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Abstract: A small ammonoid assemblage from Carboniferous-Permian boundary strata of Kuh-e-
Bagh-e-Vang in the Tabas region (east-central Iran) is reported. The new species Agathiceras irani-
cum KoRN & GHADERI n. sp. and Eoasianites baghevangensis KORN & GHADERI n. sp. are described.
Ammonoids from Frasnian to Early Permian age occur in a conglomerate unit near the base of the
Jamal Formation and indicate deep erosion and reworking in the basin.
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1. Introduction

The area around Tabas (east-central Iran) is remark-
able for its excellent exposures of a long stratigraphic
sequence, ranging from the younger Proterozoic to the
Neogene (STOCKLIN etal. 1965; RUTTNER etal. 1968).
Despite this long sedimentary succession, fossil ceph-
alopods have been reported in this area from only a few
strata, (1) from the Middle Ordovician Shirgesht For-
mation of the Derenjal Mountains (Evans etal. 2013),
(2) from the Late Devonian Shishtu Formation of the
Shotori Range (STOCKLIN etal. 1965; WALLISER 1966;
BECKER etal. 2004; ASHOURI & YAMINI 2006; HAIRA-
PETIAN & KORN 2011; Korn etal. 2019), (3) from the
Early Carboniferous lower part of the Sardar Forma-
tion of the Ozbak-Kuh range (WALLISER 1966), (4) the
Late Carboniferous upper part of the Sardar Formation
of the Shotori Range (WALLISER 1966), (5) the Late
Carboniferous Sardar Formation at Kuh-e-Shesh An-
gosht (HAIRAPETIAN etal. 2006; Barint etal. 2015)
and (6) the Early Permian part of the Jamal Formation
at Kuh-e-Bagh-e-Vang (taxa list provided by WALLIs-
ER in RUTTNER etal. 1968).
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The section at Kuh-e-Bagh-e-Vang was measured
and sampled by the authors during a field visit in 2015.
A small suite of ammonoids was recovered, comple-
menting earlier collections by JoBstT WENDT (Tiibin-
gen). WALLISER already provided a list published by
RUTTNER etal. (1968) with eight ammonoid families
from the lower range of the Bagh-e-Vang Member
and regarded this assemblage as Sakmarian in age. In
the following we describe a small assemblage of am-
monoids from the Carboniferous-Permian boundary.
Although the material cannot be clearly stratigraphi-
cally assigned because it is either a surface collection
or is from components from the conglomerate, it can
contribute to the understanding of the distribution of
ammonoids from this time interval.

2. The section at Kuh-e-Bagh-e-Vang

Kuh-e-Bagh-e-Vang is located 45 km north-northwest
of Tabas and forms a solid ridge that emerges from the
plain over an extension of about 1.5 kilometres (Fig. 1).
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Fig. 1. The geographic position of the Kuh-e-Bagh-e-Vang
section in the region of Tabas.

The section first described by RUTTNER etal. (1968) is
exposed on the north-western flank of the steep ridge;
it comprises the uppermost part of the Carboniferous
Sardar Formation, the entire Permian Jamal Formation
and the lower part of the Triassic Sorkh Shale.
RUTTNER etal. (1968) measured a thickness of
293 metres for the Jamal Formation at Kuh-e-Bagh-e-
Vang; they separated a lower part (58 m thick), which
consists mainly of shales and grey bioclastic lime-
stones, with a conglomerate at its base, and an upper
part, which is built up almost exclusively by bedded
micritic limestones and dolomites. In their section
logs, hey drew the boundary between the Sardar For-
mation and the Jamal Formation at the lithological
change from silty shales to carbonates, following an
earlier definition at the type locality of the Jamal For-
mation in the Shotori Range (STOCKLIN etal. 1965).
In subsequent articles, the lower part was referred to
as the Bagh-e-Vang Formation (PARTOAZAR 1995) or
Bagh-e-Vang Member (e.g., LEVEN & VAZIRI MOGH-
ADDAM 2004). Different interpretations have been
expressed regarding the contact between the Sardar
Formation and the Jamal Formation. Whereas some
workers (RUTTNER etal. 1968) did not recognise any
angular unconformity, others assumed a transgressive
overlay (VuoLro 2015) or a clear disconformity (ARE-
FIFARD & ISAACSON 2011; PARTOAZAR etal. 2014). The
general facies, carbonate microfacies and palacoenvi-
ronmental setting has been outlined in the last years

(SOTOUHAIN & RANJBARAN 2014; AGHAJANI & ALEALI
2019; YEGANE etal. 2021).

