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1. Introduction

Khoshyeilagh Formation (Bozorgnia, 1973), contains the
most complete successions of the Middle Devonian-Lower
Carboniferous rocks in Eastern Alborz. This formation

includes fossiliferous limestones, shales, sandstones, and

ABSTRACT

Middle Devonian to Lower Carboniferous siliciclastic-carbonate successions in Eastern Alborz are
characterized by Khoshyeilagh Formation. It is underlain by the Devonian red siliciclastic sequences
and is overlain by the Carboniferous Mobarak Formation, can be divided into 3 different members;
lower carbonate, middle siliciclastic, and upper carbonate. The Khoshyeilagh Formation comprises
various fossil groups of invertebrates, conodonts, palynomorphs and fish remains. In the present
study, a collection of microscopic fish remains, obtained from the lower and upper carbonate members
in Mighan, north of Shahrood, have been determined and described. This assemblage contains 14
different taxa of chondrichthyan fish including: Cladodoides ct. wildungensis, Ctenacanthiformis gen.
et sp. indet, Dalmehodus turnerae, Deihim mansureae, Lissodus lusavorichi, Phoebodus aff. turnerae,
Phoebodus fastigatus, Phoebodus gothicus gothicus, Phoebodus gothicus transistans, Roongodus
phijani, Siberiodus mirabilis, Squatinactis glabrum, Stethacanthus resistens and Thrinacodus ferox.
Some specimens of scales and teeth of actinopterygian and osteichthyan fishes are also present
which all indicate a shallow environment of the continental shelf. The associated conodonts with
this assemblage demonstrate the age of Frasnian (rhenana biozone) to early Tournaisian (duplicata

biozone) for the whole succession.

dolomitic rocks, rich in brachiopods, corals, crinoids, trilobites,
goniatitids, tentaculitids, palynomorphs, conodonts, and
microscopic fish remains, particularly from the calcareous beds

(Wendt et al., 2005). Due to the presence of a thick sequence,
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considerable geographical development and a relatively wide
age range (Middle Devonian to the Early Carboniferous) in
the Khoshyeilagh Formation (Ashouri, 2004), it is possible to
investigate the bioevents and the extinction horizons such as the
anoxic Hangenberg event in the formation (e.g., Parvizi et al.,
2019, 2020, 2022).

In the Mighan area, the oldest stratigraphic unit consists of
several hundred meters of Silurian basalt and andesitic rocks
of the Soltan-Meydan Formation. Lower to Middle Devonian
series comprises red, white to gray conglomerates, sandstone,
shale, and siltstone, interbedded with dolomite and some basaltic
floods, which are equivalent to the famous Padeha Formation on
the Central Iran (Wendt et al., 2005). This succession recently
was attributed to the new Mighan formation (Alvaro etal., 2022),
is overlain by a well-developed marine siliciclastic-carbonates
rocks of the Khoshyeilagh Formation. The Khoshyeilagh
Formation has 965 meters thickness in Mighan stratigraphic
section and in ascending order consists of 3 different members.
Lower carbonate member is 376 meters, middle siliciclastic
member is 133 meters and an upper carbonate member is 456
meters. This formation is gradually overlain by the shales and
limestones of the Carboniferous Mobarak Formation, which
subsequently covered by the lower sandstones of the Permian
Doroud Formation (Wendt et al., 2005).

Except for Ginter et al. (2002) and Habibi and Ginter
(2011), who respectively studied a small number of the
Famennian chondrichthyans remains of the Mighan and
Shahmirzad sections in the north Gondwanan basin, most of the
microvertebrate studies in Iran have focused on the Devonian-
Early Carboniferous chondrichthyan fishes in the Central Iran
(e.g., Janvier, 1977; Long and Hairapetian, 2000; Yazdi and
Turner, 2000; Hairapetian and Ginter, 2009, 2010). The present
article is focused on a new investigation and description of
the microscopic remains of chondrichthyan fishes from the

Khoshyeilagh Formation in the Mighan section.

2. Research and methodology

The obtained microscopic fish remains from the Khoshyeilagh
Formation were mostly collected from the study of 181 dissolved
limestone samples from the lower and upper carbonate member.
However, the specimens found from the first member are very
few. The middle clastic member lacked any vertebrate remains.
All rock samples with an approximate weight of 3 to 4 kg were
crushed in the fossil preparation laboratory of the Ferdowsi
University of Mashhad. They were placed in 20% acetic acid
solution for four days and this process was repeated several times
until the whole sample is dissolved. The remaining sediments

from this process was washed and sieved using the 18 and 200

mesh sifts. After drying in the oven, all the microscopic remains,
including pieces of fish scales, teeth and conodonts were
separated using a binocular optical microscope. Representative
and suitable specimens from the obtained collection were
photographed using a scanning electron microscope (SEM),
model Leo 1450VP. This collectionis stored in the repository of
the Department of Geology, Ferdowsi University of Mashhad
(FUM). Systematical paleontology and taxonomy in this article
were established according to the presented model by Ginter
(1990, 1999, 2002), Ginter et al. (2002), Long and Hairapetian
(2000), Ivanov and Rodina (2004), Hairapetian and Ginter
(2009), and Van der Laan (2019).

