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1 Bahrami et al., 2019 
2  Leven and Gorgij, 2006 
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3 Sharkovski et al., 1984 
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4 Sandberg et al., 1978 
5 Ziegler and Sandberg, 1990 
6 Hartenfels, 2011 
7 Corradini et al., 2016 
8 Spalletta et al., 2017 
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Palmatolepis winchelliubiquitousAncyrognathus 

Palmatolepis bogartensisGirard et al. 2005

Polygnathus cf. politus Ovanatanova 1969Polygnathus cf. alatus 

Huddle 1934Polygnathus webbi Stauffer, 1938A6
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linguiformisPalmatolepis winchelli to Ancyrognathus ubiquitus zones

Polygnathus aequalisPolygnathus cf. xylus

Palmatolepis triangularis Zone (A7-A9)

Palmatolepis subperlobata Zone

Lower triangularis ZonePalmatolepis subperlobata

Palmatolepis subperlobata 

Palmatolepis triangularis Sannemann 1955aA7

Polygnathus brevilaminus, Polygnathus aspelundi 
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9  Ovnatanova and Kononova 2001; 2008 
10 Bultynck, 2003 
11 Carmichael et al., 2019 
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Palmatolepis delicatula platys ZoneMiddle triangularis Zone Ziegler and 

Sandberg 1990Pelekysgnathus inclinatus Thomas, 1949Middle 

triangularis to Upper praesulcataAncyrognathus sinelaminus (Branson and Mehl, 1934a)Middle 

crepidainto the Uppermost triangularis 

Ulrich and Bassler 1926Palmatolepis perlobata perlobata A12

 

Icriodus alternatus alternatus, Icriodus alternatus helmi

Palmatolepis crepida Zone (A14-A15 ) 

Ziegler and Sandberg 1990Lower crepida

Palmatolepis minuta loba Helms, 1963 

base of the crepida Zone to rhomboidea Zone (Spalletta et al. 2017)Icriodus 

alternatus helmsi Sandberg and Dreesen 1984.

Icriodus alternathus alternathus, Polygnathus cf. communis communis

 
Palmatolepis termini Zone (A16)

Ziegler and Sandberg 1990Middle crepida

Branson and Mehl, 1934a semicostatus PolygnathusA16

Polygnathus semicostatusPalmatolepis termini Zoneultimus Zone 

Icriodus alternathus alternathus, 

Palmatolepis minuta loba, Polygnathus cf. communis communis

Palmatolepis glabra pectinata to Palmatolepis rhomboidea zones(A17-A18)

Palmatolepis glabra pectinata Ziegler 1962b M1 Sandberg 

and Ziegler 1973Palmatolepis quadrantinodosalobata Sannemann 1955a M1 Sandberg and Ziegler 

1973A17Icriodus alternathus alternathus

A18

 

 
12  Sandberg and Dreesen, 1984 
13 Huang and Gong, 2016 
14 Ji and Ziegler, 1993 
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Polygnathus. cf. communis communis, Polygnathus padovanii, Polygnathus cf. subnormalis, Palmatolepis 

minuta minuta

Palmatolepis gracilis gracilis Zone (A19)

Upper rhomboidea Zone

Palmatolepis gracilis gracilis  Polygnathus triphyllatus Bispathodus stabilis vulgarisA19

ZonePalmatolepis gracilis gracilis 

Polygnathussemicostatus, Palmatolepis glabra pectinata, Palmatolepis minuta minuta, P. subnormalis, 

Mehlina strigosa, Icriodus cornutus, Polygnathus inconinnus

Palmatolepis marginifera Zone (A20)

 Palmatolepis perlobata maxima Müller 1956 A20

Upper marginifera Zone 

Lower expansa Zone Polygnathus triphyllatus Helms, 1961

Bispathodus stabilis vulgaris, Palmatolepisgracilis gracilis, Palmatolepis minuta minuta, Polygnathus 

semicostatusIcriodus cornutus 
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Scaphignathus velifer velifer Helms 1959Scaphignathus 

velifer leptus Ziegler and Sandberg 1984A21Uppermost 

marginifera Zone

Scaphignathus velifer velifer

Polygnathus perplexus, Polygnathus granolusus, Alternognathus regularis regularis, Polygnathus nodocostatus, 

