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ABSTRACT:

Hairapetian, V. and Ginter, M. 2010. Pelagic chondrichthyan microremains from the Upper Devonian of the

Kale Sardar section, eastern Iran. Acta Geologica Polonica, 60 (3), 357-371. Warszawa.

An assemblage of fifteen taxa of chondrichthyan microremains from late Frasnian through late Famennian pelagic

deposits of the Kale Sardar section, eastern Iran, is described. Several taxa (Phoebodus bifurcatus, Phoebodus

sophiae and Protacrodus vetustus) are reported for the first time from Iran. The presence of Deihim mansureae

and Ph. sophiae in the Late rhenana to linguiformis Zones and Phoebodus rayi in the Early triangularis Zone

of the Kale Sardar section, provides new biostratigraphic information. The late Frasnian part of the assemblage

corresponds to the faunas from the intrashelf basins of Central Europe, and the middle—late Famennian part is

comparable to that from the Tafilalt Platform of Morocco.
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INTRODUCTION

In eastern Iran, Upper Devonian strata are well ex-
posed in the Shotori Range (c. 100 km long), Deren-
jal and Ozbak Kuh Mountains. On the western flank of
the Shotori Range, there is a chaotic set of scattered
hills (numbered as Hills I to V in Becker ef al. 2004)
composed of the Upper Devonian Shishtu Formation.
This formation comprises the famous “cephalopod
beds”, exposed on the northern bank of the Sardar
River. As noted by Becker ef al. (2004) and Wendt et
al. (2005), the “cephalopod beds” are composed of
several horizons ranging from the middle Frasnian to
the late Famennian, variable in lithology. The lower
boundary of the “cephalopod beds” is diachronous, as
its age is late Frasnian in the Kale Sardar and early Fa-
mennian farther south in the Shotori Range (e.g.,
Wendt et al. 1997, 2005; Yazdi 1999). The sampled

section (= Hill IV in Becker et al. 2004) is located c.
22 km east of Tabas (N 33°39°26”; E 57°8°38”; Text-
fig. 1). The succession begins with a series of oolitic
limestones alternating with green shale grading up-
wards into a thin complex of condensed marls, marly
limestones and shales.

As recently stated by Yazdi (1999), Ashouri (2002)
and Wendt et al. (2005), these hills probably represent
a tectonic mélange, rather than olistolites as proposed
by Becker et al. (2004). Following an early report by
Clapp (1940), the outcrops in Kale Sardar were studied
by Stocklin et al. (1965). The horizons at Kale Sardar
are much more fossiliferous than those in the southern
sections of the Shotori Range (e.g., Howz-e-Dorah and
Ghale-Kalaghu). To date, several works have docu-
mented the very rich Upper Devonian faunas, including
ammonoids (Walliser 1966; Becker et al. 2004), bra-
chiopods (Sartenaer 1966; Legrand-Blain 1999), con-
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odonts (Yazdi 1999; Ashouri 2002, 2004; Gholamalian
2007; Gholamalian et al. 2009), crinoids (Webster et al.
2007), receptaculitids (Fliigel 1961) and trilobites (Haas
and Mensink 1970; Haas 1994; Morzadec 2002; Feist et
al. 2003). As yet unconfirmed occurrences of rugose
corals and stromatoporoids were reported from the ves-
tiges of possible Middle Devonian blocks in an over-
thrust zone at Kale Sardar (Mistiaen 2001). Schultze
(1973) described large brachythoracid placoderms,
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Eastmanosteus sp., Aspidichthys cf. ingens, Holonema
sp. cf. H. rugosum and a few indeterminable arthrodire
fragments, all from late Frasnian limestones.

The present paper describes microremains of
pelagic chondrichthyans, collected from eleven hori-
zons in the Upper Frasnian and Famennian of Kale
Sardar (Text-fig. 1, Table 1); an additional sample was
collected from the base of the Niaz section in the Kale
Sardar area (Yazdi 1999, pp. 170-171). The numer-

Alb%‘rz Mountains

Tehran
Tabas,

Esfahan

sandstone

: I sandy limestone C  Chondrichthyans

E C
D C
g ______ H18C | Middle - Late expansa
— —T—T—T—T—
= - 15 ¢
el E=lEl=l= Annulata event bed
p (Becker et al. 2004)
e R T2 C Late trachytera
p e~ C3 At C  Late marginifera - Early trachytera
T T T T1
L I e e e H4 C Lower - Middle crepida
7
""" '8 ™\ C1 At C Early triangularis
o]
©
o
Q
o
©
c <
Q.
© 2 4m
S ~—
= c
o c
o
> S _
o |+
@ ©
Ol K5 At C,S7) Latest rhenana -
| E K5H At C linguiformis
L
olo|©
—
(o [ L
Q| | |
T T
—
2lc
AR
T .-
=|<
wn
[ T T T
ELips
©
& S
¢ s T
fe) N At C  Late rhenana
T~ %
=)

marl S  Sarcopterygians

shale At Actinopterygians

Text-fig. 1. Simplified stratigraphic column of the Kale Sardar section. Maps of Iran show location of the section
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ous associated microremains are scales and bone frag-
ments of sarcopterygians and actinopterygians. The
faunal list of all identified fish taxa from Kale Sardar
is given in Appendix 1.

AGE OF SAMPLES
Late Frasnian

The lowermost of the studied samples (N, Table 1)
contains Icriodus alternatus alternatus, 1. alternatus
mawsonae, Palmatolepis bogartensis, Ancyrodella cur-
vata, Ad. buckeyensis, Anyrognathus triangularis,
Polygnathus evidens, P. politus and P. webbi, suggest-
ing a late Frasnian (Late rhenana Zone ) age (Ghola-
malian 2007, table 2). From the underlying white oolitic
limestone, Yazdi (1999) reported the ammonoid Belo-
ceras tenuistriatum, the index of the Late hassi Zone of
the middle Frasnian. The oolitic limestone changes lat-
erally to a coeval red ferruginous ammonoid-bearing
bed, lacking B. tenuistriatum. Walliser (1966) probably
found Manticoceras ammon at this horizon.