3. Results and discussions

Microscopic fish remains include chondrichthyan teeth
(cladodontids, phoebodonts and protacrodontids) and
actinopterygian and Osteichthyan scales and teeth. The
accompanying conodont elements have been used to determine
the exact age range of the beds containing this microvertebrates.
In general, 6 specimens from the lower carbonate member
and 37 specimens from the upper carbonate member in the
Mighan section contain fish remains. The chondrichthyan
bearing horizons appear in the upper Frasnian fossiliferous
limestones (lower rhenana zone). They are present up to the
lower Tournaisian rocks (lower duplicata-upper crenulata/
isosticha zones). Only one Phoebodus species is found in
the carbonates of the lower member with the age of Givetian
(timorensis-latifossatus/semialternanus ~ zones). The most
abundance and diverse fish remains occurred in the Famennian
strata, which are related to the last renewal of chondrichthyan
diversity after the Kellwasser event at the Frasnian-Famennian
boundary (Ginter and Turner, 1999). The Tournaisian beds
include a sequence of gray shales and nodular limestones.
Abundant conodonts are present in these calcareous parts and
range from the sulcata to lower duplicata zones. In these beds,
the abundance and diversity of fish remains are reduced. Only
samples M257, M260, M266, and M267 have a small number

of such fragments.

4. Conclusion

A community of microscopic remains of chondrichthyan
fishes, including teeth of Phoebodontids, Protacrodontids,
Cladodonts, scales and conical teeth of actinopterygian
fishes, with low diversity and abundance, has been identified
from the carbonate deposits of the Khoshyeilagh Formation
in the Mighan section. Accompaniment of chondrichthyan
fish remains and conodonts show the age range of Givetian

to the early Tournaisian, while they were the most abundant
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in the Famennian. The species Phoebodus fastigatus is the
only taxon that occuured in the lower carbonate member of
Khoshyeilagh Formation (early to middle Givetian), and it

is the first report of the species from the Givetian of Iran.

The species Siberodus mirabilisin from the late Frasnian of
Mighan section, once confirms an earlier data from Kerman.
It was recently reported from the Famennian beds of Central

Iran, Armenia, and Russia.
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0T 31 s oo 5 1SS ol8tils l wli pn 03,5 O jen 53 (Ao w335
ol Olie 52 53 GOy b 5 L5l Olale Ly anlllas y p 5l dllia S 505 oS
33 Gjii’ e s 0L, L g odd el ol 9558 Slalllae DL
3ok S Gl (F3 58 o5 Ao )3 g el ol Sl HlAS s

Y K)o o3zl otaT o 3 Olale (65 s s

Ol g bosts —Y
Cigash i @_LM.;; (Turner and Janvier, 1979) a4 ¢lj 5 55 )b s
Neoturinia Ol g "5 Wwdx) Turinia cf. hutkensis s Skamolepis sp. Jols
i 3l 1 (Hairapetian et al., 2016 - 01,8 5 0yl s Low 55 of. hutkensis
Bla 0 b re by (A e ool b B B 5 68U B
£35S Obale (SLL I a2 sazme (Blieck et al,, 1980) o1 San 5 &S ¢
Antiarcha indet., Bothriolepis cf. kwangtungensis, Coccosteidae Jolx
indet., Groenlandaspididae indet., Holonema sp., Phlyctaeniida indet.
Ctenacanthida. L5 il sew¥l Olale 51 (o313 Ptyctodontida indet.
s Gyracanthus sp., Ischnacanthiforme indet., O s gla p> }:.}KT dndet
s Dipteridae indet.? 0ot o 5ws Olabe 3| & » (Onchus overathensis
Holoptychiidae indet., Onychodus & g oy % 5 5w ,S Olals b g
S 95 (e il eﬁi sl e§i 311, Osteolepididae indet. s cf. sigmoides
ity o5 55 51 7wl e S B o 53 B LS 5
S ebbs LB, e slad s ;5 (Hamdi and Janvier, 1981) 4 515 5 (ste>
5 Turiniida fam. gen et sp. indet. S Olge Coui 1y gy 5 saCsgask
S i s b L5l |y bacp 3 0 STl Orvikuina sp.? &8 35
=L (Goujet and Janvier, 1984) 4 45 4 53; Ol 31 ey o Liles S _J:.Jlf
Lol 5 olelis GO s diile 6581 b 55 55 1y Olylse gy 51 Lasedal
RS g p s el (2938 (lasaly 5l (53131 B 55 JS sk a s
) Buchanosteus confertituberculatus 43; 5 &S opl et (hilos ST 5 me
Ginter) 0,8es 5 28 Wlossas iy F I cul 5 55 1y 21555, wl,
e 53 el (gl oSG S (Gbla g5 » 45 (glanllas o o (et al., 2002
Lissodus sp., Phoebodus aff. turnerae, O sen G_LMJ; Llazils U\y\.‘f
Thrinacodus s Phoebodus gothicus, Protacrodus spp., Stethacanthus spp.