Branmehla bohlenana, Bispathodus stabilis vulgaris, Palmatolepis perlobata maxima, Mehlina strigose, 

Polygnathus semicostatus

Pseudopolygnathus granulosus Zone (A22)

Palmatolepis gracilis sigmoidalis Ziegler, 1962a, 

Bispathodus stabilis stabilis (Branson and Mehl, 1934a) [M2]

Icriodus cornutus Sannemann 1955b, Palmatolepis minuta minuta Branson and Mehl 1934a, Scaphygnathus 

velifer velifer Helms 1959A22Psudopolygnathus granulosus Zone 

Upper trachytera Zone 

 
15 Metzger, 1994 
16 Klapper and Ziegler, 1979 
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Bispathodus stabilis vulgaris, 

Mehlina strigosa

Polygnathus styriacus to Palmatolepis gracilis manca zones(A23) 

 Scaphygnathus velifer leptus Ziegler and Sandberg, 1984

A23Scaphignathus velifer velifer ZonePalmatolepis gracilis 

manca Zone 

Bispathodus stabilis stabilis, Branmehla bohlenana, Palmatolepis gracilis sigmoidalis

Palmatolepis gracilis expansa Zone (A24) 

 Lower expansa Zone 

Bispathodus jugosus (Branson and Mehl, 1934a)Palmatolepis 

gracilis expansa Sandberg and Ziegler, 1979Palmatolepis gracilis expansa

Bispathodus ultimus 

Clydagnathus ormistoni, Bispathodus bispathodus, Bispathodus stabilis stabilis. 

 
Bispathodus aculeatus aculeatus Zone (A25)

Middle expansa

Bispathodus aculeatus aculeatus (Branson and Mehl, 1934a)

   expansaMiddle Zonetexanus 

Clydagnathus ormistoni Beinert et al. 1971 

Bispathodus costatus Zone (A26) 

Bispathodus costatus Branson 1934 M1 Ziegler and 

Sandberg 1984

Bispathodus bispathodus, Bispathodus spinulicostatus, Pseudopolygnathus cf. primus, Polygnathus communis 

collinsoni, Bispathodus jugosus, Palmatolepis gracilis expansa, Polygnathus perplexus, Bispathodus cf. 

costatus 

 
Bispathodus ultimus Zone (A27-A29) 

 
17 Lane et al., 1980 
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Upper expansa praesulcata zonescostatusïkockeli Interregnum 

(Bischoff, 1957) Bispathodus ultimus

(Ziegler and Sandberg 1984)Upper expansaMiddle praesulcata 

Bispathodus spinulicostatus, Pseudopolygnathus cf. primus, Bispathodus aculeatus aculateus, Polygnathus 

communis collinsoni, Bispathodus costatus, Bispathodus bispathodus, Palmatolepis gracilis expansa

Bispathodus ultimus Zone 

 Protognathodus kockeliSiphonodella 

praesulcata

praesulcate Zone

?Protognathodus kockeli - L. Siphonodella crenulata zones (A30-A32)

Siphonodella sulcata][

Siphonodella bransoni (= Siphonodella 

duplicate M1)Protognathodus kockeliD/C]

[

Protognathodus collinsoni, Polygnathus inornatus, Polygnathus longiposticus  

Polygnathus parapetus 

Siphonodella isosticha ï U. Siphonodella crenulata to Upper Gnathodus typicus zones 

(A33-A35) 

Gnathodus delicatus, Gnathodus cueniformis, 

Gnathodus semiglaber, Gnathodus typicus A33Gnathodus typicus, Hass, 

1953 typicus Zone 

Scalignathus anchoralis-Doliognathus latus Zone (A36-A38)

