodinapetreaHu g k & 6§ a 202k , sification. The question remains if the division of this
Figures2A, B; 3A,B, D, E taxon into two categoriescould solve this problem:
a f or maZ pawideatatess @nsu strictoo
2020 Zieglerodinapetrean.sp.;Hu g k & ¥18a fig26kl, complies with lhe original diagnosis, description, and

e2, f1, f2. hol otype; pl us a Z. paucderdatama | c
sensu a twhearetheconcepbf thetaxonis moreliberal.
Material.T 8 el ement s i n sampl eAspliftmgd up ink subsparigsssrpmlzably needed.
section, 4 Pelements from Prai®@a d ot 2 n s e c t Zieglerpdindpetr@ashareshe gapin denticulationin
elements in samples from Cellon section. the posteriorpartof P, elementswvith Z. paucidentatebut
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other aspects of their morphology are differeng( the hasto beconsideredTheoccurrencef theoldesti Loch-
number of denticles, the size of the element, the positidko vi an fip au c iZeglerddinaiseegpeciallg x a o f
and shape of the basal lobes). However, the stratigraphiseful in the case of scarcity of other critical biostrati
range of these two taxa is virtually the saimgoth occur graphic markers graptolites and the oldest taxa of the
in the lowermostLochkovian.Moreover,formsdescribed conodonfgenudcriodusthatindicatethe Siluriari Devon
as Zieglerodina paucidentatare also recorded from the ian boundary.
Pragian and Emsian (see Tab. 1). However, such a long
range up to 13 Ma is rather improbable. The former
concept of very loniganging taxa;e.g, Wurmiella Acknowledgments
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ARTICLEINFO ABSTRACT

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

Global correlation ternative AET OOOAOECOADEEA [ AOEAOO T £ OEA 3EI OOEAT RHAMDIOPEAT
Spathognathodontidae sections, with contrasting lithologies, were chosen to study changes in conodont faunas in relation to different
Icriodontidae

carbonate faciesz i.e., shallower and deeperwater 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 antiet most tolerant clade
found in different carbonate environments at this stratigraphic level. Although theScyphocrinitesdorizon 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 Spathognathodontidaeand
Icriodontidae. Altogether, 18 taxa wereidentified, but many forms still require a formal description. A new
spathognathodontid taxon,Zieglerodina petreap. nov., described herein, is easily distinguishable because of its
distinct morphology in denticulation of the blade, and its first occurence 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 perGondwana. Although the stratigraphic occuence 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.

Biostratigraphy
Peri-Gondwana

1. Introduction definition of the GSSPfor the Silurian/Devonian boundary. According
to Martinsson (1977), many faunal groups occur in various enviroments
The continued study of conodonts is crucial for improving the through this interval in the Prague Synform, including acritarchs,
chronostratigraphic framework of Palaeozoic carbonate successions. chitinozoans, ostracodes, conodonts, grapliees, brachiopods, trilobites,
Biostratigraphic utility of this extinct clade is extremely high due to the  bryozoans, crinoids, bivalves, phyllocarids, vertebrates, and spores of
relatively rapid and distinct morphological changes that occurred land-plants. Despite the abundance of taxa of several of thedaunal
within discrete conodont elements enabling the precise relative dating groups, only a few of them have potential for global stratigraphic
of marine strata. Biostratigraphic framewok is essential for all chron correlations. According to Martinsson (1977) and also some more reent
ostratigraphic methods like radiometric dating, gammaray spectro- work (cf. Brocke et al., 2006Carls et al., 2007( OHE T O U R017, the v h
metry, magnetic susceptibility, isotope studies and other geochemical most useful taxa for the recognition of the Silurian/Devonianboundary

or correlation methods (e.g.,Cramer et al., 2015 Husson et al., 201k are graptolites, conodonts, and chitinozoans. However, othefaunal
However, the conodont biozonation through the Silurian/Devonian  groups can be helpful as locaharkers or proxies for the boundary (e.g.,
boundary interval still needs to be considerably refined, which can only trilobites Tetinia minuta(0 GE A U | AT A ),6ahd Wartiurgeltaw ¢ ¢
be accomplished by continued detailed studies of all conodont taxa (cf. rugulosa(Alth, 1874), or the crinoids of the genusScypharinitesZenker,
Carls et al., 2007; Corradini and Corriga, 2012; 3 1 A &g 2012). 1833).

Numerous comprehensive studies on faunal records preceded the In the Prague Synform, the Silurian/Devonian boundary is
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A.Hu g kandl§S | a

predominantly developed in a sedimentary succession of diverse slope
topography. The index for the boundary is the graptolite species
Monograptus uniformis uniformiz G E A U I, fwhich accurs 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 carbonags, the scarcity or
absence of graptolites caused problems in the identification of the base
of the Devonian. In contrast, conodonts are abundant in carbonate
successionsof varied facies. As aresult, 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 (Jeppsson1988,1989;3 1 A Pop7&)h
The late SiluriargEarly 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, OzarkodinaBranson and Mehl, 1933 (cf. Carls et al,
2007). As a result, the Pridoli was lacking weltlefined 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 beentoo cautious in introducing a new species
in the last three decades.As has been demonstrated by recent taxo-
nomic revisions (Murphy et al., 20Q; Carls et al., 200), 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 SiluriagEarly Devonian conodonts
i ddsteinhornensis A1 Arems$zheidensts Ghad stagnated and such
lumping considerably blunted the precision of taxonomy, phylogeny,
and, as a result, correlation. Excessive lumping resulted ithe in-
OO0T AOAOQE| remscheilensisE A EO UT T A &l O ze@ly A
Pridoli strata (see Aldridge and 3 A E E T 198DiA fFig. 1). Aldridge
AT A 3 AEET IiAcldded g spbspedies|of a typical early Logbvian
O A @ Diarkddina remscheidensimto 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 thePridoli were
made in more recent years, andlurphy et al. (2004) proposed several
new genera for the late Silurian (e.g., Ziegleodina,
O A wWQ énd Wurmiellg. New regional late Silurian conodont bio-
zones that modify, to some extent, the original zonal concepts (e.g.,
Jeppsson,1988; Jeppssonet al., 1994) were established in many areas
of the world: in Australia (Simpson, 1995 Farrell, 2004), Sardinia
(Corradini and Serpagli, 1999, east Baltic {iira, 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 GSSPfor the Silurian/Devonian boundary),
xEAOA
for the latest series of the Silurian (se€-ig. 1). The application of the
detortaBiozone 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 bysouwy and
Corradini (2006) and then largely discussedby Carlset al. (2007). The
first occurrence of the nominal taxon, Delotaxis (= Oulodug detorta
(Walliser, 1964), occurs before that of the taxoreosteinhornensis.s. The
two-fold zonation was later modified by Corriga and Corradini (2009),
introducing the eosteinhornensis.l. Interval Zone. This concept was
adopted by Crameret al. (2011) and by Melchin et al. (2012). Corradini
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and Corriga (2012) subdivided the detortaBiozone into the Lower and
Upper detortabiozones based on data from the Carnic Alps and Sardinia
using the last occurrence ofDapsilodus obliquicostatuéBranson and
Mehl, 1933 a coniform elenent, as the critical marker for the inner
zonal boundary. Most recently,Vacek et al. (2018)provided a conodont
Ui 1T AOQGETI
Their regional zonation includes fre 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 ofWalliser (1964) who in-
tegrated conodont data fromseveral sections from the area into his first
conodont biozonal framework. An enormous amount of work on late
Silurian conodont faunas was done by 3 AE ET (inAxOfAl O & @lg
1980 and + Gp . A O), whb 8ampled many late Pridoli sections in
the Prague Synform. Based on the recovered data, he recognized all the
late Silurian biozones ofWalliser (1964). It was in this early work that
3AEET T AGA 11 dodeinhorddagiB®zord Bould be revised.
"AOAA 11 AAOA &EOII OEA OAAOGEITO
quarries he remarked that theeosteinhornensigone could be lowered ®
the base of thecrispaZone, 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. Regionalconodont zonation
of the Lochkovian of the Prague Synform was further developed by
31 A@0LE) and 3 1 A émlE(2012). His refined three-fold subdivi-
sion partly followed the concept ofvalenzuela2 p I O AT A
and Murphy and Valenzuela2 p T O  japducantaifis eleven conodont
zones using a binomial system. The myipper Lochkovian biozonation