Samples KSH and K5 yielded very rich conodont
assemblages (Gholamalian 2007, table 2, and Table 1
herein). Their characteristic species are: Icriodus al-
ternatus alternatus, I. alternatus helmsi, I. alternatus
mawsonae, Ancyrodella buckeyensis, Anyrognathus
triangularis, Palmatolepis gigas gigas, Pa. winchelli,
Polygnathus aequalis, P. evidens, P. politus, P. pro-
cerus, P. webbi, and P. vachiki. These species indicate
an interval from the Late rhenana to the linguiformis
Zones (Gholamalian 2007) and are entirely consistent

with an earlier conodont dating (Yazdi 1999). The
dominance of polygnathid biofacies species in these
samples suggests a distal shelf or slope palacoenvi-
ronment (Gholamalian 2007).

The thick black and barren shale member between
fossiliferous late Frasnian and earliest Famennian beds
possibly represents the uppermost Frasnian.

Early Famennian

In sample C1 (= sample Cly1 in Gholamalian 2007,
table 2, and Table 1 herein) several conodonts species,
including Palmatolepis aft. perlobata, Icriodus alterna-
tus alternatus, 1. alternatus mawsonae, I. alternatus
helmsi and Polygnathus tenellus suggest the Early #ri-
angularis zone of early Famennian age. The conodont
assemblage from sample H4, represented by Icriodus
alternatus alternatus, 1. alternatus mawsonae, Palma-
tolepis clarki, Pa. minuta loba, Pa. minuta minuta, Pa.
quadrantinodosalobata, Pa. subperlobata, Polygnathus
brevilaminus, P. nodocostatus, P. pseudobrevilaminus
and P, sardarensis indicates the Early to Middle crepida
Zones of the early Famennian (Gholamalian et al. 2009).

Middle Famennian

The conodont assemblage of sample C3 includes
(Table 1) Palmatolepis perlobata schindewolfi, Clyda-
gnathus sp., Polygnathus glaber bilobatus, Bispatho-
dus sp. and Mehlina sp., suggesting the Late margin-
ifera—Early trachytera Zones. Sample T2 is taken from
the marly bed which yielded Bispathodus stabilis,
Palmatolepis gracilis gracilis, Pa. gracilis sigmoidalis,

samples

taxa N KSH K5 ClI H4 C3 T2 TS5 HI8 D E | NI
Phoebodus bifurcatus - 1 1 - - - - - - - - 2
Ph. gothicus gothicus - - - - - 1 1 2 2 - -] 2 8
Ph. rayi - - - 2 - - - - - - - - 2
Ph. sophiae - - 1 - - - - . - - - - 1
Ph. turnerae - - - - - - - - - - - 1 1
Phoebodus spp. - - - - - - - - - 21 2| - 3
Jalodus australiensis - - - - - - - - - - - 1 1
Cladodoides sp. 1 27 32 14 2 - 4 - 1 - - - 81
Squatinactis glabrum - - - - - 1 2 - - - - - 3
Ctenacanthiformes gen. et sp. indet.| - - - 1 - - - - - - - 1
Arduodens flammeus 1 - 3 - - - - - - - - - 4
Protacrodus vetustus - 3 19 - - - - - - - - - 22
Protacrodus spp. - - - - - - - 1 - N 4
Deihim mansureae - - 1 - - - - - - - - - 1
Protacrodontidae gen. et sp. nov. - - - 3 1 - - - - - 1 5

Total (teeth) | 2 31 57 19 4 2 7 3 3 1 2| 8 |139
Chondrichthyan scales - 16 93 19 - - - - - - -

Table 1. Distribution of chondrichthyan teeth in the Upper Devonian of the Kale Sardar section, central Iran
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Pa. rugosa cf. ampla, Pa. perlobata schindewolfi,
Polygnathus communis group, P. nodocostatus, P.
nodoundatus, P. semicostatus, P. subirregularis, Al-
ternognathus beulensis and Icriodus cornutus, sug-
gesting the Late trachytera Zone. Becker et al. (2004)
detected the Annulata event of the uppermost Late tra-
chytera Zone in this marly horizon (Text-fig. 1).

The conodonts of the latest marginifera Zone of
sample N1 (= sample 1 in Yazdi 1999, fig. 6), taken
4.5 metres above the base of the Niaz section, are
composed of Pelekysgnathus inclinatus, Mehlina sp.,
Scaphignathus velifer velifer, S. velifer leptus, Polyg-
nathus communis communis, P. nodocostatus, P.
semicostatus, Palmatolepis glabra glabra, Pa. klap-
peri, Pa. minuta minuta, Pa. perlobata schindwolfi,
Pa. perlobata sigmoida and Pa. wolskae.

Late Famennian

Samples TS5, H18, D and E (Table 1), all occur within
an interval of the Middle—Late expansa Zones, in which
a rich conodont fauna including Bispathodus aculeatus
aculeatus, Bi. costatus, Bi. stabilis, Polygnathus semi-
costatus, P, delicatulus, P. communis group, P. nodocosta-
tus, P. nodoundatus, P. perplexus, Palmatolepis gracilis
gracilis, Pa. gracilis sigmoidalis, Pa. perlobata schinde-
wollfi, Pa. rugosa ampla, Pseudopolygnathus primus, Ps.
brevipennatus, Clydagnathus sp., Mehlina sp., Branmehla
inornata and Pelekysgnathus inclinatus was identified by
Gholamalian ef al. (2009, table 1).

MATERIAL AND METHODS

Calcareous samples were dissolved in a buffered
solution of 10% acetic acid and the residues were pre-
pared by sieves. SEM photographs were taken at the
Institute of Palaeobiology, Polish Academy of Sci-
ences (Warsaw, Poland) using a Philips XL 20. The
chondrichthyan microremains are of grey or very dark
grey colour and are generally well preserved. All of
the specimens described are deposited in the Depart-
ment of Geology, Azad University, Esfahan (AEU).

SYSTEMATIC PALAEONTOLOGY

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838
Order Phoebodontiformes Ginter, Hairapetian and
Klug, 2002
Family Phoebodontidae Williams in Zangerl, 1981
Genus Phoebodus St. John and Worthen, 1875

TYPE SPECIES: Phoebodus sophiae St. John and
Worthen, 1875

Phoebodus sophiae St. John and Worthen, 1875
(Text-fig. 2A)

MATERIAL: One specimen from sample K5, Late
rhenana to linguiformis Zones.