 Gnathodus pseudosemiglaber Thomson and Fellows, 1970

 Zonelatus -anchoralisZonetexanus 

A35Gnathodus semiglaber, Gnathodus typicus

 
18 Kaiser et al., 2009 
19 Belka and Korn, 1994 
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Upper Gnathodus texanus to Adetognathus unicornis zones(A38-A45) 

Locheria commutata Branson and Mehl 1941 Gnathodus bilineatus 

bilineatus Roundy 1926 

][

Rachistognathus muricatus Zone (A46-A48)

Rhachistognathus muricatus (Dunn, 1966)

late Serpukhovian)Mississippian - Pennsylvanian

Gnathodus girty girty, Gnathodus girty simplex

 

GnathodusLochrieaCavusgnathus

Serpukhovian DeclinognathodusBashkirian

Mississippian - Pennsylvanian][

GSSP 

Declinognathodus noduliferus sensu lato

Declinognathodus noduliferus noduliferus, Declinognathodus noduliferus inaequalis Declinognathodus 

noduliferus japonicas ]

[

Declinognathodus noduliferus Zone (A49-51)

D. noduliferus s.l. Ellison and Graves 1941A49

D.  noduliferus

Declinognathoduus praenoduliferus Nemirovskaya and Nigmadganov 1992 

Idiognathoides sinuatus ï Rachistognathus minutus Zone (A51-A53)

middle Bashkirian 

Rachistognathus minutus minutus (Higgins and Bouckaert 1968)Idiognathodus sinuosus. Ellison and Graves, 

1941lower Morrowan (base of sinuatus-minutus Zone)

 
20 Varker et al., 1991 
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Fig.1- Polygnathus aequalis Klapper and Lane, 1985; Upper view of IUMC 222, sample A4, X 289, Fig. 2- 

Polygnathus alatus Huddle, 1934; Upper view of IUMC 222, sample A4, X 289, Fig. 3- Polygnathus cf. politus 

Ovnatanova, 1969; Upper view of IUMC 125, sample A6, X 131, Fig. 4- Polygnathus cf. xylus Stauffer, 1940, 

Upper view of IUMC 103, sample A4, X 205. Fig. 5- Palmatolepis triangularis Sannemann, 1955; Upper view 

of IUMC 101, sample A7, X 140, Fig. 6- Polygnathus aspelundi aspelundi Savage and Funai, 1980; Upper view 

of IUMC 222, sample A8, X 300, Fig. 7- Polygnathus brevilaminus Branson and Mehl, 1934a; Upper view of 

IUMC 125, sample A13, X 131, Fig. 8- Pelekysgnathus inclinatus Thomas, 1949; Lateral view of IUMC 124, 

sample A10, X 140, Fig.9- Ancyrognathus sinelaminus (Branson and Mehl, 1934); Upper view of IUMC 100, 

sample A10, X 127, Fig. 10- Icriodus alternathus alternathus Branson and. Mehl, 1934; Upper view of IUMC 

105, sample A11, X 216, Fig. 11- Palmatolepis perlobata perlobata Ulrich and. Basller, 1926; Upper view of 

IUMC 160, sample A12, X 143, Fig. 12- Icriodus alternathus helmsi Sandberg et Dreesen, 1984; Upper view of 

IUMC 146, sample A15, X 137, Fig. 13- Palmatolepis minuta loba Helms, 1963; Upper view of IUMC 167, 

sample A14, X 179, Fig. 14- Polygnathus semicostatus Branson and Mehl, 1934;  Upper view of IUMC 119, 

sample A16, X 141, Fig. 15- Polygnathus cf. communis communis Branson and Mehl, 1934; Upper view of IUMC 

108, sample A15, X 188, Fig. 16- Palmatolepis glabra pectinata Ziegler, 1962; Upper view of IUMC 207, sample 

A17, X 127, Fig. 17- Palmatolepis minuta minuta Branson and Mehl, 1934a; Upper view of IUMC 148, sample 