was recently modified byValenzuela2 p T O A O &hd the most ofp v Q

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), Carrnic Alps 7
Austria (Suttner, 2009, Germanyz Frankenwald (Carls et al., 200},
Italy z Carnic Alps and Sardinia \(alliser, 1964; Ferretti et al., 1998;
Corradini, 2007, Corriga and Corradini, 2009 Corradini and Corriga,
2010; 3 A HEl&ib et al., 201), Morocco (Corriga et al., 2014a, 2014)
Nevada (Klapper and Murphy, 1974; Murphy and Matti, 1982), New
Yorh GillefinerOdk 1 dl.,x2009), Ukraine z Podolia (Drygant and
Szaniawski, 2013, Spainz Guadarrama (Carls in Martinsson, 1977).
Data from =ctions 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 Texaswas recently the focus of a dissertation by Peavey
(2013).

Among the conodonts, the family Icriodontide and probably the
oldest Devonian icriodontid species Icriodus hesperius<lapper and
Murphy, 1974 have been used to determine the base of the Devonian
(see discussion inCarls et al., 2007 Corradini and Corriga, 2013. The
origin of the genuslicriodusmost likely in the uppermost Silurian seems
to be dependent on shallow carbonate environments (ctValliser, 1972
Bultynck, 2003), or is reliant on specific sublittoral facies Barnett,
1971). Accordingly, the marker for the base of the Devoniargcriodus
hesperiusis expected to be absent in sections representing deepemater
deposition (e.g.,Philip, 1966; Corradini and Corriga, 2010, or it occurs

EA OAEET AA OEA (Oodeint@indnsigthe)i A bnly @kl iTHese ciititaBidkidlbntid@axalare also missing in the GSSP

section of Klonk (cf. Jeppsson, 1988, 1989; 3 1 A (2pikd), which
clearly represents a deeperwater environment. Apart from the en
ormous biostratigraphic potential of Early Devonian icriodontids, re-
presentatives of the family Spathognathodontidaeare critical for the
biostratigraphic subdivision of both the Pridoli and Lochkovian. With
the exception ofDelotaxis Pedavis and Icriodus hesperiug the marker of
the base of the Devonian z 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 changesin bathymetric

A1 O OEA AT OEOA O0OEAI ioR). 3AO0E
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Walliser (1964) | Kiapper (1977) | Ziegler (1979) | Jeppsson(1988) | ¢ Aeridde ?1“919) Nowlan (1995)
S I
o . cr.
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< Lig. elegans
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.— | ,Oz. steinachensis
g | eosteinhomensis® Oz. steinachensis
'0‘_: eoseinhomensis Oz. remscheidensis Oz. remscheidensis
pig eosteinhomensis interval zone
Corradini and Corriga and Corradini and Slavik et al. (2012) Schénlaub et al. Slavik in Vacek et al.
Serpagli (1999) | Corradini (2009) | Corriga (2012) : (2017) (2018)
c Pedavisbreviramus—
B ler. Lanea omoalpha o
% postwoschmidti 0z. optima— Ier. postwoschmidlti
3 Pedavis breviramus
S -
= , Ier. hespernius— ; Ier. hesperius—
i lcr. hesperius Oz. optima ler. hesperius Oz. optima
UpperOul. UpperQul. elegans . . .
oul e elegans detortus detortus Zieglerodina klonkensis
Soriont b Qul. elegans 0z.” i i
. z.“ eosteinhomensis
_ detortus demm‘cﬂs Lower Oul. LowerOul. elegans | ” 5_15_ '
§ elegans detortus detortus Delotxististora
o Zieglerodina
Oz. Oz. Oz. . . : :
remscheidensis | eosteinhomensis | eosteinhomensis OZS‘ f?ﬁﬁ':g?gﬁgs' & POGTHvp
interval zone s.l. interval zone s.l. interval zone o Zieglerodina zellmeni

Fig. 1. Main conodontzonation schemesof the Pridoli and the early Lochkovian.Abbreviations: Icr.=Icriodus, Oz = OzarkodinaOul.= OulodusLig. = 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; 31 A @p1E;h3 1 A @tpakE, 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
Slurian/Devonian boundary interval in North America, with the prin-
cipal aim of revising the eosteinhornensigemscheidensiplexus. 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 seemsto be useful
for definitively identifying of the base of the Devonian.

Herein, we focus on spathognathodontids at the Silurian/Devonia
boundary and attempt to offer an alternative biostratigraphic marker
that can be constrained by its ceccurrence with the oldest Devonian
icriodid species that ceoccur with M. u. uniformis and, that would also
be present in deeper environments wheredriodontids are rare or alsent.
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
xAOAO . A 0T LUOAAE OAAOQEII
newly studied deeperwater Praha2 AAT Op1T OAAOQET 1T 8

2. Geological setting
2.1. PragueSynform

Unmetamorphosed Lower Palaeozoic rocks are exposed in the
4 A bpBalvandian Unit (TBU), which is situated in the central part of the
Bohemian Massif ¢ EUA A O ). Aie8TBU inclides)Neoproterozoic
to Middle Devonian volcanosedimentary rocks of the Prague Synform,
which were tectonized during the Cadomian and Variscan orogenies
(( AET U AO). Ikits priesent farm,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 successionsMglichar, 2004
+1 p lethaE 2010). During the latest Silurian, the TBU was still a part
of the Perunica microcontinent (in the sense of AOI pé AE AO
Torsvik and Cocks, 200} lying near the northern margin of Gondwana
#EUA AOB8) Akeg Rig. 2 fThis geographic position is further
confirmed by its faunal associations and palaeogeographic affinities

xEOE OEA
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Fig. 2. A z Palaeographic reconstruction at the Silurian/Devonian boudary with the marked position of Perunica. Bz A map of the central part of the Prague

Synform. The location of the sections is marked with colour dots and numbers.ZC. A

0 LUOAAE OAAOEIT xEOE [ AOEAA

numbers. D z Praha2 A AT s24tibn with marked position of the S/D boundary and the bed numbers.

with Armorica (e.g., Tait, 1999; Krs et al., 200). In the earliest Devonian,
Perunica started to move north due to the rifting of the Pdaeothetys
Ocean {[orsvik and Cocks, 2011