DESCRIPTION AND REMARKS: This is a large
tooth (base width ¢. 3 mm) with a thick and trape-
zoidal base. Its typically phoebodont crown is com-
posed of five cusps, probably smoothed by abrasion;
only a lateral carina separates the labial and lingual
faces (Text-fig. 2A5). The aboral side of the base is
perforated by a few large foramina.

The labio/basal projection is almost split in two
by a median depression (Text-fig. 2As). The button
looks almost bilobed (Text-fig. 2A5_4). A tendency
for splitting of the button, albeit much weaker, can
be observed in the holotype of Ph. sophiae (NMNH
13192, MG personal observation; the original draw-
ing in St. John and Worthen 1875 does not show it)
and also in the material from the Givetian of the Holy
Cross Mountains, Poland (Liszkowski and Racki
1993; figs 3C, D particularly) and Aragonian Pyre-
nees (Ginter ez al. 2008, fig. 2K, M). The presence of
a bilobed button has occasionally been noted from
other phoebodonts, such as Ph. politus (Newberry
1889, pl. 27, figs 27, 28), Ph. bifurcatus (Ivanov
1999, pl. 1, fig. 10a) and Ph. rayi (Ginter and Turner
1999, fig. 4], K).

The tooth of Ph. sophiae from the late Frasnian of
Kale Sardar is stratigraphically the latest known oc-
currence of this species. So late a presence in Iran of
this generally Givetian-early Frasnian form supports
the earlier idea that it was a species of the Ph. sophiae
group which gave rise to Famennian phoebodonts,
rather than any widespread late Frasnian species, such
as Ph. latus or Ph. bifurcatus.

STRATIGRAPHIC RANGE: Givetian (Middle var-
cus Zone) — late Frasnian (Late rhenana to lin-
guiformis Zones).

Phoebodus bifurcatus Ginter and Ivanov, 1992
(Text-figs 2B, 2C)

MATERIAL: One specimen from sample K5H and
one specimen from sample K5, Late rhenana to lin-
guiformis Zones.
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DESCRIPTION AND REMARKS: AEU 678 (Text-
fig. 2B) has horn-like linguo-lateral ends on the base.
In AEU 679 (Text-fig. 2C), a very abraded tooth, the
linguo-lateral corners of a long base appear to have
originally been more expanded than its median part.
The crown is composed of five smooth cusps. If the
smoothness of the cusp surfaces is not only the result
of abrasion, the teeth could represent a juvenile stage
of development (compare Ginter and Ivanov 1992,

figs 5G, H). These are the first illustrated teeth refer-
able to Ph. bifurcatus from North Gondwana.

STRATIGRAPHIC RANGE: Frasnian, rhenana—

lower part of linguiformis Zones.

Phoebodus gothicus gothicus Ginter, 1990
(Text-figs 4G-J)

Text-fig. 2. Late Frasnian chondrichthyan teeth and scales from Kale Sardar. A, C—F from sample K5; B from sample K5H. A — Phoebodus sophiae

St. John and Worthen, 1875, AEU 680, in occlusal (A), labial (A,), lateral (A3), lingual (A4) and basal/labial (As) views. B, C — Phoebodus bifir-

catus Ginter and Ivanov, 1992; B—AEU 678 in occlusal view; C — AEU 679 in occlusal view. D-F — Chondrichthyan scales; D — AEU 681 in crown
view; E — AEU 682 in crown view; F — AEU 683 in crown view. Scale bar for figs B-F equals 0.5 mm (for figs Aj—A5 = 1 mm)
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MATERIAL: One specimen from sample C3 (Late
marginifer—Early trachytera Zones), one specimen
from sample T2 (Late trachytera Zone), two speci-
mens from sample T5 (Middle-Late expansa Zones),
two specimens from sample H18 (Middle—Late ex-
pansa Zones) and two specimens from sample N1
(Latest marginifera Zone).

REMARKS: Most of the specimens studied from
Kale Sardar have a tooth base of the “gothic” outline
(e.g., Text-fig. 4G), resembling the type material
from the Holy Cross Mountains (Poland, Ginter

1990). Two specimens illustrated (Text-figs 4H, 1)
are characterized by a very long and narrow base, re-
sembling specimens from Ostréwka, Poland (Ginter
and Ivanov 1996, fig. 2E) and the Ardennes-Rhenish
Massif, Germany (Hampe and Schindler 2004, pl. 2,
figs 1, 2). A single isolated crown is characterised by
very long intermediate cusplets (Text-fig. 4J). As was
observed by Hairapetian and Ginter (2009), the pre-
dominance of the gothic morphotype of Ph. g. gothi-
cus over the second morphotype, with rounded lin-
gual part, almost always indicates a deeper shelf en-
vironment.

Text-fig. 3. Late Frasnian protacrodonts from Kale Sardar. A-E, G from sample K5; F from sample KSH. A — Deihim mansureae Ginter, Hairapet-

ian and Klug, 2002, AEU 685, in lingual (A ) and labial (A,) views. B-F — Protacrodus vetustus Jaekel, 1921; B — AEU 677 in labial (B;) and lin-

gual (B,) views; C — AEU 675 in lingual (Cy) and labial (C,) views. D — AEU 686 in lingual (D) and labial (D,) views; E — AEU 687 in lingual
(E}), labial (E5) and occlusal (E3) views; F—AEU 676 in lingual (F|) and labial (F;) views. Scale bar equals 0.5 mm
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STRATIGRAPHIC RANGE: From the crepida
through the Early/Middle praesulcata Zones (Ginter et
al. 2002; Hairapetian and Ginter 2009).

Phoebodus rayi Ginter and Turner, 1999
(Text-fig. 4D)

MATERIAL: Two specimens from sample C1, Early
triangularis Zone.

DESCRIPTION AND REMARKS: The figured speci-
men has a pentagonal base and a five-cuspid crown.
The rounded button is located near the lingual rim of
the base and surrounded by a few foramina.