A17, X 120, Fig. 18- Palmatolepis quadrantinodosalobata Sannemann, 1955a; Upper view of IUMC 102, sample 

A17, X 161, Fig. 19- Polygnathus padovanii, Perri and Spalletta, 1990; Upper view of IUMC 158, sample A18, 

X 201, Fig. 20- Polygnatbus webbi Stauffer 1938; Upper view of IUMC 222, sample A4, X 289, Fig. 21- 

Polygnathus aff. subnormalis Vorontsova and Kuzmin, 1984; Upper (a) and lower (b) view of IUMC 196, sample 

A18, X 181, Fig. 22- Polygnathus triphylatus Ziegler, 1960; Upper view of IUMC 170, sample A20, X 142, Fig. 

23- Mehlina strigosa (Branson and Mehl 1934); Lateral view of IUMC 185, sample A19, X 97, Fig. 24- Icriodus 

cf. cornutus Sannemann, 1955; Upper lateral view of IUMC 139, sample A19, X 261, Fig. 25- Polygnathus 

inconcinnus Kuzmin and Melnikova, 1991; Upper view of IUMC 206, sample A19, X 86, Fig. 26- Palmatolepis 

perlobata maxima Müller, 1956; Upper view of IUMC 198, sample A19, X 126, Fig. 27- Bispathodus stablis 

vulgaris (Dzik, 2006) Branson and Mehl, 1934; Upper view of IUMC 128, sample A21, X 216, Fig. 28- 

Scaphignathus velifer velifer Helms, 1959; Upper view of IUMC 125, sample A21, X 131, Fig. 29- Branmehla 

bohlenana Helms, 1959; Upper view of IUMC 155, sample A21, X 172, Fig. 30- Polygnathus 

nodocostatus Branson and Mehl, 1934; Upper view of IUMC 125, sample A21, X 131, Fig. 31- Polygnathus 

granulosus Branson and Mehl, 1934a; Upper view of IUMC 177, sample A21, X 197, Fig. 32- Alternognathus 

regularis regularis Ziegler and Andberg, 1984; Upper (a) and lower (b) views of IUMC 186, sample A21, X 123, 

Fig. 33- Polygnathus perplexus Thomas, 1949; Upper lateral view of IUMC 157, sample A21, X 201, Fig. 34- 

Scaphignathus velifer leptus Ziegler and Sandberg 1984; Upper view of IUMC 197, sample A23, X 125, Fig.35- 

Palmatolepis gracilis sigmoidalis Ziegler, 1962a; Upper-lateral view of IUMC 187, sample A22, X 122, Fig. 36- 

Bispathodus stabilis stabilis (Branson and Mehl, 1934a); Upper lateral view of IUMC 164, sample A22, X 201, 

Fig. 37- Bispathodus bispathodus Ziegler, Sandberg and Austin, 1974; Upper view of IUMC 188, sample A26, X 

144, Fig. 38- Palmatolepis gracilis expansa Sandberg and Ziegler, 1979 Morphotyp 1; Upper view of IUMC 141, 

sample A24, X 201, Fig. 39- Polygnathus delicatulus Ulrich and Bassler, 1926; Upper view of IUMC 125, sample 

A26, X 131, Fig. 40- Bispathodus costatus (Branson,1934) Morphotyp 1; Upper lateral view of IUMC 193, sample 

A25, X 108, Fig. 41- Bispathodus jugosus (Branson and Mehl 1934a); Upper view of IUMC 200, sample A24, X 

108, Fig. 42- Bispathodus ultimus Bischoff, 1957; Upper view of IUMC 181, sample A27, X 138, Fig. 43-  

Polygnathus communis collinsoni Druce 1969; Upper view of IUMC 189, sample A26, X 143, Fig. 44- 

Bispathodus aculeatus aculeatus Branson and Mehl, 1934a; Upper lateral view of IUMC 175, sample A25, X 