Liles god 2 yaa (659l 51 53 Olase (wlibiaia 5 SV, tranquillus



Lower 4y Sl Sl Coygo & 68 ol jsim 028 tigin 0 g —
03 903y Femds Ol pl g Ll (AL o Middle praesulcata G marginifera
u:)lf)gMiddle to Upper crepida (Wbaigy s 5 51 dus ol g asdls gl 3
Long and Hairapetian, 2000; Ginter et al., 2002; Hairapetian and) &l ol
Lower crepida, Lower (gaag Cas § 35 & }f ol Ol 2 3 (Ginter, 2009
slings oy S s ods sl Lower expansa s to Upper trachytera
e S sl Jhagh 5 bosgdes opl )3 ol e Latls

ormistoni, Icriodus cornutus, Neopolygnathus communis, Palmatolepis

Clydagnathus

cf. rugosa Palmatolepis glabra, pectinate, Polygnathus inconcinnus,
Polygnathus yazdii § Polygnathus nodocostatus, Polygnathus semicostatus

ey

Table 1. Distribution of fish microremains in Mighan section.

pleze 0T 531y Cabi oy 50 g5 aj}fcﬁl)g odeld &5l 6LAJ§»5=~5€‘95_
b}.ﬁt@ 5o é{y (lingual) }l>- Con & d)‘ t;; g_*,a“l:)sjf B odel J.‘Ssa
by g0 Bl on BT 26 4 S50 5l sl om0 0ol Db 550 oS
Olsl 3 Olal el 53 4 33§ 8 mligd)sn 53 i 3L b ped 3 sl 8
5 3she S Sl wdle Glnl 4 K5 b aes and S adel il e
6y Olo L s 5 glasl L glaizs b s oM &) 4 ole JKo
Ol 53 s pala 55 518 Sl s sad aslin Calgdyse ol 3557 o 352 s
ol C3L (s god .l ol u:)‘)f (Hairapetian and Ginter, 2009) s S ,»
G305 93) e Ly B (g gl abl L oS 005 93 5 5 a8 50 51 Olhs 31
s FUM#M219.2, FUM#M231.2 glaw sa5 53) JS& oS8 b (FUM#M220.7

L sh e aseia (FUM#M202.12

DOlise 2 G i 3 Olale 55 Ko s, ST, ) Sl

v x| wlalalvw|ala|lelB|nc|lals|mlac|lals|le|s
=
Phoebodus fastigatus 1
Phoebodus gothicus transistans 1
Phoebodus gothicus gothicus 2 1 1 1)1
Phoebodus aff. turnerae 1
Thrinacodus ferox 1 1
Cladodoides ct. wildungensis 2 2 3 1|1 1|1 1
Siberiodus mirabilis 6
Deihim mansureae 1|1 1]13]1 2|1 1
Stethacanthus resistens 1
Dalmehodus turnerae 1
Roongodus phijani 1
Lissodus lusavorichi 1
Squatinactis glabrum 1 1
Ctenacanthiformis gen. et sp. indet 1

Sbs ol 4 8 515 il 4aSs (S ) 53 Conyd JUST L Lol o i
O izl s Ll 815 o g aile 5 ke 408> (S 5 opl o bro i
e Phoebodus gothicus LgLMJ;ﬁ)' Ji_; S 45;);_)' o) CL: 9 ool
Cao$ 5 il el 5l Phoebodus gothicus transitans A.Sfjij Sl s

(Ginter et al., 2002) Csl ol
Middle to Upper aigcms) MISS wsai 5l 455 15 ol tghm oywd —
Ieriodus alternatus alternatus, Icriodus .Cos) sda] Cowd 4 (triangularis
3590 eli gol ea Slaligs S 5| Neopolygnathus communis s cornutus

Ml"ksﬁ 03 gl>ea u‘i‘ BE

Phoebodus gothicus transitans Ginter, Hairapetian and Klug 2002
Fig. 3E
Selected synonymy:
2009 Phoebodus gothicus cf. transitans Ginter, Hairapetian and Klug;