It resembles the original teeth of Ph. rayi from the
crepida Zone of the Canadian Arctic (Ginter and
Turner 1999) in the base shape and the position of the
button.

STRATIGRAPHIC RANGE: The discovery of this
tooth in the Early triangularis Zone of Kale Sardar ex-
tends the lower range of the species. Its last appear-
ance is recorded in the Early or Middle crepida Zone
(Ginter and Turner 1999).

Phoebodus turnerae Ginter and Ivanov, 1992
(Text-fig. 4F)

MATERIAL: One specimen from sample N1, Latest
marginifera Zone.

DESCRIPTION AND REMARKS: The tooth (Text-
fig. 4F) resembles the type specimens from the South
Urals (e.g., Ginter and Ivanov 1992, fig. 8B). The
base is a wide, lingually narrowing pentagon, with a
prominent button close to the lingual rim. There is a
large canal opening, just below the button. Although
these features fit well to the species diagnosis, the
considerable labio-lingual length of the base makes
the tooth also slightly similar to those of Ph. goth-
icus.

STRATIGRAPHIC RANGE: Early to middle Fa-

mennian (Early crepida — Late marginifera Zones).

Family Jalodontidae Ginter, Hairapetian and Klug, 2002
Genus Jalodus Ginter, 1999

TYPE SPECIES: Phoebodus australiensis Long, 1990.

Jalodus australiensis (Long, 1990)
(Text-fig. 4E)

MATERIAL: One specimen from sample N1, Latest
marginifera Zone.

DESCRIPTION: It is characterised by a crown with
three cusps; the central one is smaller (Text-fig. 4E,).
The labial side of one of the lateral cusps is ornamented
with a specific “semilanceolate” pattern; only half of the
cusp has the characteristic lanceolate sculpture and a dis-
tinct crista runs upward on the other half. The central
cusp itself seems to have a stacked lanceolate ornament.
A small, rounded button lies on the weakly developed
base (Text-fig. 4E,). The oral and lateral surfaces of the
base are perforated with several foramina. The labio-
basal projection is short and very prominent.

STRATIGRAPHIC RANGE: Middle Famennian
(Early marginifera Zone) through late Tournaisian
(anchoralis/latus Zone).

Order Ctenacanthiformes Glikman, 1964
Ctenacanthiformes gen. et sp. indet.
(Text-fig. SE)

MATERIAL: One specimen from sample H4 (Early
to Middle crepida Zones).

DESCRIPTION AND REMARKS: The crown of the
specimen (AEU 781, Text-fig. SE) is of cladodont de-
sign, with a high prominent central and four lateral
cusps on one side; the other side is incompletely pre-
served, with only two lateral cusps remaining. The
cusps are ornamented by subparallel strong cristae.
The central cusp becomes very wide at the base and is
elliptical in cross-section. The base is mesio-distally
elongated and seems to be lingually developed, al-
though a large part of the lingual part is missing. The
labio-basal projection is arcuate, and perforated by
two large foramina.

Family Ctenacanthidae Dean, 1909
Genus Cladodoides Maisey, 2001
TYPE SPECIES: Cladodus wildungensis Jaekel, 1921

Cladodoides sp.
(Text-figs SA-E)
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Text-fig. 4. Famennian chondrichthyan teeth from Kale Sardar. A from sample H4; B-D from sample C1; E, F, I from sample N1; G, H from sam-
ple H18; J from sample T5. A—C — Protacrodontidae gen. et sp. nov.; A—AEU 777 in lingual (A1), labial (A), occlusal (A3), basal (A4) and lat-
eral (Aj) views; B — AEU 699 in lingual (B ), labial (B,) and occlusal (B3) views; C — AEU 701 in lingual (C;) and labial (C,) views. D —
Phoebodus rayi Ginter and Turner, 1999, AEU 704, in occlusal view. E —Jalodus australiensis (Long, 1990), AEU 705, in lingual (E;) and labial
(E,) views. F — Phoebodus turnerae Ginter and Ivanov, 1992, AEU 703, in occlusal view. G-J — Phoebodus gothicus gothicus Ginter, 1990; G
—AEU 778 in occlusal (Gy), lingual (G,) and lateral (G3) views; H — AEU 779 in occlusal view; I - AEU 702 in occlusal view. J — AEU 780,

large, well preserved crown, in occlusal (J) and lingual (J,) views. Scale bar equals 0.5 mm
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MATERIAL: Eighty-one specimens from Kale Sardar:
one from sample N (Late rhenana Zone), 27 from sam-
ple K5H and 32 from sample K5 (Late rhenana to lin-
guiformis Zones), 14 from sample C1 (Early
triangularis Zone), 2 from sample H4 (Early to Middle
crepida Zones), 4 from sample T2 (Late trachytera
Zone) and one from sample H18 (Middle—Late expansa
Zones).

DESCRIPTION: The tooth crowns have three main
cusps (central high and two laterally divergent
ones) and two intermediate cusplets ornamented by
a few strong cristae. The mesio-distally elongated
base has a lenticular or subtriangular outline, a dis-
tinct and mesio-distally elongated button and an ar-
cuate labio-basal projection. A few tricuspid teeth
with similar characters were also found (Text-fig.
5A).

STRATIGRAPHIC RANGE: Late Frasnian — Middle
Famennian.

Genus Arduodens Hairapetian and Ginter, 2009

TYPE SPECIES: Arduodens flammeus Hairapetian
and Ginter, 2009

Arduodens flammeus Hairapetian and Ginter, 2009
(Text-fig. 5G)

MATERIAL: Three specimens from sample K5 (Late
rhenana to linguiformis Zones), and one specimen
from sample N (Late rhenana Zone).

DESCRIPTION AND REMARKS: The asymmetri-
cal tooth crown is composed of four, laterally inclined
slender cusps, including a high central main cusp, two
laterals and an intermediate cusplet. The tooth base is
characterized by having a lenticular outline and by
lacking a button.

The teeth of Arduodens flammeus from Kale Sardar
have recently been described, together with the type
material of this species from the Chahriseh section in
central Iran, by Hairapetian and Ginter (2009, text-figs
3B-D). One of these teeth is reillustrated here (AEU
612, Text-fig. 5G).