161, Fig. 45- CLydagnatbus ormistoni Beinen, Klapper, Sandberg k Ziegler, 1971; Upper view of IUMC 222, 

sample A24, X 289, Fig. 46- Pseudopolygnathus cf. primus Branson and Mehl, 1934b; Upper view of IUMC 

125, sample A27, X 131, Fig. 47- Bispathodus spinulicostatus (Branson, 1934) Morphotyp 1; Upper lateral view 

of IUMC 144, sample A26, X 183, Fig. 48- Icriodus costatus darbyensis Klapper, 1958; Upper view of IUMC 

120, sample A28, X 159, Fig. 49- Protognathodus collinsoni Ziegler, 1969; Upper view of IUMC 222, sample 

A31, X 289, Fig. 50- Polygnathus inornatus E. R Branson, 1934; Upper view of IUMC 222, sample A30, X 289, 

Fig. 51- Polygnathus tichonovitchi Kuzmin and Melinkova, 1991; Upper view of IUMC 165, sample A13, X 201, 

Fig. 52- Polygnathus parapetus Druce, 1969;19) Upper view of IUMC 222, sample A32, X 289, Fig. 53-

Gnathodus cuneiformis Mehl and Thomas, 1947; Upper view of IUMC 211, sample A35, X 188, Fig. 54- 

Gnathodus semiglaber Bischoff, 1957;Upper view of IUMC 216, sample A35, X 178.  Fig. 55- Gnathodus typicus 

Cooper, 1939; Upper view of IUMC 222, sample A36, X 289, Fig.56- Gnathodus pseudosemiglaber Thomson 

and Fellow, 1970;Upper view of IUMC 209, sample A37, X 143, Fig.57- Gnathodus bilineatus Roundy, 1926; 

Upper view of IUMC 213, sample A38, X 130, Fig. 58- Gnathodus girty girty Hass, 1953;Upper view of IUMC 
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214, sample A38, X 130, Fig. 59- Gnathodus girtyi simpLex Dunn, 1965; Upper view of IUMC 210, sample A38, 

X 196, Fig. 60- Gnatbodus delicatus Branson and Mehl, 1938; Upper view of IUMC 222, sample A38, X 289, 

Fig. 61-  Locbriea commnutata (Branson and Mehl, 1941); Upper view of IUMC 222, sample A39, X 289, Fig. 

62- Rhachistognathodus muricatus Dunn, 1965; Upper view of IUMC 219, sample A48, X 155, Fig. 63- 

Declinognathus noduliferus s.l. (Ellison and Graves, 1941), Upper view of IUMC 222, sample A50, X 289, Fig. 

64- Declinognathus praenoduliferus Nigmadganov and Nemirovskaya, 1992; Upper view of IUMC 222, sample 

A49, X 289, Fig. 65- Idiognathodus sinusus Ellison and Graves, 1941; Upper view of IUMC 221, sample A52, X 

280, Fig. 66- Rhachistognathodus minutas minutas (Higgins and Bouckaert, 1968); Upper lateral view of IUMC 

212, sample A46, X 150, Fig. 67- Polygnathus inornatus inornatus Branson, 1934; Upper view of IUMC 222, 

sample A30, X 289. 

 

 

-͉  

I. Palmatolepid or Palmatolepid-bispathoid (outer shelf) 

II.  Palmatolepid ï polygnathid (middle-outer shelf) 

III.  Polygnathid-icriodid (middle-inner shelf) 

IV.  Polygnthid ï pelekysgnathid (inner shelf) 

V. Clydagnathid (various restricted marine and peritidal setting) 

VI.  Scaphignathid (various restricted marine and peritidal setting) 

VII.  Patrognathid (various restricted marine and peritidal setting) 

VIII.  Pandorinellinid (various restricted marine and peritidal setting) 

IX.  Antognathid (various restricted marine and peritidal setting) 

 

 
I. Bispathodid (starved basin). 

II.  Scaliognathid-doliognathid (starved basin and lower slope). 

III.  Gnathodid-pseudopolygnathid (fore slope). 

IV.  Eotaphrid (shelf edge).  

V. Hindeodellid (outer platform). 

VI.  Pandorinellid (inner platform) 

VII.  Mestognathid (tidal lagoon and sabkha). 

 

 

 
21 Sandberg and Gutschick, 1984 
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.

Palmatolepis winchelli to Ancyrognathus ubiquitus zonesPolygnathus

Polygnathus cf. politus Polygnathus cf. alatus Polygnathus webbi 

Polygnathus aequalisPolygnathus cf. xylusPolygnathus cf. xylus

Polygnathid biofacies

.