The biostratigraphic attribution and subdivision of
the Bagh-e-Vang section is based almost exclusively
on the study of foraminifera (LEVEN & VAZIRI MOGH-
ADDAM 2004; DAVYDOV & AREFIFARD 2007; LEVEN &
GORGII 2011; PARTOAZAR etal. 2014, PARTOAZAR et al.
2017; SHArAHI etal. 2020). Most of these studies pos-
tulated a Late Early Permian (Bolorian = early Kun-
gurian) age for the entire Bagh-e-Vang Member, but
ParTOAZAR etal. (2014, 2017) suggested a Middle
Permian (Murgabian = Roadian) age. After a compar-
ison of the stratigraphic successions of foraminifera
and conodonts, LEVEN etal. (2007) concluded that the
lowest sample of the Bagh-e-Vang Member belongs
to the Yakhtashian (= Artinskian) and those follow-
ing above to the Bolorian. According to their study,
the Kubergandinian (late Kungurian) begins in the up-
permost part of the Bagh-e-Vang Member. However,
it must be said that in some samples only fragments
were found that were identified in open nomenclature.

By studying conodonts more intensively, VuoLO
(2015) arrived at results that deviated from the fora-
minifera stratigraphy. According to conodonts, the
basal seven metres of the Bagh-e-Vang Member has a
Sakmarian age.

The section at Bagh-e-Vang has been known for its
fossil richness since its first description. Among the
fossil groups described, illustrated and discussed are
the corals (FLUGEL 1972; Niko etal. 2018; ATAEI etal.
2019), brachiopods (VuoLo 2015), bryozoans (ERNST
etal. 2006), sponges (SENOWBARI-DARYAN et al. 2005),
algae (SENOWBARI-DARYAN & RasHIDI 2010; Par-
TOAZAR etal. 2017), and problematica (SENOWBARI-
DaARrYAN & RasHIDI 2011).

We investigated four parallel sections of the bound-
ary between the Sardar Formation and the Jamal
Formation on the northwest flank of Kuh-e-Bagh-e-
Vang (Fig. 2). They start with silty shales of the upper
Sardar Formation (unit 1 in Fig. 2), from which the
paratype specimen of Agathiceras iranicum KORN &
GHADERI n. sp. was surface-collected. RUTTNER et al.
(1968: 59) stated that “the uppermost beds of the
Sardar Formation are Early Permian age, as proved by
brachiopods collected in the Sardar Formation on both
sides of Kuh-e-Shesh Angosht”. However, this age de-
termination requires confirmation.

This unit is overlain by the Jamal Formation be-
ginning with a conspicuous unit up to 1.50m thick,
consisting of several beds of a herringbone-laminated
calcarenite (unit 2). This is followed by a unit up to
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Fig. 2. Four parallel sections of the contact between the Sardar Formation and the Jamal Formation at Kuh-e-Bagh-e-Vang.

2.10m thick of greenish to reddish shales with up to
ten nodular micritic limestone layers (unit 3). Accord-
ing to the lithology, this is probably the horizon from
where the specimens of Eoasianites baghevangensis
KORN & GHADERI n. sp. originate.

The striking lateral differences in thickness and
composition of this unit is probably caused by an ero-
sive contact of the following conglomerate bed (unit 4).
This compact conglomerate bed, which was regarded
by PARTOAZAR etal. (2014) as the base of the Jamal
Formation, reaches a thickness of four metres and has
a carbonatic matrix. It contains preferably carbonate
components with a wide range of lithologies; many of
these yielded fossils (corals, brachiopods, bryozoans,
echinoderms, bivalves, gastropods, ammonoids). Most

of the ammonoid specimens seem to have the same
stratigraphic age (Early Permian). However, consid-
erably older fragments were also collected, such as a
phragmocone chamber of a gephuroceratid (Frasnian)
and a possible Carboniferous prolecanitid. Above the
conglomerate, 5.50 metres of grey and reddish shales
follow (unit 5).

3. Systematic palaeontology (DK, AG)

The descriptive part follows the key for the description
of Palaeozoic ammonoid species (Fig. 3), published
by Korn (2010) and KLuG etal. (2015). Sutural ter-
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Fig. 3. Dimensions obtained from an ammonoid conch and
explanation of whorl expansion rate and imprint zone rate as
used in the systematic descriptions.

minology follows Korn etal. (2003). The specimens
are reposited in the Museum fiir Naturkunde, Berlin
(MB.C. prefix) and the Ferdowsi University of Mash-
had (FUM prefix).