STRATIGRAPHIC RANGE: Late Frasnian (Late
rhenana to linguiformis Zones) — early Famennian
(Early triangularis Zone) (Hairapetian and Ginter
2009, this work).

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

Squatinactis glabrum (Ginter, 1999)
(Text-fig. 5F)

MATERIAL: One specimen from sample C3 (Late
marginifera—Early trachytera Zones) and two speci-
mens from sample T2 (Late trachytera Zone).

DESCRIPTION: The tooth crown is composed of a
high median cusp and two pairs of much smaller lat-
eral cusps. There are remnants of two labio-basal pro-
jections, corresponding to widely spaced buttons on
the base. In the labio-basal area there is a median con-
cavity beneath the central cusp.

STRATIGRAPHIC RANGE: Middle to late Famennian.

Cohort Euselachii Hay, 1902
Superfamily Protacrodontoidea Zangerl, 1981
Family Protacrodontidae Cappetta, Duffin and

Zidek, 1993

Genus Deihim Ginter, Hairapetian and Klug,
2002

TYPE SPECIES: Deihim mansureae Ginter, Haira-
petian and Klug, 2002

Deihim mansureae Ginter, Hairapetian and Klug,
2002
(Text-fig. 3A)

MATERIAL: One specimen from sample K5, Late
rhenana to linguiformis Zones.

STRATIGRAPHIC RANGE: The specimen from
Kale Sardar is the first definitive occurrence of this
species in the late Frasnian (Late rhenana to lin-
guiformis Zones), thereby extending the known age
range from late Frasnian, Late rhenana — linguiformis
Zones through late Famennian, Early expansa Zone. It
seems to have successfully survived the Frasnian/Fa-
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mennian boundary events, and then dispersed on the
Famennian shallow shelves of Iran.

Genus Protacrodus Jaekel, 1921

TYPE SPECIES: Protacrodus vetustus Jaekel, 1921

Protacrodus vetustus Jaekel, 1921
(Text-figs 3C-F)

MATERIAL: Twenty-two specimens (Late rhenana
to linguiformis Zones): three from sample K5H and
nineteen from sample K5.

DESCRIPTION AND REMARKS: The crown has a
pyramidal to bulbous median cusp and usually three
lateral cusps on each side (e.g., Text-fig. 3C). The
lower parts of the cusps are fused. The central cusp is
prominent, may be oriented ?distally; all cusps are or-
namented by distinct wavy cristae on both the lingual
and labial sides. The base has a short but laterally
elongated lingual extension and is perforated with
canal openings. This is the first record of this species
from Iran.

STRATIGRAPHIC RANGE: Protacrodus vetustus is a
common species in the Frasnian—-Famennian boundary
beds of the areas between Laurussia and NW Gond-
wana (e.g., Germany, Gross 1938; Moravia, Ginter in
Hladil ez al. 1991; South Urals, Ginter and Ivanov 2000;
Poland, Ginter 2002; Morocco, Ginter et al. 2002).

Protacrodontidae gen. et sp. nov.
(Text-figs 4A—C)

MATERIAL: Five specimens: three from sample C1
(Early triangularis Zone), one from H4 (Early to Mid-
dle crepida Zones) and one from N1 (Latest margini-
fera Zone).

DESCRIPTION AND REMARKS: Several specimens
possess a pentacuspid tooth crown with laterally fused,
labio-lingually compressed cusps and intermediate

cusplets, ornamented by strong cristae on the lingual
and labial sides (e.g., Text-fig. 4A). All the cusps are
slightly lingually inclined (Text-fig. 4As). The base is
short lingually, and buttonless. The labio-basal thick-
ening is concave and distinct, bearing a row of foram-
ina. The base is penetrated by numerous foramina.

Similar teeth which share several morphological
features in crown and base with cladodonts and pro-
tacrodonts are also recorded from the Chahriseh sec-
tion, central Iran (Hairapetian and Ginter 2009,
text-figs 2e, f).

There are also some rare teeth in the collections in
which the asymmetrical tooth crown possesses four
cusps only (Text-fig. 4B). The base has an elevated
lingual extension and several foramina ordered in a
row, on both sides of the crown-base interface.

We temporarily refrain from naming this probably
new protacrodontid taxon, due to paucity of material.
It is difficult to ascertain whether the differences be-
tween the individual teeth are due to heterodonty
(which we presume) or whether the specimens de-
scribed herein represent different species.

STRATIGRAPHIC RANGE: Early—middle Famennian
(Early triangularis—Latest marginifera Zones) (Haira-
petian and Ginter 2009, this work).

Chondrichthyan scales
(Text-figs 2D-F)

The ctenacanth-type scales sensu Reif (1978) are
characterised by an elliptical or irregular base with
flat or concave lower surface (Text-figs 2D-F). The
scale crowns have parallel or subparallel odontodes.
These were usually found together with the cte-
nacanthiform “Ctenacanthus” costellatus Traquair,
1884 (Reif 1978), also with Phoebodus rayi (Ginter
and Turner 1999) and Phoebodus fastigatus (Liao et
al. 2007).

PALAEOECOLOGICAL REMARKS

Former records of Upper Devonian chon-
drichthyans from Iran considered only shallow water

Text-fig. 5. Late Frasnian and early Famennian cladodont teeth from Kale Sardar. A, B from sample K5H; C, D, G from sample K5; E from sam-

ple H4; F from sample C3. A-D — Cladodoides sp.; A—AEU 692 in occlusal (A) and labial (A,) views; B —AEU 693 in lingual (B ) and labial

(B,) views; C — AEU 694 in lingual (Cy) and labial (C,) views, D — AEU 695 in lingual (D), occlusal (D,) and labial (D3) views. E — Cte-

nacanthiformes gen. et sp. indet., AEU 781, in labial (E;), occlusal (E,) and lingual (E3) views. F — Squatinactis glabrum (Ginter, 1999), AEU

706, in lingual (F) and occlusal (F,) views. G — Arduodens flammeus Hairapetian and Ginter, 2009 (reillustrated), AEU 612 in lingual (C) and
labial (C,) views. Scale bar equals 0.5 mm
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faunas (e.g., Ginter et al. 2002; Hairapetian et al.
2008; Hairapetian and Ginter 2009). Yazdi and Turner
(2000) presented Upper Devonian fish microremains
(chondrichthyans exclusively from Famennian and
younger strata) from the Howz-e-Dorah section in the
Shotori Range (c. 42 km SE of Kale Sardar; Text-fig. 1).
The conodont biofacies data from Howz-e-Dorah re-
vealed a rather shallow palacoenvironment, whereas
the conodont fauna from Kale Sardar indicated
palmatolepid-polygnathid and polygnathid-bispatho-
did biofacies, characteristic of outer shelf to middle
slope realms (Gholamalian 2007; Gholamalian ef al.
2009). These palaeoenvironmental differences be-
tween Kale Sardar and Howz-e-Dorah were attributed
to a considerably diversified palaeorelief of the de-
positional area, formed in a graben system by the ac-
tivity of N—S-trending faults (Gholamalian et al.
2009).