Hairaprtian and Ginter, p. 185, text-figs. 7j—7k

Dlodd 3 5 B b glast b oS 0k LSS e 155 W1 26 tidmogi —
jéﬁ@};dfj)&}bkwybju:ﬁUQJyqd;xj@‘)ba-\.aﬁ
}:.gﬁdoub_:o-l')scbQg’&;}?éﬁiéloﬁbgﬁl}ksbfrsj&ﬁ
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Figure 3: A-D. Phoebodus gothicus gothicus Ginter 1990, morphotype 2, A. occlusal view of
FUM#M219.2, sample M219, B. occlusal view of FUM#M202.12, sample M202, C. occlusal
view of FUM#M220.11, sample M220, D. occlusal view of FUM#M231.2, sample 231;
E. Phoebodus gothicus transitans Ginter, Hairapetian and Klug 2002, occlusal view of
FUM#M198.1, sample M198; F. Phoebodus aff. turnerae Ginter and Ivanov 1992, occlusal view
of FUM#M220.10, sample M220; G. Phoebodus fastigatus Ginter and Ivanov 1992, occlusal
view of FUM#M135.5, sample M135; H. Thrinacodus ferox Turner 1982, occlusal view of
FUM#M267.15, sample M267; I-K. Cladoides cf. wildungensis Jaekel 1921, I1. lingual view of
FUM#M188.12, sample M 188, 12. labial view of FUM#M188.12, sample M 188, 13. occlusal view
of FUM#M188.12, sample M 188, J1. lingual view of FUM#M227.5, sample M227, J2. occlusal
view of FUM#M227.5, sample M227, J3. lateral view of FUM#M228.5, sample 227, K1. labial
view of FUM#M188.11, sample M188, K2. occlusal view of FUM#M188.11, sample M 188, K3.
lingual view of FUM#M188.11, sample M188; L. Siberiodus mirabilis Ivanov and Rodina 2004,
L1. occlusal view of FUM#M188.13, sample M 188, L2. lingual view of FUM#M188.13, sample
M188, L3. labial view of FUM#M188.13, sample 188 (Scale bar= 100 p).
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Genus Thrinacodus St. John and Worthen 1875
Type species: Thrinacodus nanus St. John and Worthen 1875
Thrinacodus ferox Turner 1982
Fig. 3H

Selected synonymy:
1996 Thrinacodus ferox Turner; Ginter and Ivanov, p. 265, figs. 2a-2d
2000 Thrinacodus sp.; Ginter and Ivanov, p. 339, pl. 2, fig. h
2000 Thrinacodus cf. ferox Turner; Long and Hairapetian, p. 215, fig. n
2011 Thrinacodus ferox Turner; Habibi and Ginter, p. 37, pl. 1, figs. a, b

Lle N6 5 o sb (KL ol b 05l U S 14 e o teimogi —
o s G b G F Sl 5 b bl b bl o S
S P T S 3513 Kb 5 Sl b 68 pl 53 0ol L Llods
b js) 5 bl (S p b (Sb 487> &S5 (glls ousls a5 S
el s ss 1 &S 6,8l wlas & 15 oT Col bl 4 odUlS L
Thrinacodus & & 3| b oot JSKa b (Ginter etal., 2002) Col 4Bl oSS

S sh o plee tranqualis
i S5 S L Calises Bl 5 iy i ST6 ptald 1 a8 o 2w © g —
Turner, 1982; Derycke et al., 1995; Ginter, 1995, 2001; Ginter et al.,) <!
(sulcata agu & ) M260 5 M257 (ladi goi 3 68 5l Olise i 3 (2002
4 (Upper duplicata-Upper crenulata-isosticha s\sags s 3) M267 & 403 5
by T ) ool 53 3550 el 5 ol an (Slalips S 5.l odel s
Bispathodus costatus, Polygnathus inornathus, Siphonodella 4 {) 5 o

.35 o Ll Siphonodella cooperi s sulcata, Siphonodella duplicata

Order Ctenacanthiformes Glikman 1964
Family Ctenacanthidae Dean 1909
Genus Cladodoides Maisey 2001
Type species: Cladodoides wildungensis Jaekel 1921
Cladodoides cf. wildungensis
Figs. 31-3K

Selected synonymy:
2010 Cladodoides sp.; Hairapetian and Ginter, p. 366, text-figs. 5a-5¢
2017 Cladodoides wildungensis Jaekel; Ginter et al., p. 386, text-figs. 5a-5d
2018 Cladodoides cf. wildungensis Jackel; Ivanov and Plax, p. 47, text-figs.
2h-2m