4EA OPPAOIT OO 3EI OOEAI
the Silurian/Devonian boundary exposed in the centralpart of the
Prague Synform are characterized by lower subtidal to upper slope
deposits and slopeto-basin-floor distal calciturbidites (Vacek, 2007
Vacek et al.,, 201p Volcanic activity, whch gave rise to submarine
elevations, became more distinct during the Wenlock and Ludlow and
concentrated toward, e.g., the volcanic centre near 3 O A @ah pod
Skalou. It triggered increased carbonate sedimentation on these sub

marine elevations during the late Silurian (see, e.g4 Gp L h). Theo w

almost continuous Silurian/Devonian sedimentation in the Prague
Synform is characterzed by the onset of Lochkovian carbonate de
position, which represents the upper slope to toeof-slope facies ranging
from coarse crinoidal massive limestones to blacigrey rhythmites with
scattered cherts of the Lochkov Formation. The Lochkovian depdisinal
environment is characterized by zonesof basinal, stagnant, partly

anoxic deeperwater facies of the 2 A A1 Oipdstone (defined by
# E1 Omn958)hpassing into oxic + 1 O Liestone (# E1 O RI58, h
1981), indicating a shallow subtidal environment with variable dyhamics
#EI OPUé Al A ). 6Apaft M thec twot main Lochkwian

i AT AAOOhR
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 Givetiangdi-
mentation in Central Bohemia was terminated by siliciclastic (Variscan)
flysch (for a more detailed description see# E 1 Oé 81£1998; # E UA

OOAT OEOET 1 AdstonggAderifed in jth® E A

etal.,2008; £ O é&AlE2012).

i OADOAOAT AR APVYERROUNIRYAAIGCSER of AoET T q AT A

The Silurian/Devonian boundary was intensely studied in many
sections with varying depositional facies throughout the Prague
Synform (see, eg# E1 ODUé A0 AA BIhO BplisyRedinentsoow |
range from predominantly shallowwater carbonate successions
(particularly in the southwestern part of the area) to denonstrably
pelagic carbonates with shale interbeds (prevailing in the northeastern
é)art of the area).

The most important section z the GSSP for the Silurian/Devonian
boundary at Klonk near Suchomasty 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
(# E1 OB U §. The pppexmost Pridoli and the lowermost Lochkovian
are typified by an almost unchanged succession of calcareous shales
alternating with dark grey micritic limestones (+ G p L h). Thisosedi
mentation record is indicative of a pehgic environment with the possible
presence of turbidites deposited at depths of several hundreds oheters
on an only slightly inclined seafloor @Hladil, 1991, 1992 Hladil and
"t A QII Qlﬂ Ei}ltfﬁ)?g&m@(ew short episodes of nosedi-mentation
were recorded, the transition between the Silurian and Deonian in the
upper part of Bed 20 is seemingly continuous, with nanterruption. For
more information on the lithology, stratigraphy and palaeontological
content recorded from this section, please refer to
# E1 O@ase 1977), ( 1 O11m55), # E1 O@ @lé(1972, 1980),
Daviesand MacQueen(1977),# E 1 OdndiKaikal in Martinsson (1977),

pi OEOQEIT
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(2012), andVacek et al. (2018) Conodont data from various intervals

A2000), # & IAGE Uaée pvailable inBarnett (1972), Mehrtens and Barnett (1976)3 1 AOp E

and Vacek (2003) Fatka et al. (2003) Brocke et al. (2006) and3 1 A O p(£#004a, 2004b, 2011), Carls et al. (2005, 2007, 2008), 3 1 A & lE

(2017D).

(2009, 2010, 2012),31 AOp E AT A , H#IALOD OE  jandssm pACARIE

Since being ratified as the GSSP, the Klonk section has been theand Hladil (this volume). The uppermost part of the Pridoli and the

subject of many studies: data on magnetic susceptibility or chemes
tratigraphy have been provided by( 1 AAp ET OU  Addick &tlaB
(2001), Mann et al. (2001) & OL A A
(2004), Vacek (2007) and Vacek et al. (2010) Geochemical analyses
have been performed byHerten (2000) and Kranendonck (2000). The

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

ignained Jintgstones (Fig. 3) interpreted as calciturbidites (+ | DOp ET OU
A O |, Buggisch jamdiang et al., 20108, locally with the presence of tempestites (acek et al.,

2010). Coarsegrained limestones with crinoids are developed above
the base of the Devonian and referred to as th8cyphocrinitesiorizon.

number and variety of studies that have been done on this GSSP section The interval between Beds 96 and 158 is characterized by light grey

make it among the most welldocumented Palaeozoic localities of the

Prague Synform, even though the lithology is monotonous and faunal
#1 1 itdn@lAdie t©ihe abderke of AorrdddondidgOfAckE Trifobitdgetinia
O AfinGr& dndl WatbOrgel@ Auydokavdrd @dnarly Aded s addifichal

contentisi GCAT AOAT 1T U OAOEAO DIl Os8
Praha2 AAT Op1T OAAOEI T Oh OEA +111TE

biodetrital limestones mainly with brachiopods, cephalopods or crioids
or biomicritic limestones. Graptolites are missing in the boundary

deeper environment. This is evidenced by the character of sediments as markers to approximate the position of the Silurian/Devonian boundary

well as the faunal composition where the two of the most bidgati-
graphically significant groups z graptolites and conodonts z are both
present. According to Jeppsson(1988, 1989) and 3 | A 2@1#a), the
conodont fauna of this section shows only spathognathodontids of low
diversity, whereas the icriodontids are completely missing (including

Icriodus hesperiusthe marker for the base of the Devonian). The taxa
Delotaxis elegans detorta
Belodella Panderodus Pseudooneotodus beckmanni

Delotaxis elegans elegan@/Valliser,
(Walliser, 1964),
(Bischoff and Sannemann, 1958 Zieglerodin& klonkensisCarls et al.,
2007, W eosteinhornensis.l. (Walliser, 1964), W eosteinhornensis.s.
(Walliser, 1964), Wurmiella excavatgBranson and Mehl, 193) and
Ozarkodina typica8ranson and Mehl, 1933were identified in the up-

1964),

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

Zieglerodin& klonkensis and Wurmiella excavata continue to the low

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

vonian is Zieglerodina remscheidensisegler, 1960 which is an inportant
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 codonts
was expected.

3. Material and methods

The two chosen sections, which are in relatively close proximity to
each otter (approximately 5 km; seeFig. 9, were studied for conodont
biostratigraphy and microfacies around the Silurian/Devonian
boundary. Conodont sampling was performed in the Silurian/Devonian
AT 01 AAOU
for lithology see Fig. 3 and the Praha2 AAT Op 1
of 5.2 m, for lithology see Fig. 4).

4EA A 01 LUOAGE? OAKOEIEAG AO
pTlpwecPs %3 4EA
AAAT ATT AA NOAOOEAO 01 LUO p ATA
carbonate succession that gans the Gorstian (Ludlow) to the early

OAAOQET T

3EI OOEAT T$AOI T EAT

in this section ¢+ E1 OB U¢é A.Qatek, Catlh et @l. (20@7)identified
the base of the Devonian more precisely based on the occurrence of
Icriodus hesperiusat the base of Bed 159.