Indeed, the late Frasnian chondrichthyan palaeo-
community from Kale Sardar indicates conditions of
arelatively deeper shelf setting rather than a deep ma-
rine, far offshore environment. It is composed of five
genera (samples N, K5 and K5H counted together):
Protacrodus (32%), Deihim (2%), Phoebodus (4%),
Cladodoides (54%) and Arduodens (5%). Pro-
tacrodonts, with their crushing teeth, are generally
considered to have been inhabitants of submerged
platforms, full of shelly benthic fauna (see, e.g., Gin-
ter 2001). Such an abundance of protacrodont teeth
precludes really great depths and long distances from
shallow-water areas. The true far offshore late Frasn-
ian facies would probably have yielded more phoe-
bodontids and fewer protacrodontids (compare the late
Frasnian fauna from the Pilot Shale in Confusion
Range, Utah, USA, Turner and Youngquist 1995, Gin-
ter 2008; see also Sandberg et al. 1988).

The high proportion of protacrodonts and
cladodonts (and, in particular, Protacrodus vetustus
and Cladodoides wildungensis) is very similar to the
situation observed in the upper Frasnian of Poland and
Germany. In fact, these two sharks are the only species
found thus far in the classic Kellwasserkalk locality at
Bad Wildungen (Rhenish Slate Mountains; Gross
1938), Kowala and Ptucki (Holy Cross Mountains),
and Debnik (Cracow Upland) (see Ginter 2002). All
the listed Polish localities are considered to represent
intrashelf basinal facies.

The middle—late Famennian part of the Kale Sar-
dar section yielded too few shark teeth for any statis-
tical analysis, which renders the application of the
chondrichthyan biofacies model developed by Ginter
(2000, 2001) impossible. Nevertheless, just the mere
faunal list shows that the assemblage must be similar

to that of the Tafilalt Platform in the Anti-Atlas (Mo-
rocco, Ginter ef al. 2002). It is less diverse than those
from central Iran (e.g., Dalmeh section, Ginter et al.
2002; Chahriseh section, Hairapetian and Ginter
2009), apparently with a strong phoebodont compo-
nent, fewer protacrodonts, no orodonts and crushing
teeth of hybodonts and with the presence of such
deeper-water forms as Squatinactis glabrum and Jalo-
dus australiensis. Slightly confusing is the total ab-
sence of Thrinacodus tranquillus, the common late
Famennian phoebodontid occurring both in Tafilalt
and central Iran, but this is perhaps the result of the
low number of specimens collected. While comparing
assemblages from the two North Gondwanan regions,
Ginter et al. (2002, p. 212) concluded that there were
“close connections between the Tafilalt Platform and
the open intercontinental sea”, but “large distance be-
tween central Iran and deeper marine areas”. Appar-
ently, the same can be said when the two Iranian
sections, Kale Sardar and Dalmeh, are compared. The
former probably represents deeper environments with
better connections to the ocean, and the latter belongs
to the typical proximal shelf.

Acknowledgments

We are very grateful to Dr. Hossein Gholamalian (Uni-
versity of Hormozgan, Bandar Abas) for assistance with
fieldwork and laboratory preparation. VH received consid-
erable help from Arsine Gharibian (Esfahan) in the prepara-
tion of the digital plates. Thanks are due to Dr. Cyprian
Kulicki (Institute of Palacobiology, Warsaw) for help with
SEM photography. We are grateful to Dr. Alexander Ivanov
(St. Petersburg) and an anonymous reviewer for their in-
sightful reviews.

REFERENCES

Ashouri, A.R. 2002. Palmatolepis (Conodonta, Late Devon-
ian) from the Tabas region, Eastern Iran. /ranian Interna-
tional Journal of Science, 3, 187-220.

Ashouri, A.R. 2004. Late Devonian and Middle-Late Devon-
ian conodonts from eastern and northern Iran. Revista Es-
panola de Micropaleontologia, 3, 355-365.

Becker, R.T., Ashouri, A.R. and Yazdi, M. 2004. The Upper
Devonian Annulata Event in the Shotori Range (eastern
Iran). Neues Jahrbuch fiir Geologie und Paldontologie,
Abhandlungen, 231, 119-143.

Bonaparte, C. 1838. Introduzione alla Classie IV. Pesci. Icono-
grafia della Fauna Italica per le quattro Classi degli Ani-
mali Vertebrati. Vol. 3, 16 pp. Salviucci; Rome.



369

PELAGIC CHONDRICHTHYANS FROM THE DEVONIAN OF IRAN

Cappetta, H., Duffin, C. and Zidek, J. 1993. Chondrichthyes.
In: Benton, M.J. (Ed.), The Fossil Record 2, 593-609.
Chapman and Hall; London.

Clapp, F.G. 1940. Geology of eastern Iran. Bulletin of the Geo-
logical Society of America, 51, 1-102.

Dean, B. 1909. Studies on fossil fishes (sharks, chimaeroids
and arthrodires). Memoirs of the American Museum of
Natural History, Part V, 9, 211-287.

Feist, R., Yazdi, M. and Becker, T. 2003. Famennian trilobites
from the Shotori Range, E-Iran. Annales de la Société
géologique du Nord, 10 (2° série), 285-295.