S 93 5 585 Gla s & Jols 5 o S5 61050 1 2 tdwogi —
Lals . Llas S 130T Co b 93 53 Ol Oy o 4 45 Sl S 587 wlis
1 Lol sl g 5 oo SIS 4 5l D) g0 4 (5 3y phae o b
Gl o555 b b s Jals coloms o b JKE s &) 50 4 0
Sy Sl 4083 S LB S 15 sk bl S s i
b WdUS 5 03,57 SRl 1) ool jim pael Coad ¢ S Jatas b e
(labial) oy sl 53 lad 8055 15 0T (o gl sl olatal 55b & (gilis
e 03 L ln U 555 ol b ol G s (S 65
ol 3
Ginter) 0, Kan 5 28 Ly Olia ] s uiels 51 655 o 5iuw 0 gius —
Ay S § U Late rhenana gy 5 5101 ) 53 0 I 5 51 5 (et al., 2011
3 Jf (Hairapetian and Ginter, 2010) J.:.f 5 0Lkl s Law 5 Late expansa

Phoebodus aff. turnerae Ginter and Ivanov, 1992
Fig. 3F

Selected synonymy:
2000 Phoebodus turnerae Ginter and Ivanov; Ginter and Ivanov, p. 328,
pl. 2, fig. a
2002 Phoebodus turnerae Ginter and Ivanov; Ginter et al., p. 181, text-figs.
6a—6¢c
2005 Phoebodus turnerae Ginter and Ivanov; Derycke, p. 64, pl. V, figs. 1-2
2009 Phoebodus turnerae Ginter and Ivanov; Hairapetian and Ginter, p.

183, text-figs. 6f-6h

28 LB (S 5 351 S (slo 1 e 6505 ol 3 odels idhnogi =
s 5 Al aeSs (S ol ip ) Connd 53 ol 85 13 0T Lamy o
S5 e &1 ¥ 51 2650 13 JUTL 0 K5 ods g gl bl
b alie G145 50 Lokl 555 (Glatuar 5 5 Silsn L@ b L aS” Sl ol
Hairapetian) Sl sd 5158 55 am ol b 51l ms b o sn 503

.(and Ginter, 2009
5; (e L Jg.» 4 Phoebodus turnerae 43; 33 ool Al samilio —
3L e Lol 033 8 on atmie o e 3 80 (Gl b S e b
S (glo s L OT odels 5 313 ois 5,5 MlS (glabls Olas i 55 okl
Phoebodus turnerae &8 odels ;5 35 g0 ;;mq-ﬂ OT 5 03l Al e
ool Loy 53 Coys @sas cpl 55 Ll cCmlad S5 o o adle 4 S5
S8 L ol clatplin 355 b dsal ool (5 et 4 Sl 0 &
el ol kgﬂ.lfﬂi Phoebodus aff. turnerae & , g0 4 Phoebodus turnerae
3955 56 Sl 3 M2 g 5 Bl 33 6555 o i 0
s Uppermost marginifera-Upper trachytera zone laaglww w53

el o aT Cows 4 Lower expansa

Phoebodus fastigatus Ginter and Ivanov 1992
Fig. 3G
Selected synonymy:
2004 Phoebodus fastigatus Ginter and Ivanov; Ginter, p. 477, figs. 2h-2j
2004 Phoebodus fastigatus Ginter and Ivanov; Hampe et al., p. 495, text-
fig. 5
2007 Phoebodus fastigatus Ginter and Ivanov; Liao et al., p. 173, text-figs.

3a-3m

skd JSC5 JSC (gl oo pela b QLSS 5 1o 4163 0 1 2 2iogi —
U L i gl Ko ot b (glaki 553 oalaie e boels o
Bl g s bl 4 S5 ST

D) Ji.., s OLS sl b s Waills Phoebodus fastigatus 45; samglio —
Olise 2 3l ok 3L 45 5m5 53 551 Kb glo s phaie pelans b o 5 050k
okile Sl alls ¥ g 5 Wlowis L oS 55 4y aaills ol Jiags 5o
el

ool Ol 3 53 5,05 313 b o8 g5 5l glo S 68 ol tgw 0 s —
Cws 4 timorensis-latifossatus/semialternanus (\aags s j o ,.“f BIEY ;
Icriodus arkonensis arkonensis, .Cwl Ol ) 3 45; o) u‘z)lf Cped g odal
ol o (s i33 ¢S 51 Polygnathus xylus xylus s Icriodus regularicrescens

.L..."ubg;o 03 gd>es L’J‘i‘): 34590
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Ginter, p. 176, text-fig. 2d