The section of Praha2 A AT Bgsl2apdgqh Al O AANTIAGAR O
is exposed on the northern side of an old road, at GPSoctinates of
Twluweoco8wse. N prtlgmet @81 8 %80 HAEA jiplwho
Petr and Prokop (2002) Kolebaba (2002) | UB  A(@003f Manda
(2003) and Vacek et al. (2010) Until the current study, conodont work
had not been conducted at this locality. The uppermostPridoli is
characterized by dark grey thinly bedded limestones with shale
intercalations. According tol UD A O Athe3base oftheDewnian
lies in Bed 9, wich records the FAD of the graptolitd¢lonagraptus u.
uniformiss 3 ET E1 AOT U AO ET  OE AScyphdkrinitesi L U O/
Horizon is developed in the lowermost Devonian: the limgtones are
coarser-grained than in the Pridoli but still alternate with graptolitic
shales (ig. 4. The Scyphocriniteglorizon contains a high proportion of
organic material, and higher in the succession the senients 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 (cfl UD A O ;Avasia,
2003): graptolites, cephalopods, eurypterids, ostracodes, acritarchs,
and bivalves of the Antipleuracommunity group (sensu + G p18989).

Altogether, 22 sampleswere taken from the limestone beds of the

uppermost Silurian and lowermost Devonian interval (nine from Na

0F LUOAAE AT A OBEDDABHT @@di 4 EA OAKRCE O
was approximately 2.5z3.5kg. The samples were processedin the la-

boratories of the Institute of the Geology of the CzechAcademy of
Sciencesy. v. i., using standard processing techniques employing 8%
solution of acetic acid. Dried residues of the samples were then con-

¢TI

ET OA OOAR seciiofE (séripld intendl oD6[5H, U O A Aentrated using separation in heavy liquids (tribromomethane).
j Conbdiomtd whre dbiaifed oot Avdarly all samples (for taxa ranges see

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

v Titdaco@es? brachiopdyls, bivalves, and gastropods) were commonly found

B ti2 Addddidnt saniplés. Ably fample/RADDE Wab fre€ dbanydb@@astE A A

microscope. Selected conodont elements were photographed by a

Emsian. The relative completeness of the carbonate succession permits Tescan Vega3 scanning electron microscope. A collection of the ob-

high-resolution biostratigraphic studies; a fact that resulted in the ra
tification of the GSSPfor the Pridoli Series.
4EA A 01 L UO&MbEen dedchbdd 7GU ABSEAE

i QASPAIq AEOT I

tained conodonts is deposited at the Institute of the Geology of the
Czech Academy of Sciences. A total of 8mples for thin sections were
OEA Oxi 171 AAI EOEAOG jpm 7/

"1 Oé(RoB7), # E1 O@IBS, 1957, 1993), + G [etkal. (1986), + Gp 1. 2 A AT @ pr@cessedin the Laboratories of the Geologicallnstitutes
(1989, 1992), | UD A O A Fedrettijet at. (200B), and - | O U O A éf the Charles University.

(2008). Other studies, e.g., isotope geochemistrBifggisch and Mann,
2004; Lehnert et al., 2009, gammaray spectrometry and magnetic
susceptibility (6 AA A E
Vacek et al., 201 contributed to the environmental interpretation.
Carbon isotopes Buggisch and Mann, 200§ 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.

AT A ; +UDP6p KIinGin A0 Al 8h

4. Conodont faunas and biostratigraphy

¢nmpmAh ¢mpmA
The principles for conodont biostratigraphy proposed by Vacek
et al. (2018) for the uppermost Pridoli have been adhered to in this
paper. The zonation of3 1 A O pl.5§20¥2)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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numbers and simplified lithology with marked positions of conodont samples and samples for thin sectisnare on the left. The stratigraphic occurrence dtriodus

hesperiuss adopted from the previous studyby3 | AOpE AO Al 8h

Silurian most probably belongs to the latest SilurianklonkensisZone
(Vacek et al., 2018 This interval also corresponds to the UppebDelataxis
(= Oulodus) elegans detorizone (in the sense ofCorradini and Corriga,
2012). However, this zone cannot be defined in the Pragu8ynform due
to the very early occurrence ofD. detortain the Pridoli. Moreover, the
last occurrence of the index taxonDapsilodus obquicostatus marking the
base of the UpperdetortaZone as defined byCorradini and Corriga
(2012), has yet to be confirmed in the sections athe Prague Synform.

¢mpg

Conodonts obtained from the lowermost Lochkovian can be agned
to the hesperiusoptimaZone and theoptimabreviramusZone. Thestudied
interval at Praha2 AAT Op 1  G@vidmdsond&phaZone and, at
least part of the overlying omoalphacarlsi Zone. Determination of the
bases of the latter two zones is, howevemproblematic. The taxonLanea
omoalphaenters in the same bed asPedavis 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 Prah@ AAT Op1T OAAOQEI T8 #EOI 11T 000

numbers andsimplified lithology with marked positions of conodont samplesand samplesfor thin sections are onthe left. TheFAD ofthe biostratigraphic marker for
the Silurian/Devonian boundary Monograptus u. uniformis adopted from the previous study by | U &t al., 2003.

0T LUOAAE OAAOQEIT EAO AAAT bi AAAA vioSchnlE & inAhd éake Hedd@ing cduplet (iroesionedb@d wWiitEdhales)E O €
first occurrence of Icriodus hesperiugCarls et al., 200731 AOp E  ATBe latéri tadn left in open nomenclature is very close to specimen of

2012). In the Raha-2 AAT OpT OAAOGEI T h OEA AA Odoscimitbyedler @%@ imdf. BA 22 aAlAdut thd Ather specimens

clearly identified in Bed 9 ( U A O )Anhighhis theriowest bed figured in that paper including the holotype show a high variability.

where the first Monograptus u. uniformisvas recovered (seeFig. 4. The cooccurrence of both taxa can be considered to be a unique feature
Conodont data from this section show that the first occurrences of the in the global context because such eoccurrence has not yet been re
GSSHRiefining index taxon Monograptusu. uniformisand Icriodus cf. w. ported from elsewhere.



A.Hu g kandl§S | a

Palaeogeography, Palaeoclimatology, Palaeoecology 549 (2020) 109126

&
i Eec - .
g 2 ss Section Praha - Radotin
g 8 R
n = € c
> @ o o -
27 QN @ =
o >.8
S 8 o3
T cE 352 -] Conodont species diversity
<5 w £E EE
a2 @ E-2 -] 2 4 6 8 10 12 14
© m J2 wc
58 _ N
g ¢ e gy
(=]
RADS H o
Z| Section Na Pozarech
+
RAD7 E
© -
< 0n E B
E -E RADG 3 o=k L3
= ] : =] E‘ g"g Conodont species diversity
— L o s =t
S E m S8 G2 2 4 6 8 10 12
> 85 . N A
8 . ~ /\ a
o 4 Bt
o RADS . N Pght
. 2| < 7| |roz
RAD4 . N~ N0
i * : /"\O /,.
* -~
© 2 * d o “a N
. m E ’.. P Z.ST@T pPOZ8
_E_ E - v. _'_@?_
> ‘5_; * o 161 5 -
Q o E.’ *4 RAD3 : -—a @
"? Aemm r —|—$-|— POZ7
5 T e T
W - RADZ, @ TD poz8s
RAD2
+
—l POZ6
D RAD1,5
2w
=
DS
Qg
“n o POZ5
2
RAD1
RADO1 POZ4
SEEEEEEEN NS [ BN EEEEEEEEEN mEE
PoZ3
P
< RADO2
]
(")
o ®
c
© g l
X
D g POZ2
=
| .
—1
o
- 1m 1m
RADO3 POZ1 [ ]
w

Fig. 5. Correlation of conodont biozonation and taxonomidiversity 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 @sented inFig. 3 (Na
0T LUOAAE OKAKOEPrahg2 AMITAODP 1
differences. Conodont faunas obtained from the uppermost Pridoli in
OEA . A 01 L UOAAEiedehdnddE reinschEideAsigi€yeA
1960 and Ozarkodina typica Also, fragmented elements oZieglerodina
sp., Ozarkodinasp., and Wurmiellasp. are common. Ozarkodinacf. op-
tima (Moskalenko, 1966 and a few fragmentary specimens of thtanea
Obg8 1 AADO ET OEA OBPPAOIT 00
section).