Order Goniatitida HyarT, 1884
Suborder Goniatitina HyarT, 1884
Superfamily Goniatitoidea DE HAAN, 1825
Family Agathiceratidae v. ARTHABER, 1911

Genus Agathiceras GEMMELLARO, 1887

Agathiceras iranicum KORN & GHADERI 1. sp.
Figs. 4,5

Etymology: After the type locality in Iran.

Holotype: Specimen MB.C.8198 (WENDT 1998 Coll.), il-
lustrated in Fig. 4A.

Type locality and horizon: Kuh-e-Bagh-e-Vang (45km
NNW of Tabas, east-central Iran n); probably top of the
Sardar Formation (latest Carboniferous).

Material: Two specimens, the holotype and paratype
MB.C.30290.

Diagnosis: Species of the genus Agathiceras with
thinly pachyconic, almost completely involute conch
(ww/dm = 0.60-0.70; uw/dm = 0.05); coiling rate moderate
(WER = 1.85). Shell with linear internal thickenings. Suture
line with prongs of the external lobe and branches of the
adventive lobe similarly shaped, being strongly pouched and
subacute at the base. The median saddle attains three quar-
ters of the external lobe depth.

Description: Holotype MB.C.8198 is a rather well-
preserved, limonitic specimen with 19 mm conch diame-
ter; it is fully septate and does not show traces of the shell
(Fig. 4A). The conch is thinly pachyconic (ww/dm = 0.70)
with an almost closed umbilicus; the whorl profile is
horseshoe-shaped and depressed ventrally (ww/wh = 1.26).
The coiling rate is moderately high (WER = 1.85). The spec-
imen possesses four constrictions of the internal mould on
the last whorl; they are arranged in angles slightly less or
more than 90 degrees. These constrictions extend almost lin-
early across flanks and venter.

The suture line of the holotype shows four similar-
ly shaped lobes (E, prong, trifid A lobe), all of which are
strongly pouched and have a pointed base (Fig. 5). Only the
E, prong is slightly blunt and weakly asymmetric, while the
three branches of the adventive lobe are almost symmetric.
The median saddle reaches 80 % the height in the E lobe.

Paratype MB.C.30290 has 27.5 mm diameter and is slen-
derer (ww/dm = 0.62) than the holotype. It also shows linear
steinkern constrictions (Fig. 4B).

Discussion: There are two morphological trends in the
evolution of the genus Agathiceras; (1) the elevation of the
median saddle in the external lobe and (2) the rounding of
the three prongs of the adventitious lobe. Most Permian spe-
cies, for example, show a median saddle that rises almost
as high as the depth of the external lobe; in some species
it even protrudes from the external lobe (e.g., A. mediter-
raneum TOUMANSKY, 1949). The prongs of the adventitious
lobe are drop-shaped with a broadly rounded base in almost
all Permian species such as A. suessi GEMMELLARO, 1887
and A. uralicum (KARPINSKY, 1874). The new species dif-
fers from most of these species in the pointed external and
prongs of the adventive lobes.

Table 1. Conch dimensions (in mm) and ratios of selected specimens of Agathiceras iranicum KORN & GHADERI n. sp.

dm ww wh uw ah

ww/dm ww/wh uw/dm WER I1ZW

MB.C.8198 19.3 13.6 10.8 09 5.1 0.70
MB.C.30290 27.4 169 148 1.0 7.3 0.62

1.26
1.14

0.05
0.04

1.85 0.53
1.86 0.51
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Fig. 4. Agathiceras iranicum KorRN & GHADERI n. sp. from Kuh-e-Bagh-e-Vang. A — Holotype MB.C.8198 (WENDT 1998

Coll.). B — Paratype MB.C.30290. Scale bar units = 1 mm.

A

Fig. 5. Agathiceras iranicum KORN & GHADERI 1. sp. from
Kuh-e-Bagh-e-Vang, suture line of holotype MB.C.8198,
at 19.0mm dm, 13.5mm ww, 10.5mm wh. Scale bar
units = [ mm.

Agathiceras iranicum is therefore more similar to the
Carboniferous or earliest Permian species of Agathiceras.
Of these species from near the Carboniferous-Permian
boundary, A. vulgatum RUZHENCEV, 1978 has a similar su-
ture line, but the lobes are narrower and much less pouched.
A. frechi BOSE, 1917 also has a similar suture line and conch
proportions resembling the new species, but it differs in the
much wider external lobe, whose prongs are much wider
than the three branches of the adventive lobe. These are of
equal length in A. iranicum.

The paratype of the new species was found as a surface
collection in the upper Sardar Formation. Even if a displace-
ment from younger, carbonate strata cannot be completely
excluded, an origin of the specimen in limonitic preserva-
tion from the shales of the Sardar Formation is considerably
more probable. The stratigraphic age of this section is latest
Carboniferous or earliest Permian (RUTTNER et al. 1968).