2010 Deihim mansureae Ginter, Hairapetian and Klug; Hairapetian and
Ginter, p. 362, text-fig. 3a

2011 Deihim mansureae Ginter, Hairapetian and Klug; Ginter et al., pp. 166,
169, text-fig 8a-8e, 11c

Sy oS 3 S e S S 3y A L 65 () sedogi
@8 3 s Sl Sl O e Shy ey s ssds el
Dl dbaals s asl; CU O, dabio-lingual/mesio-distal o3Il s
Zesl ol 3,2 (Ginter et al., 2002) O, ,wf Ly 0T 5l obisy e
DI Y 3 5 Soa O3 345 8y (B 5l (slonkolB Il 26 58 50
lote (slls p 3 a5 5o (FUMHM232.2 & 500) 3505 5 b 938 55 ol
(FUMHM199.13 & 503) A2l oo o)l 95 55 (il OIS S 4w 9 5 fisb
5 GG LB oIl Sl bl 5 Sl 415 p g b5 o
AL Ul Oy geo 4 sl S 5 506 58T Il ol gy g0 4 Cannd Ll
33 L 0T plis,l 48 5505 eSSk 5 568 55 Sle s pler b5

Sl (ol OIS 53 pl
Early U Early triangularis 4gsCus}) O 5l Geels ) 43; o) S © g’ —
Ginter et al., 2002; Hairapetian and Ginter,) "ol ol )l Jf (expansa
Middle-Upper triangularis, s\adigsCum 55 Olise i 31 458 2ul (2009
Lower crepida-Upper  marginifera, Uppermost marginifera-Upper
ool el ol 3L Lower duplicata 4 trachytera, Lower expansa
Clydagnathus ormistoni,  geas sl ol on 39558 L baag Cos
9 Icriodus cornutus, Neopolygnathus communis, Palmatolepis cf. rugosa

Awr jai5 b6 Palmatolepis glabra pectinate

Genus Dalmehodus Long and Hairapetian 2000
Type species: Dalmehodus turnerae Long and Hairapetian 2000
Dalmehodus turnerae Long and Hairapetian 2000
Fig. 4C

Selected synonymy:

2000 Dalmehodus turnerae Long and Hairapetian, p. 219, text-figs. 6d, 6f, 6g
2011 Dalmehodus turnerae Long and Hairapetian; Ginter et al., p. 168, text-
fig. 10h

2009 Dalmehodus turnerae Long and Hairapetian; Hairapetian and Ginter,

pp- 179, 191, text-figs. 4A-B, 9A-B

A bl 5 b oS Ul b (b 6 ol LISET (S5 sdeogie
Cojb g3 a5 a8 dila i bk L Sl s chls balts ol S
s 5 Bl aslsl bty ol b Sl p ) s e e 2he 5 ol
358 55 oS Sle 613 &K lls 658l ol 0313 gl 4 5568 g
23 (Sl Wl o a1 ST IS 4 26 B e Sl (slasils Ik
23 0dsls .l okis [SC85 Wilas 15 5l Oy geo 4 oS Glos 153 (6 pme 53

b s gdate sk sy glyls 5 ob S 6 S ol
s a8 Oltiayl 5 Ol s U e ot 5168 o s 0 giud —
g5 .(Hairapetian and Ginter, 2009; Ginter and Hairapetian, 2011) !
Alen 53 g Lower expansa agy s 5 5l Qe 5 5> 45}5 EABIEST o
Bispathodus stabilis, Neopolygnathus collinsoni, el swlisssS L

sl 0T s 4 Polygnathus semicostatus 3 Polygnathus normalis

Lower rhenana, sbag i ;) 4;; o g el Rk 55 el ol
Middle-Upper triangularis, Lower Lower crepida-Upper marginifera,
Middle-Upper s Uppermost marginifera-Upper trachytera, Lower expansa
ol oS 535 ge el Glacigs 55 oA e Ll s g Lulis expansa
Bispathodus stabilis, Clydagnatus ormistoni, Jals Olaw s » 55 Wb s
Icriodus cornutus, Icriodus expansus, Icriodus iowaensis iowaensis,
Polygnathus yazdii s Polygnathus krestovnikovi, Polygnathus nodocostatus

Alea

Order Omalodontiformes Turner 1997
Genus Siberiodus Ivanov and Rodina 2004
Type species: Siberiodus mirabilis Ivanov and Rodina 2004
Siberiodus mirabilis Ivanov and Rodina 2004
Fig. 3L
Selected synonymy:
1981 Cladodus sp. Janvier, p. 162, pl. 2, figs, a, ¢, f, h
2004 Siberiodus mirabils gen. et sp. nov., Ivanov and Rodina 2004, pp. 86,
88, 90, text-figs. 3a-3l, figs. 4a—4f, figs. 5a-5b
2009 Siberiodus mirabils Ivanov and Rodina; Hairapetian and Ginter, p.