Although no additional elements of the previously reportedl. he-
sperius(Carls et al., 20073 1 AOp E  A)@veré\dbtaified from the Na
0T LUOAAE OAAOGEITH
at the Prana2 AAT Op1 OAAOQEI 1
glerodinasp., Zieglerodinacf. remscheidensjgDzarkodinasp., Ozarkodina

OEEO EI DI OOAT O

cf. optima Laneasp. andlcriodussp. were recovered from the Lochkaian

OAAOGET 1 qintedvilifrem bbthAsadiidnd W eosteinhornensisl. andLanea plailingua

Murphy and Valenzuela2 b I Oh ocpum inythe upper parts of the
studied interval (Bed 161 of the Na 0 T L U écoR).

Comparatively much more diversified conodont fauna was obtained
from the Praha2 A At €eption. W. eosteinhornensisl., Zieglerodinacf.
zellmeriCarls et al., 2007 and Zieglerodinacf. remscheidensisccur in the

0 OEAT | wppejmbst BilurianBwith Aofnman virggméniE oiZiedlerodinasp.0and: U O A A

Wurmiellasp. As mentioned above, the base of the Devonian was €on
firmed in Bed 9 by the joint first occurrence oflcrioduscf. w. woschmidti

Ziegler, 1960 and the graptolite Monograptus u. uniformigf UB A O Al
POR®).ETAX@ obtalnéd fu@h @hie Aippekniokt PAidoliddeminud nt® ithd A O U
FigO4\ imieiteékazia-! $ pdvonidnAAbove the base of the Devonian in the section, the conodont

fauna shows anincreasein diversity, being accompaniedby Ozarkodina
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Fig.6.3%- EI ACAO 1 £ OAI AAGAA AiITT AT 10 o0p Al AI AT OO £OI i OEA ODPDPAOIARRAR | OQE AICAR OAI /
specimensare atthe same scalg(scalebar 200t | @&Zieglerodnacf. zellmerj sample RAD1, catNo. RAD-1-007, A1z lateral view, A2 z upper view. B: Zieglerodina

cf. remscheidensjssample POZ7, cat. No. PG2001, B1 z lateral view, B2 z upper view. C:Wurmiellasp., sample POZ1, cat. No. PQD01, lateral view. D: W.
eosteinhornensjsample RAD1,5, cat. No. RAD5z001, D17 lateral view, D2z upper view. E:Zieglerodina petreap. nov., sample RAD1, cat. No. RAMO1, Elzlateral

view, E2 z upper view. F: Zieglerodina petreap. nov., sample RADL, cat. No. RAD-1-002, F1 z lateral view, F2 z lower view. G: Icrioduscf. w. woschmidfi sample

POZ4, cat. No. PGZ100, upper view. H:Zieglerodinasp., sample POZ9, cat. No. PO001, H17 lateral view, H2 z upper view. I: Icrioduscf. w. woschmidti sample

RADO1, cat. No. RAID1-100, upper view.
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, T AEET OEAT £EOI1 i-2 HERORITIA OAADBIA

Fig. 7. SEM images of selected conodont P1 elements from the uppermost Pridoliahd x AOI T 0O
specimens are to the same scale (scale bar 5001  80zdrkgidina typicasample POZ1, cat. No. PQZ002, A1z lateral view, A2 z upper view. B: Ozarkodinacf.
optima sample RAD2, cat. No. RAD-2-001, B1 z lateral view, B2 z upper view. C: Pedavis breviramyssample RAD3, cat. No. RAD-3-100, upper view. D: Lanea
omoalpha sample RAD4, cat. No. RAD001, D1z lateral view, D2z upper view. E:Lanea planilingua sample RAD2,5, cat. No. RAD5z001, E1z7 lateral view, E27
upper view. F:Laneasp., sample RAD2,5, cat. No. RALbz002, F1Z lateral view, F2z lower view. G:Laneasp., sample RAD3, cat. No. RA001, upper view. H:
Wurmiella excavatasample RAD8, cat.No. RAD-8-001, lateral view.
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sp., Ozarkodina typicaOzarkodinacf. optima Laneasp., Lanea planingua,
Icriodussp., and Icrioduscf. w. woschmidti Wurmiella excavataBranson
and Mehl, 1933, Lanea omoalphalurphy and Valenzuela2 p | Oh,
Pedavis breviramuslurphy and Matti, 1982 and Pedavissp. have their
first occurrence in Bed 11. In the upper parts of the seession at Praha
2AAT OpT j"AAO pg¢ AT A p olgdly inkdsponséditd 1
a deepening trend (this environmental intepretation is also confirmed
by thin sections G and K in Fig. 9).

The herein described new taxon,Zieglerodina petreap. nov., was
recovered just above the base of the Devonian from both sections
(sample RAD1 from the Praha2 A AT @GnidiPOZ5 from the Na
0l LUOAAEQ8 7EOE
short-ranging, almost episodic marker is easily recognizable among
other spathognathodontid taxa that range across the Silurian/Devonian
A7l 61 AAOU AT A E A OAoptindl GG Allypidhi OF EMR B

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

inhabited a diverse array of environments when ompared to the curent
icriodontid boundary marker, and this hypothesis is further suported
by the presence of Z. petreasp. nov. in both sections.

The occurrence of highly diverse faunas in the deeperwater en
vironment of the Praha2 AAT Op1 OAAOQEIT 1
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 Wurmiellasp. (Fig. &), or subtle elements oZieglerodina
sp. with tiny basal lobes and very sharp neediéke denticles (Fig. &H)
are common. Also, numerous short elements dfaneasp. with massive
asymmetrical basal lobes (seé-ig. G, F) are typical spathognathdontids
found in the Praha2 AAT Opi1 OAAQEIT 8
taxa is crucial for the identification of the Devonian base. The section
at Praha2 A AT O pitles ®I@&ilely robust biostratigraphic control of
the boundary: as bothM. u. uniformisas well aslcrioduscf. w. woschmidti
occur within the first bed above the Silurian/Devonian boundary (Bed
9). Although the environment in this section was deepercompared to
OEAO 1T &£ OEA . A 01 LUOAAE OABedEdl
becomemore diverse (particularly in sample RAD3in 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

GenusZieglerodina Murphy, Valenzuela2 p 1 O AT A # AO1 Ob.

SpeciesZieglerodina petrea sp.nov.

Fig. 6, E1,E2,F1, F2

Holotype: P1 element, cat. No. RAD-001, Fig. 6z E1, E2
Paratype:P1 element, cat. No. RAD-002, Fig. 6z F1, F2

Additional material: 4 P1elementsin sampleRAD1(cat.No.RAD 1-
003, RAD1-004, RAD-1-005, RAD-1-006); 2 P1 elementsin sample
POZ5 (cat. No. PGZ-001, POZ5-002). The other elements of the
apparatus cannot be identified at this stage as most of the ramiform
elements of the coeval spathognathodontids are verysimilar.
Depositories: All specimens are kept in the collections of Aneta
( OAETaDtbe Institute of Geology of the Czech Academy of
Sciences, v. V. i.