Fliigel, H.-W. 1961. Receptaculites neptuni Deft. 1827 from the
Upper Devonian Kuh-i-Shotori, east Iran. Bulletin of the
Iranian Petroleum Institute, 4, 75-81.

Gholamalian, H. 2007. Conodont biostratigraphy of the Frasn-
ian—Famennian boundary in the Esfahan and Tabas areas,
Central Iran. Geological Quarterly, 51, 453-476.

Gholamalian, H., Ghorbani, M. and Sajadi, S.-H. 2009. Fa-
mennian conodonts from Kal-e-Sardar section, Eastern
Tabas, Central Iran. Rivista Italiana di Paleontologia e
Stratigrafia, 115, 141-158.

Ginter, M. 1990. Late Famennian shark teeth from the Holy
Cross Mts, Central Poland. Acta Geologica Polonica, 40,
69-81.

Ginter, M. 1999. Famennian — Tournaisian chondrichthyan
microremains from the eastern Thuringian Slate Moun-
tains. Abhandlungen und Berichte fiir Naturkunde, 21,
25-47.

Ginter, M. 2000. Late Famennian pelagic shark assemblages.
Acta Geologica Polonica, 50, 369-386.

Ginter, M. 2001. Chondrichthyan biofacies in the late Fa-
mennian of Utah and Nevada. Journal of Vertebrate Pa-
leontology, 21, 714-729.

Ginter, M. 2002. Chondrichthyan fauna of the Frasnian-Fa-
mennian boundary beds in Poland. Acta Palaeontologica
Polonica, 47, 329-338.

Ginter, M. 2008. Devonian filter-feeding sharks. Acta Geo-
logica Polonica, 58, 147-153.

Ginter, M. and Ivanov, A. 1992. Devonian phoebodont shark
teeth. Acta Palaeontologica Polonica, 37, 55-75.

Ginter, M. and Ivanov, A. 1996. Relationships of Phoebodus.
Modern Geology, 20, 263-274.

Ginter, M. and Ivanov, A. 2000. Stratigraphic distribution of
chondrichthyans in the Devonian on the East European
Platform margin. Courier Forschungsinstitut Sencken-
berg, 223, 325-3309.

Ginter, M. and Turner, S. 1999. The early Famennian recov-
ery of phoebodont sharks. Acta Geologica Polonica, 49,
105-117.

Ginter, M., Hairapetian, V. and Klug, C. 2002. Famennian
chondrichthyans from the shelves of North Gondwana.
Acta Geologica Polonica, 52, 169-215.

Ginter, M., Liao, J-C. and Valenzuela-Rios, J.-I. 2008. New

data on chondrichthyan microremains from the Givetian of
the Renanué section in the Aragonian Pyrenees (Spain).
Acta Geologica Polonica, 58, 165-172.

Glikman L.S. 1964. Subclass Elasmobranchii. Sharks. In:
Obruchev, D.W. (Ed.), Osnovy paleontologii, 196-237.
Nauka; Moscow. [In Russian]

Gross, W. 1938. Das Kopfskelett von Cladodus wildungensis
Jackel. Part 2: Der Kieferbogen. Anhang: Protacrodus ve-
tustus Jaekel. Senckenbergiana, 20, 123—145.

Haas, W. 1994. Eine neue Asteropyginae-Art mit vier Seiten-
stacheln und die Bedeutung der Zufallszahlen in der Mor-
phogenese des Pygidiums der Trilobiten. Courier For-
schungsinstitut Senckenberg, 169, 225-238.

Haas, W. and Mensink, H. 1970. Asteropyginae aus Afghanistan
(Trilobita). Akademie der Wissenschafien und der Literatur;
Mainz, Mathematisch-Naturwissenschafilichen Klasse, Ab-
handlungen, 1969, 155-211.

Hairapetian, V. 2008. Late Devonian — Early Carboniferous
fish micro-remains from central Iran. Unpublished Ph.D.
thesis. University of Esfahan, Esfahan. 244 pp.

Hairapetian, V. and Ginter, M. 2009. Famennian chon-
drichthyan remains from the Chahriseh section, central
Iran. Acta Geologica Polonica, 59, 173-200.

Hairapetian, V., Ginter, M. and Yazdi, M. 2008. Early Fras-
nian sharks from central Iran. Acta Geologica Polonica,
58, 173-179.

Hampe, O. and Schindler, T. 2004. Late Famennian fish re-
mains from the Refrath 1 Borehole (Bergisch Glad-
bach-Paffrath Syncline; Ardennes-Rhenish Massif,
Germany). Courier Forschungsinstitut Senckenberg,
251, 267-289.

Hay, O.P. 1902. Bibliography and catalogue of the fossil ver-
tebrata of North America. US Geological Survey Bulletin,
179, 1-868.

Hladil, J., Krejci, Z., Kalvoda, J., Ginter, M., Galle, A. and
Berousek, P. 1991. Carbonate ramp environment of Kell-
wasser time-interval (Lesni Lom, Moravia, Czechoslo-
vakia). Bulletin de la Société Belge de Géologie, 100,
74-76.

Huxley, T.H. 1880. A manual of the anatomy of vertebrated
animals, 431 pp. D. Appleton; New York, NY.

Ivanov, A. 1999. Late Devonian — Early Permian chon-
drichthyans of the Russian Arctic. Acta Geologica
Polonica, 49, 267-285.

Jaekel, O. 1921. Die Stellung der Paldontologie zu einigen
Problemen der Biologie und Phylogenie. 2. Schéidelprob-
leme. Paldontologische Zeitschrift, 3, 213-239.

Legrand-Blain, M. 1999. A Frasnian productid brachiopod
fauna from Kale Sardar, Tabas region, eastern Iran. So-
cieté Géologique du Nord, Annales, T (2°™ série), 13—
19.

Liao, J.-C., Ginter, M. and Valenzuela-Rios, J.I. 2007. Chon-
drichthyan microremains from the Givetian of the Ara-



370

VACHIK HAIRAPETIANAND MICHAL GINTER

gonian Pyrenees (Spain). Bulletin de la Société
Géologique de France, 178, 171-178.

Liszkowski, J. and Racki, G. 1993. Ichthyoliths and deepening
event in the Devonian platform of the Holy Cross Moun-
tains. Acta Palaeontologica Polonica, 37, 407-426.