176, text-fig. 2a—2c¢

Al e Ozl g o 5l M 1S 0 BT 0yl 15 S @ 5ad 5o b o —
Ssleal Lol L I Y ol g Wlodkis Lad Wads ol 53 oIS sb 4 Laailis
WMSMWL}L}» Sose a Sl s il cpl il
Bl 3l o odels b azm 3 VAT 515 ¢ 5 Llods o= B b
Joli 5ol aaj:...f@.ii Slad 3ledels )15 (gl plsdai b (glo pls oalade c]a..u
5o bl cilonls SCas 1y o baol 5 Llods oS a1 5 5b 4 a8 ol L JUS

el B 28 sl sl
el s Barly triangularis-expansa 4gs sy ) 45; )t 0 g —
Ot e s Triangularis <4 s 5 (Ivanov and Rodina, 2004) a4,
J'$ s (Hairapetian and Ginter, 2009) s ,» Ol 55 4wl 55 51 5
G385 cpl il ods il € (Ginter et al,, 2011) Oltwia )l e oputols
U 9 O 05502 o & (Lower rhenana zone aigy s 3) M188 & sai 5l Olae
JoaSS 5 0T s 4 VU 30k s 3ble K05 4 e (5 omr B8 (oK
fj\J A5 e (Janvier, 1977) 5 615 baw s Ol S 51 A3 o laesls oS
Icriodus excavates, Icriodus expansus, of yon 5393 55 Sl (555150 @

ol 3l gL }f WNeopolygnathus communis s Polygnathus krestovnikovi

Mbhsﬁ 03 gl>ea u;__\ 6‘){

Cohort Euselachii Hay, 1902
Family Protacrodontidae Cappetta, Duffin and Zidek 1993
Genus Deihim Ginter, Hairapetian and Klug 2002
Type species: Deihim mansureae Ginter, Hairapetian and Klug 2002
Deihim mansureae Ginter, Hairapetian and Klug 2002
Figs. 4A-4B

Selected synonymy:
2002 Deihim mansureae Ginter, Hairapetian and Klug, pp. 192, 217, 219,
223,225, text-figs. 10, pl. 1, fig. r, pl. 2, fig. k, pl. 4, figs. f-g, j—m; pl. 5, figs. a-m

2009 Deihim mansureae Ginter, Hairapetian and Klug; Hairapetian and
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Figure 4: A-B. Deihim mansureae Ginter, Hairapetian and Klug 2002, sample M199, Al. labial view
of FUM#M199.13, sample M199, A2. occlusal view of FUM#M199.13, sample M199, A3. lingual view
of FUM#M199.13, sample M199, B1. labial view of FUM#M232.2, sample M232, B2. occlusal view of
FUM#M232.2, sample M232, B3. lingual view of FUM#M232.2, sample M232; C. Dalmehodus turnerae
Long and Hairapetian 2000, C1. occlusal view of FUM#M230.2, sample M230, C2. lingual view of
FUM#M230.2, sample M230, C3. labial view of FUM#M230.2, sample M230; D. Roongodus phijani
Hairapetian and Ginter 2009, D1. occlusal view of FUM#M220.12, sample 220, D2. labial view of
FUM#M220.12, sample M220, D3. lingual view of FUM.M220.12, sample M220; E. Lissodus lusavorichi
Ginter, Hairapetian and Grigoryan 2011, occlusal view of FUM#M243.4, sample M243, F-H. Squatinactis
glabrum Ginter 1999, F1. lingual view of FUM#M266.11, sample M266, F2. labial view of FUM#M266.11,
sample M266, F3. occlusal view of FUM#M266.11, sample M266, G1. occlusal view of FUM#M227.1,
sample M227, G2. labial view of FUM#M227.1, sample M266, G3. lingual view of FUM#M227.1, sample
M227, H1. occlusal view of FUM#M209.2, sample M209, H2. Labial view of FUM#M209.2, sample M209,
H3. lingual view of FUM#M209.2, sample M209; 1. Ctenacanthiformis gen et sp. indet., I1. occlusal view
of FUM#M267.14, sample M267, 12. lingual view of MFUM#M267.14, sample M267, 13. labial view of
FUM#M267.14, Sample 267; J. Stethacanthus resistens Ginter 2002, J1. lingual view of FUM#M220B.4,
sample M220, J2. labial view of FUM#M220B.4, sample M220, J3. occlusal view of FUM#M220B.4,
sample M220 (Scale bar= 100 p).
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Squatinactis glabrum Ginter 1999
Figs. 4F-4H