Locus typicus Praha2 AAT Op 1
Prague Synform, Czech Republic.
Stratum typicum: base of Bed 10 (0220 cm above the base), lower

OAAOGETTh twdu

Palaeogeography, Palaeoclimatology, Palaeoecology 549 (2020) 109126

Lochkovian, sample RAD1, Lochkovian Formation, very short range
near the base of thehesperiusoptimaBiozone.
p w oDérivatio nominis: petrea (Latin) rock, crag or petros GreeR rock,
stone.
Diagnosis Platform (P1) element straight, not very robust with
BpEnO dsyrinEtzal baBaDdadnpih 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 beas about 13 pali
sadelike denticles of variable height. The denticles are thinner in
the anterior part, wider and more robust in the posterior part. The

o]

are the two distinct posteriormost denticles. There is a gap in den
ticulation between the main cusp and the posteriormost denticles.
@ ABasal cavity of an asymmetrical heart shapeis in the posterior part

platform, which does not bear any ornamentation or denticulation.
Remarks Zieglerodina petreap. nov. resemblesZieglerodna pauct
dentata(Murphy and Matti, 1982) described from the Silurian/De-

EO OO0 0D O kdpiani bGuddary interihl i Ieva@d Buipd/EaBBMatti, 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 ofZ. paucidentatare 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.Comparedto that, the denticles in the P1 elements of

4ctolontiel O A O AZA. detheasp. Aov.Lafenbt B0 restricted; 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 &f pau
cidentatahave usually around 15 denticles, and the whole element is
larger. Z. petreasp. nov. has mostly onlyl3 denticles and the P1
element is shorter. Only the proportions of the basal cavity and its

h  positon IgBRA $inkilar.UAn §vdludidhanAlind bdtideA the two taxa is
highly probable with respect to the distinct mode of denticulation.
To decidewhether Z. paucidentatas descendantof Z. petreasp. nov.,
or if it is vice versa, requires further study. Besides Nevadd@jegle
rodina paucidentatdnas been reported from the early Pragian of
Podolia (e.g.Drygant and Szaniawski, @12). Such a long range is
problematic, and this occurrence can be equally explained by +e
current morphology. Moreover, the only specimenfigured (Drygant
and Szaniawski, Fig. 11-R) does not correspond to the Nevadan
specimensof Z. paucidentataand thus might be a different species.
Stratigraphic _range in_studied material: lowermost Lochkovian,
basal Devonian (samples RAD1 and POZ5).

Microfacies analysis

The recrystallization processes in sediments near the Silurian/
Devonian bounday began as early as during shallow burial stages
BOAEL AO; Al 8IhOT d.)b«changes @f tiny sedimentary
particles, microcrystalline clots and cements (S/D carbonate rock ntidx)
were followed by massive changes of bioclasts and cements in thete
and deep burial stages. The high porosity ofScyphocriniteskeletal
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 Devoniarbeds of the Praha
2AAT OpT OAAOQEIT jOAIDPIAO 2! s$mcgh

wrapclaragely excdding the sjltnsiea greéd maindp fof two types: spherical
phycomata of planktonic prasinophytes and chitinozoans. Rock matrix
and rims of bioclasts contain edy-formed pyrite and pyrrhotite, which

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

EOO AEOOET A0 bl A0 Auwpiocatdd abdvéhtheChasal Gapitd] is dasiOdisinguishalid) bnd HE E O
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Fig. 8. Transmitted-l ECEO [ EAOT COAPEO | £ PAOOI COAPEEA OEET OAAOQEIT 1 Oz @AmpI©OPOZY Apéeksiofe withhaE T | E
gastropod. Bz (sample POZ3): packstone to grainstone with a part of undetermined disarticulated valves on the left and a small neptunian dyke i ttentre of the

sample. Cz (sample POZ6): packstone with algal or cyanobacterial crusts on stylolites.Zsample POZ6,5): grainsne with a crinoidal ossicle covered with algal or
cyanobacterial crust. Ez (sample POZ8): packstone in the lower part of the sample with a transition to grainstone with parts of crinoids, brachiopodsd trilobites in

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

are indicative of the presence of dysoxic pore waters below the seafloor. gastropods, trilobites, brachiopods, ostracodes, omodonts and other
Chondritesbased evidence of dyoxia at the base of theScyphocrinites  phosphatic elements, and other bioclasts and biomorphs. The size of
Horizon has been documented from other parts of the Prague Synform, accumulated biodetrital particles even exceeds Znm (rudstone). The
Ascsh £Oi i OEA 37$ OAAOEIT T T AEOE Aovérgng Bovérmiost 2Dievbriian helldh éhow thed saifed drain siz¢ and
2001). With the exception of several beds with crinoid debris, the abundance of fauna. Although fingrained background deposition in
lowermost Devonian beds rapidly returned to calcisiltitedominant dysoxiczanoxic conditions predominated even in coarse scyphocrinitic

compositions. OEA1 AGA1 EAOE ET OEA . A 01 LUOAAE O/
The depositional environment of the uppermost Silurian in the Na related to shallower environments with abundant bioclasts.

0T LUOAAE OAAOEIT EO NOEOA AEAEZEAOAIT Otje Icedibnbof HeScyphbcmipesHorigoh clgsé to Ak BaseOof thes A O

packstonesto grainstones with abundant skeletal remains of crinoids, Devonian(see Figs.8E,9H, I) hasbeenrecorded in many other sections,

a:z
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Fig. 9. Transmitted-light micrographs of petrographic thin sections illustrating main microfacies of the Prah@ AAT Op 1 Q@ fdn®IE RADB2): 'chairforming
chitinozoans in calcisiltite. Hz (sample RAD1,5) and g (sample RAD2): biodetrital grainstone rich n debris of crinoids, brachiopods and ostracodeg a typical
association of theScyphocrinitesdorizon. J z (sample RAD2,5): a shell of a microconchid in grainstone. K(sample RAD4): a lumachelle of crushed ostracode shells
and salebrids in calcisiltite.L 7 (sample RAD7): undetermined phosphatic element.

e.g., the Carnic Alps, Cornwall, Morocco, Sardinia (see for example RAD5,RAD6,RAD7,and RADS).

Haude, 1992 Ferretti and Serpagli, 1996 3AEET | AOA A0 AFraygmentsoffaunamostly belongto gastropods(Fig.8A), bivalves
3AEET |1 AORelka, p8aguByggisch and Mann, 2004Donovan and  (Fig. &), different phosphatic remains (probably fish or conodonts,
Lewis, 2009; Klug et al., 2013; Corriga et al., 2014b). Its presence in Fig. 8C), crinoids (Fig. 8D), chitinozoans (Fig. 9G), or ostracodes
both sections studied herein would suggest similar sedimentary condi  (Fig. &K, H). Most of the samples also contain various phosphatic par
tions but, as mentioned above, microfacies characteristics revealed ticles (Fig. 4) or algal crusts Eig. 8C). Bioturbation is common in
striking differences. Sedimentary conditions in the upper parts of the packstones to grainstones, borings in shells were also observed
Oxi OAAOGEIT O AOA Al Oi AEEEAOAT OR (FiOF).OriyksalebAds @dnsubEOAA Bnd GokdkOrEib, 120086
shallow (presence of packstones to grainstones, abundance of diverse occasionally present in samples from both sections (seéig. K). Do
fauna) than the Praha2 AAT Op1 OAAQEI T j AAIl AE Oénit@dichAadd stylollization, dséried Anl nibst AOthe samples,
sociated fauna, presenceof pyrite, i.e.,typical for samplesRAD3,RAD4, probably affected the variable preservation of conodonts.

j g
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6. Discussion

Although deposited at considerably greater depths than the Na
0l LUOAAE OAAOGERARHKOpPGE A O A Al
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 unigue
not only locally, for the Prague Synform, but probably also in globally.
Compared to the Prah&2 AAT Op1 OAAOGEITh
AAOT AATO ET OEA . A 01 LUOAAE
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 envionments
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 deeperwater en-

vironments in carbonate turbidity currents together with other faunas.