Palmatolepis triangularis Zone

A7Palmatolepis Palmatolepid 

biofaciesA8PalmatolepisPolygnathus

Palmatolepid ï polygnathid biofacies

A9PolygnathusPalmatolepis

Polygnathid biofacies 

Palmatolepis delicatula platys to Palmatolepis minuta minuta zones

PelekysgnathusPolygnthid ï pelekysgnathid biofacies

 

AncyrognathusA13Polygnathid-

icriodid biofaciesPalmatolepis

Palmatolepis crepida ZoneA15Palmatolepis

Palmatolepid biofacies Icriodus

Palmatolepis termini Zone 

IcriodusPalmatolepis Polygnathus

Polygnathid-icriodid biofaciesPalmatolepis glabra 

pectinata to Palmatolepis rhomboidea zones IcriodusPolygnathus

PalmatolepisPolygnathid-icriodid biofacies

A18PolygnathusPalmatolepis

Polygnathid biofacies 

Palmatolepis gracilis gracilis Zone

PolygnathusMehlinaPalmatolepisIcriodus

Polygnathid biofacies 

Palmatolepis marginifera ZoneBispathodus+ Palmatolepis
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Palmatolepid ï polygnathid biofacies

Scaphignathus velifer velifer to Palmatolepis rugose trachytera zones

BispathodusIcriodusPalmatolepisBranmehla Scaphygnathus Alternognathus Polygnathus

PolygnathusPolygnathid biofacies

Pseudopolygnathus granulosus ZoneBispathodus+ 

PalmatolepisPalmatolepid-bispathoid biofaciesMehlina

Scaphygnathus 

biofaciesBispathodid

?Protognathodus 

kockeli - L. Siphonodella crenulata zones

PolygnathusPolygnathid biofaciesGnathodid-pseudopolygnathid

foreslope 

GnathodusLocheriaRhachistognathusIdiognathodus Declinognathodus

Euramerica

 

 

 
22 Johnson et al., 1985 
23 Johnson and Sandberg, 1989 
24 Smith and Read, 2000 
25 Isbell et al., 2003 
26 Menning et al., 2006 
27 Davydov et al., 2012 
28 Saltzman and Thomas, 2012 
29 Haq and Schaltter, 2008 
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Johnson et al., 1985, 

Johnson and Sandberg, 1989; Smith and Read, 2000; Isbell et al., 2003; Menning et al., 2006; Davydov et al.,

Saltzman and Thomas, 2012Haq and Schaltter, 2008
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-͊ 

][

][

CAI=411-aCAI= 1.5-2 11-b,c

CAI= 5-5.5  (11-d,e) 

 

 
30 Bagheri and Stampfli, 2008 
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ôîÉ,-(  ÿ Ĉ¤Æĉ¿ ĈýĀñ¾ñ¹ ćwă ā½wÆ·½ ¡w«½¹ wz Ów{£½v ½¹ wă ¢ýÿ¹Āþí ðý½ ¾ĊĊâ£ Ì·wÉ óÿº« ½ĀÒ³ ÷ºÝ wĉ ½ĀÒ³ wz ûj ĂÖzv½

 ½Āz¾íÿ½ºĊă

 

 
ôîÉ ,.( ¡½v¾³ Ă«½¹ ÿ ć½v¼ñ xĀÅ½ ûwù¿ ĂÖzv½ ½v¹Āúý ) ( 

 

 
31 Epstein et al., 1977 