Selected synonymy:
2002 Symmorium glabrum Ginter; Ginter et al., p. 190, pl. 9, figs. A-K,
p.237,pl. 11, fig. d
2007 Symmorium glabrum Ginter; Randon et al., pp. 820, figs. 4 (7)
2009 Squatinactis glabrum Ginter; Hairapetian and Ginter, p. 187, text-fig.
8f
2010 Squatinactis glabrum Ginter; Hairapetian and Ginter, p. 366, fig. 5f

Sz 5 36855 Sl alis & SIFUMAM266.11 & sai 55 5 thwogi =
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ey el adl Cwnd 5y min g Cwledd fob S e Doy 4 s
555 55 5 Sbe OIs &Gl 55 FUMAM209.2 & 505 (G-F JS2) il o
S L Ll ol ok 1S5 0T Caen 33 55 il Ol S 3
Cilsr Sopge 4 i bbbt L balls ol dileds 4Ss 5 il o
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Order Ctenacanthiformes Glikman 1964
Ctenacanthiformes gen. et sp. indet
Fig. 41
Selected synonymy:
2010 Ctenacanthiformes gen. et sp. Indet. Hairapetian and Ginter, p. 363,
fig. 5e
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Order Hybodontiformes (Maisey 1975)
Superfamily Hybodontoidea Zangerl 1981
Family Polyacrodontidae Glikman 1964
Genus Roongodus Hairapetian and Ginter 2009
Type species: Roongodus phijani Hairapetian and Ginter 2009
Roongodus phijani Hairapetian and Ginter 2009
Fig. 4D
Selected synonymy:

2009 Roongodus phijani Hairapetian and Ginter, p. 181, text-fig. Sa—5f
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Family Lonchidiidae Herman 1977
Genus Lissodus Brough 1935
Type species: Hybodus africanus Broom 1909
Lissodus lusavorichi Ginter, Hairapetian and Grigoryan, 2011
Fig. 4E

Selected synonymy:

2002 Lissodus sp. Ginter, Hairapetian and Klug, p. 197, 223, text-fig. 12;
pl. 4, figs. a-c

2011 Lissodus lusavorichi Ginter, Hairapetian and Grigoryan, p. 168, text-
figs. 10e-10f

s (ST 6K 5 Slo (b L JS8 648 (2 51 01k tcduogi —
G155 55 Sled 31 4 gas ol adly L8085 305 (StS o G 4 S e
b 4 0T il Cad 3 eV oS 03 (oomta 5 olons S 4 Slamio

Aled 83 e g olite
u:’JU? Oltaca )l cpany uals s expansa agy e 3l 45; ) 0 S —
L9358 Lol s 45 ol Ol 3, 4> (Ginter et al., 2011) ol ods
Bispathodus aculeatus aculeatus, Bispathodus aculeatus plumulus, _e>\ls
4T ) M243 443 31 Bispathodus stabilis 5 Bispathodus costatus

sl 0T s 4 (Middle-Upper expansa

Order Squatinactiformes Zangerl 1981
Family Squatinactidae Cappetta Duffin and Zidek 1993
Genus Squatinactis Lund and Zangerl 1974

Type species: Squatinactis caudispinatus Lund and Zangerl 1974
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Order Symmoriiformes Zangerl 1981
Family Symmoriidae Dean 1909
Genus Stethacanthus Newberry 1889
Type species: Physonemus altonensis St. John and Worthen, 1875
Stethacanthus resistens Ginter 2002
Fig. 4]

Selected synonymy:
1996 Stethacanthid? Ginter and Ivanov, p. 268, pl. 8, figs. 5¢-5d
2000 Stethacanthus sp. Ginter, p. 377, figs. 7b-7g
2002 Stethacanthus resistens Ginter, p. 331, figs. 2A-2J, p. 332, figs. 3A-
3B, p. 333, figs. 4C-41

S 93 5 (Sle 0I5 S Jols o Sl o K85 615 0 1 2 shnogi —

Figure 5: A-B. Actinopterygian scales, A. occlusal view of FUM#M227.4, sample M230, B. occlusal view of FUM#M230.3,

sample 230, C-G. Actinopterygian scales, C. occlusal view of FUM#M227.3, sample M227, D. occlusal view of
FUM#M220B.7, sample 220B, E. occlusal view of FUM#M227.2, sample M227, F. occlusal view of FUM#M220B.6, sample
M220B, G. occlusal view of FUM#M220B.5, sample M220B; H. Osteichthyan scale, occlusal view of FUM#M202.12,
sample M220; I. Chondrichthyan scale, lateral view of FUM#M220B.8; J-K Acanthodus sp. Wang and Turner 1985,
J. lateral view of FUM#M202.13, sample M202, K. lateral view of FUM#M205.4, sample M205; L. Actinopterygian
denticle, Lateral view of FUM#M227.6, sample M227 (Scale bar= 200 p).
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