The stratigraphic successionof the oldest representatives of the

genuslcriodusis still not fully understood yet. Following the discussion
in Carlset al. (2007), there are still doubts about the precise position of
I. woschmidtiand |. postwoschmidtiThe abundance of diverse icridontid
elements points to a possibility that other taxa not yet formallynamed
can be even older than the tea already described. This applieslso to
the present conodont marker of the S/D boundary, |. hesperiusAs has
been discussed above, from a global perspective, the-aocur-rence of
M. u. uniformisand |. cf. w. woschmidt{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 graptiks are better
markers in shales; moreover, their ceoccurrence is relatively rare. It
should be noted that in Nevadal. hesperiuswas recorded almost 2 m
(6 ft) below the FAD of M. u. uniformisin the Birch Creek Il section
(Klapper and Murphy, 1979 and thus the latest Silurian origin of this
icriodid cannot be excluded. In Podolia (Drygant and Szaniawski,
2012), Icriodus hesperiusenters below Icriodus cf. w. woschmidtiin 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 Praha2 AAT Op1 OAAOQEI 1
of the succession, wherelcrioduscf. w. woschmidtenters earlier than
Icriodus hesperiugsee Fig. 4. Of importantance is the entry of. hesperius
inthe Praha2 AAT Op1 OAAOQEIT 1
Sampling density and sampling size, combined with ceideration of
sediment condensation, are crucial for deciphering thecorrect order of
occurrence of conodont taxa, as these factors areesponsible for
producing different orders in the appearance of the oldesicriodids in
different sections, globally. The expected condensation afedimentation
ET OEA OEAITITTxAO A1 OEOI 11 Aright haveE
resulted in clustering of Icriodustaxa where both|. cf. w. woschmidtand
I. hesperiugnter in the same bed (see Fig. 3).

Besides the high diversity of icriodontids in the Praha2 AAT Op

section, conodonts of the family Spathognathodontidae are thenost
diverse and abundant in both sectionsZieglerodina petreap. nov. eters
a few centimetres above the first occurrence oM. u. uniformis but co-
occurs with |. hesperiusIn spite of this, it seems to have a greaiotential
for the approximation of the Silurian/Devonian boundary even in
those environments where icriodontids are missing. With repect to the
global distribution of the family Spathognathodontidae at this
stratigraphic level, the newly described taxon ofZieglerodina petreasp.
nov. should be expected to occur in other areas, too, especially in
palaeogeographically related regions (periGondwana). This assumiion
was confirmed by the positive identification ofZ. petreasp. nov. byone
of the authors (AH) in the conodont collection ofthe late prof. Otto
Walliser (GeorgAugust5 T E O A O @ B O & fogh Ate afilalt Atrous
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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 characterstic gap on the blade and thus only

O A b @rAvindd w2® malle, béii Eampied tome from a position immediately

above the base of the Devonian. The pe@ondwanan occurrence of
Zieglerodina petreap. 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

E A O E btlfef regidis/n€eds *0Ab® Bondictedd TheAphylogetic relationship of
O A A O HiedlehodinA fekdasp. Odv.i vitiC &Z. padiéidkntad WhllE LinkdrtanA BET 1

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) seemsto be almost identical. Z. paucidentata
possessedncipient denticulation in the gap, while the gap of Z. petrea
sp. nov. is free of any denticle<. petreasp. nov. thus might be closely
related to Z. paucidentatdecause the gap on thdlade in the latter
taxonis more distinct and O A A O A 1Aécdrding ® Murphy and Matti
(1982), Z. paucidentataccurs earlier and ranges withl. hesperiusand
below the first occurrence ofM. u. uniformisin Nevada. Therefore the
entries of thesetaxamight be very close,evencoeval,or may represent
regional intraspecific equivalents.The morphological analogybetween
the two taxa points to the prospective occurrence of. petreasp. nov.
globally, where the related taxon is present.

Diversity above the base of the Devonian is slightly higher cqrared
to that in the uppermost Silurian, and so is the abundance afonodont
elements. The same characteristic trend is obvious irhe studied
sections: the number of taxa decreases (cf. samples POZ5, PGna
RAD1,RAD1,5,RAD2) and increases higher up in the sections until it
reaches the peak diversity (samples POZ7 and RAD3). Above, it staids
gently decrease again. This striking symmetry can be possibly gained
by the fluctuation in water depth in the depositional envirorment;
however, the changesin 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 icentical taxa (seeFig. 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 Zieglerodinapetreasp. nov. no

OE| xothériebreserinfvesEtihclade @dmbritate the potential to serve as

reliable biostratigraphic indicators of the Silurian/Devonian boundary,
as taxa of this family mostly range across the boundary or the

i 21 $ p (bundarg. A 8 marpbolodids ardnbiis@distinGEA 37T $

Delimitation of the breviramusomoalphaand omoalphacarlsi biozones
is quite problematic in the Praha2 AAT Op 1
Pedavis breviramuand Lanea omoalph&ave their first occurrences in the
same bed (RAD3). This fact prevents the precisilentification of the
bases of these biozones (sekig. 5. When corsidering the Lochkovian

GanAtion.foA the Piladud) Sydokntg | GXM GBiA)(the Ankai reason for

the closely spaced FADs in the PraHRaAT Op1 OAAOQEIT 1
result of condensed sedimentation at thisstratigraphic level.

T The presence of theScyphocriniteHorizon in both sections is a
characteristic sedimentological feature of the Silurian/Devonian
boundary. Species of the genus$cyphocrinite@re widely accepted as
representing pelagic faunas (e.g$eilacher and Hauff, 2004Ebert and
Matteson, 2005 Corradini et al., 2009 Ferretti et al., 2009 Ebert et al.,
2010; Rozhnov, 2019. The Scyphocrinite$dorizon therefore does not
reveal much about specific sedimentary conditions. According to
Manda (2003) and | U 8t al. (2003), sediments with crinoids close to
the Silurian/Devonian boundary in the Praha2 AAT Op 1
probably allochthonous as they were deposited by oscillatory wave
motion in the northzsouth direction (according to the orientation of
cephalopod shells). Als, some beds in the upper part of the section
(samples RAD5 and RAD®6) 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) 4EA

2

3

4

~

)

=

ideal conditions for a case study on conodont faunas in &fent
depositional environments. The test of bathymetric sensitivity of
particular conodont clades is,however, biasedby the dominance of
calciturbidite deposition in the Praha2 AAT Opl
conodont elements including shallowerwater icriodontids were
probably transported together with other faunas to deeper parts of
the slope.

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 cen
trasting depositional environments; it can also be explained by
fluctuations in water depth.