Long, J.A. 1990. Late Devonian chondrichthyans and other
microvertebrate remains from northern Thailand. Journal
of Vertebrate Paleontology, 10, 59-71.

Lund, R. and Zangerl, R. 1974. Squatinactis caudispinatus, a
new elasmobranch from the Upper Mississippian of Mon-
tana. Annals of Carnegie Museum, 45, 43-54.

Maisey, J.G. 2001. CT-scan reveals new cranial features in De-
vonian chondrichthyan “Cladodus” wildungensis. Journal
of Vertebrate Palaeontology, 21, 807-810.

Mistiaen, B. 2001. Devonian stromatoporoids and other reef
organisms from Kal-e-Sardar (Shotori Range, Iran). Bios-
tratigraphic and paleogeobiogeographic implications. In:
Yolkin, E., Talent, J.A., and Webby, B.D. (Eds), Contri-
butions to Siberian IGCP 410/421 Joint Meeting. Ab-
stracts, 102—103. Siberia.

Morzadec, P. 2002. Trilobites Asteropyginae dévoniens d’Iran.
Geobios, 35,411-427.

Newberry, J.S. 1889. The Paleozoic fishes of North America.
U.S. Geological Survey, Monograph, 16, 1-340.

Reif, W.-E. 1978. Types of morphogenesis of the dermal skele-
ton in fossil sharks. (Konstruktionsmorphologie, Nr. 89).
Paldontologische Zeitschrift, 52, 110-128.

Sandberg, C.A., Poole F.G. and Johnson, J.G. 1988. Upper De-
vonian of Western United States. In: N.J. McMillan, A.F.
Embry and D.J. Glass (Eds), Devonian of the world. Pro-
ceedings of the Second International Symposium on the
Devonian System, Calgary 1987. Volume I: Regional syn-
theses. Canadian Society of Petroleum Geologists, Me-
moir, 14, 183-202.

Sartenaer, P. 1966. Frasnian Rhynchonellida from the Ozbak-
Kuh and Tabas regions (East Iran). Geological Survey of
Iran, Report, 6,25-53.

Schultze, H.-P. 1973. Large Upper Devonian arthrodires from
Iran. Fieldiana Geology, 23, 53-78.

Manuscript submitted. 15" July 2009
Revised version accepted: 20" May 2010

St. John, O. and Worthen, A.H. 1875. Description of fossil
fishes. Geological Survey of Illinois, Paleontology, 6,245—
488.

Stocklin, J., Eftekhar-Nezhad, J. and Hushmand-Zadeh, A.
1965. Geology of the Shotori Range (Tabas area, east
Iran). Geological Survey of Iran, Reports, 3, 1-69.

Traquair, R.H. 1884. Description of a fossil shark (Ctenacan-
thus costellatus). Geological Magazine (3" ser.), 3, 3-8.

Turner, S. and Youngquist, W. 1995. Late Devonian phoe-
bodont (Pisces: Chondrichthyes) from the Confusion
Range, Utah. Geobios, Mémoire Spécial, 19, 389—
392.

Walliser, O.H. 1966. Preliminary notes on Devonian, Lower
and Upper Carboniferous goniatites in Iran. Geological
Survey of Iran, Reports, 6, 7-24.

Webster, G.D., Maples, C.G. and Yazdi, M. 2007. Late De-
vonian and Early Mississippian echinoderms from central
and northern Iran. Journal of Paleontology, 81, 1101—
1113.

Wendt, J., Hayer, J. and Karimi Bavandpour, A. 1997. Stratig-
raphy and depositional environment of Devonian sedi-
ments in northeast and east-central Iran. Neues Jahrbuch
fiir Geologie und Paldontologie, Abhandlungen, 206,
277-322.

Wendt, J., Kaufmann, B., Belka, Z., Farsan, N., and Karimi
Bavandpur, A. 2005. Devonian/Lower Carboniferous
stratigraphy, facies patterns and palacogeography of Iran.
Part II. Northern and central Iran. Acta Geologica
Polonica, 55, 31-97.

Yazdi, M. 1999. Late Devonian-Carboniferous conodonts from
eastern Iran. Rivista Italiana di Paleontologia e Strati-
grafia, 105, 167-200.

Yazdi, M. and Turner, S. 2000. Late Devonian and Carboni-
ferous vertebrates from the Shishtu and Sardar Formations
of the Shotori Range, Iran. Records of the Western Aus-
tralian Museum, Supplement, 58, 223-240.

Zangerl, R. 1981. Paleozoic Elasmobranchii. In: Schultze, H.-
P. (Ed.), Handbook of Paleoichthyology 3A, pp. 1-115.
Gustav-Fischer; Stuttgart — New York.



371
PELAGIC CHONDRICHTHYANS FROM THE DEVONIAN OF IRAN

Appendix 1.
Upper Devonian fish fauna from the Kale Sardar section (*; macro-remains).

Placodermi (Schultze 1973)
Aspidichthys cf. ingens Koenen, 1883 *
Holonema cf. H. rugosum Claypole, 1883 *
Eastmanosteus sp. *

Chondrichthyes (Hairapetian and Ginter 2009; this work)
Protacrodus vetustus Jaekel, 1921
Protacrodus spp.
Deihim mansureae Ginter, Hairapetian and Klug, 2002
Phoebodus sophiae St. John and Worthen, 1875
Phoebodus bifurcatus Ginter and Ivanov, 1992
Phoebodus gothicus gothicus Ginter, 1990
Phoebodus turnerae Ginter and Ivanov, 1992
Phoebodus rayi Ginter and Turner, 1999
Phoebodus spp. indet.
Jalodus australiensis (Long, 1990)
Cladodoides sp.
Squatinactis glabrum (Ginter, 1999)
Ctenacanthiformes gen. et sp. indet.
Arduodens flammeus Hairapetian and Ginter, 2009
Protacrodontidae gen. et sp. nov.

Actinopterygii (Hairapetian 2008)
Moythomasia durgaringa Gardiner and Bartram, 1977
Palaconisciformes gen. et sp. indet.

Sarcopterygii (Hairapetian 2008)
Sarcopterygii gen. et sp. indet.