The occurrence of graptoliteM. u. uniformisgz the Silurian/Devonian
GSSP index taxor is limited to pelagic siltstones and shales. The
facies restriction associated with M. u. uniformisrequires that a
comparable biostratigraphic marker should be documented in car
bonate successionsData from the Praha2 A AT Op 1
I. cf. w. woschmidtco-occurs with the graptolite index taxon in the
same bedding couplet just below the entry ofl. hesperiug= the
current conodont biostratigraphic marker of the S/D boundary).|.
hesperiusvas recovered from both studied sections. Because of the
relatively close entries of the graptolite M. u. uniformisand the
conodont |. hesperiusboth in the Prague Synform and Neada, I.
hesperiugs confirmed as the most reliable conodont biostratigraphic
marker for the Silurian/Devonian boundary at the global scale for
the present.

The newly described taxonZieglerodina petreap. nov. has the po
tential to become a promising condont 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 z Early
Devonian times. However, the very limited stratigraphic range of.
petreasp. nov. could potentially indicate an extreme pala®colagical
control. The taxon can be easily identified by its distinctplatform
element (P1) morphology. Its occurrence at the samsatratigraphic
position in the Prague Synform, Carnic Alps, antflorocco, attest to its
potential as a biostratigraphic marler 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 witlZ. paucidentata
then its stratigraphic importance could have been extended to North
America. All the above conclusions, however, require a followp
study.
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ARTICLEINFO ABSTRACT
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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 ofAncyrognathugas well as one new
species), Icriodus Mehlina, Polygrathus and Palmatolepis Biodiversity analysis of Ancyrognathus Pelekysgnathys
Mehlina and Icriodus shows that the Mongolian conodont assemblage consists of two endemic and few cosme
politan taxa. Representatives of the otherwise globally distributed genus Pelekysgnathuare absent. An important

factor influencing the regional distribution of conodont ta xa seems to be the siliciclasticdominated 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, 201§ 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 gue 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 palaeobiogeographicrelations of

ammonoids (Zong et al., 2019 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-
niani Famennian 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 referencestherein) 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
Pelekygnathus Mehlina and Icriodus that occurred during the early
Famennian from the Palmatolepis subperlobatantil the Palmatolepis
gracilis gracilishiozones.

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 PalaeaAsian 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;
Ruzhentsevetal., 1992; Ruzhentsev,2001) are located at the southwest
end of the Gobi fold megazonedescribed by Tomurtogoo (2014; Fig. 2).
These deposits consist of the Baaran, Ulaanus, Baitag and Olonbulag
subterranes from north to south (Fig. 3; Badarch etal., 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., 1993;
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.Recentdevelopmentsregarding the tectonic evolution of
western Mongolian terranes suggeststhat 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 areashowthat further study
is neededfor 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-oceanictrough and afore arc zone
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palaeogeography
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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 Baitagisland 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. Ulaanussubterrane

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; Ruzhentsevetal., 1992): the Nariinhar Formation
(Lower Devonian), Baruunhuurai Fm. (Middle i Upper Devonian), Hur -
endush Fm. (Middle i Upper Devonian), Samnuuruul Fm. (Upper Devo-
nian), Inder Fm. (lower Carboniferous, Tournaisian), Nuhniinuruu Fm.
(lower Carboniferous, Viseani Serpukhovian), Borhavtsal Fm. (Mid -
dlei Upper Devonian to lower Carboniferous), Tsahirynnuruu Fm. (De-
voniani lower Carboniferous), Tavan-Ovoo Fm. (Viseari upper Carbo-
niferous) and the Uushgiin-Ulaan Fm. (upper Carboniferous).
Ariunchimeg et al. (2014) provided a detailed description of each for-
mation including lithological ¢ haracters and fossil contents.

2.3. Baitag subterrane

The Baitag subterrane shows a sequenceof different tholeiitic rocks
of Devonian age. Based on the geochemical composition and the
structure of deposits, theserocks relate to the fore arc zone of the Baitag
island arc. A changein 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 pe
larity. Hence, two formations, the Baitag Formation (Loweri Middle
Devonian) and the Havtag Formation (Middle i Upper 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. Olonbulagsubterrane

The Olonbulag subterrane contains acid epiclastics, rhyolitic tuff,

Euramerica

(western shelf)

.‘"!

Remnant Seaway |
of Rheic Ocean _“._

Fig. 1. Palaeogeographiclocation 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 carbonaceousmolassesediments, 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 lover Carboniferous bra-
chiopod limestones.

BARUUNHU

URAI TERRANE

Period

Olonbulag subterrane

Ulaanus subterrane Baitag subterrane

3 Epoch

HIATUS HIATUS

HIATUS HIATUS

A

lower
tectonic
sheet

upper
tectonic
sheet

- tholeiitic basalt, basaltic andesite, andesite - aphyric basalt - dacite and rhyolite - tuffite and siliceous tuff
Bl shoshonite, trachyandesite, latite, trachydacite, trachyrhyolite [JIl| tuff and epiclastics [__| limestone [l flysch

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-1 T 1 iGdjcated.

2.5. SamnuuruulFormation

The conodont assemblageseported 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 ivanovag Sphenspirasp.), bryozoans (e.g., Cyclotrypa
laminatg, and rugose corals (e.g., Amplexus echinatyscompare
Bol'shakova et al., 2003). A small conodont assemblage that included
Polygnathus communisaind Bispathodus stabiliswas mentioned by
Ariunchimeg (2014, and references therein), which supports a Fa
mennian age assignment. Recent fieldwork at the Samnuuruul section
(GPS: N 45A1772Z06z; E 90A57731z;
Kido etal., 2013) and at the Hushoot Shiveetiin gol section (GPSdata of
sample HScono-1: N 45A1627216z%; E
diverse conodont assemblage ranging from the Palmatolepis minuta
minutaBiozone to the Palmatolepis rhomboideBiozone confirming the
Famennian age of the Samnuuruul Formation.

3. Material and methods

Seventy rock samples that weighed between 0.5 and 4.%g were
collected for biostratigraphic analysis from the Samnuuruul section
(SAM/01, SAM/02 /237 66, SAM/03; Fig. 2: locality 1) and sixteen rock
samplesfrom the Hushoot Shiveetiin gol section (HS-cono-1i 16; 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 (eppsson and Anehus, 199%. Rock material of
eachsample was cleanedand crushed to about 2 cm®and then placedin
wide-mesh sieveshung in buckets filled with warm tap water (about

d

40 A C 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 sampleswere dissolved. Insoluble residueswere
sievedinto 637 m125i m2507 mand 50071 nfractions and later dried

in a laboratory-drying oven at 50 A C . F o r sepamtion bfean-
odonts from insoluble residues sodium polytungstate (density: 2.79 g/

cm?®, method after Mitchell and Heckert, 2010 ) was used. Conodonts
were found only in ten samples of the Hushoot Shiveetiin gol section.
All other sampleswere barren. All conodont specimensare 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 1i 2:

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. Biostratigraphyand 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, 201§ 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 -
ficulta Genaradized cortelations dejweenathe Sanvguruy (SAM)iarde
Hushoot Shiveetiin gol (HS) sections (Fig. 2) are possible based on

9 1 A0 3 Z 1 1nfagrofosshsi whichs areuabiupdant in dathuldcaliges, but mucha 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 se
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 sectim yields large pha-
copids, but does not yield larger specimens of rugose corals commonly
5 to 7 cm long reaching a diameter of about 3cm. Only one crosssec
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 precisebiostratigraphic framework for our studies; unfortunately
only the HS section was productive.

Based on the conodont assemblagesobtained from the Hushoot
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