Superfamily Neoicoceratoidea Hyart, 1900
Family Neoicoceratidae Hyart, 1900

Genus Foasianites RUZHENCEY, 1933

Eoasianites baghevangensis KORN & GHADERI 1. sp.
Figs. 6,7

Etymology: After the type locality.

Holotype: Specimen MB.C.8197 (WenDT 1998 Coll.), il-
lustrated in Fig. 6.

Type locality and horizon: Kuh-e-Bagh-e-Vang (45km
NNW of Tabas, east-central Iran); Jamal Formation, prob-
ably base of the Bagh-e-Vang Member (probably Asselian
or Sakmarian).

Material: Two specimens, the holotype and paratype
FUM#BV.A4 (with nearly 100 mm conch diameter).

Diagnosis: Species of the genus Eoasianites with thickly
discoidal, subevolute conch (ww/dm ~ 0.50; uw/dm ~ 0.35);
coiling rate moderate (WER ~ 1.65). Whorl profile crescent-
shaped with subangular umbilical margin. Shell with spi-
ral lines around the umbilicus. Suture line with strongly
pouched prongs of the external lobe and strongly pouched
adventive lobe.

Description: Holotype MB.C.8197 is a well-preserved,
largely exfoliated specimen with 67mm conch diameter
(Fig. 6); three quarters of the last preserved whorl belong to
the body chamber. The conch is thickly discoidal and subev-
olute (ww/dm = 0.50; uw/dm = 0.37) with a depressed whorl
profile (ww/wh = 1.37) and a low coiling rate (WER = 1.64).
The whorl profile is crescent-shaped with a convex umbil-
ical wall, a rounded umbilical margin and broadly round-
ed flanks, which continue into the broadly rounded venter.
Shell remains are present at some places, they show lamellar
growth lines on the flank. Five coarse spiral lines are visible
on the umbilical margin, of which the middle ones are more
pronounced than the outer ones.

The suture line of the holotype is characterised by strongly
curved flanks of saddles and lobes (Fig. 7). The external lobe
has a width/depth ratio of 0.80; it possesses rather strongly
pouched prongs and a median saddle that is raised to nearly
0.65 of the lobe depth. The external lobe has 1.5 times the
width of the slightly asymmetric, strongly pouched adven-
tive lobe. The ventrolateral saddle, which is constricted in
the middle part and inflated in the upper part, has a narrowly
rounded top; the saddle has the same with like the adventive
lobe.

Discussion: The strongly pouched external and adventive
lobes of the new species allow a clear separation from all
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Table 2. Conch dimensions (in mm) and ratios of selected specimens of Foasianites baghevangensis KORN & GHADE-

RI 1. S.

dm ww wh uw ah

ww/dm ww/wh uw/dm WER I1ZW

MB.C.8197 67.2 33.4 243 24.6 14.8 0.50
53.5 28.7 19.8 19.6 - 0.54

1.37
1.45

0.37
0.37 - -

1.64 0.39

Fig. 6. Foasianites baghevangensis KORN & GHADERI n.sp. from Kuh-e-Bagh-e-Vang. Holotype MB.C.8197 (WENDT

1998 Coll.). Scale bar units = I mm.

Fig. 7. Eoasianites baghevangensis KORN & GHADE-
RI n.sp. from Kuh-e-Bagh-e-Vang, suture line of holo-
type MB.C.8197, at 27.5mm ww, 18.0mm wh. Scale bar
units = | mm.

of the other, stratigraphically older (Carboniferous) species
of the genus, which possess subparallel flanks (e.g., Ru-
ZHENCEV 1950). Among those with a similar suture line, i.e.
stratigraphically younger (Permian) species, E. grandis Ru-
ZHENCEYV, 1978 shows some similarity, but that species has,
at a conch diameter of 67 mm, a wider conch (ww/dm = 0.60
in contrast to 0.50 in E. baghevangensis) and a wider umbi-
licus (uw/dm = 0.50 in contrast to 0.37).

E. stenus RUZHENCEV, 1978 has a similar conch width,
but a wider umbilicus (uw/dm = 0.44 at 77 mm dm) and a
more pronounced, subangular umbilical margin. Constric-
tions of the internal mould are present in E. stenus but absent
in E. baghevangensis.

Order Prolecanitida MILLER & FURNISH, 1954
Suborder Prolecanitina MILLER & FURNISH, 1954
Superfamily Medlicottioidea KARPINSKY, 1889
Family Medlicottiidae KARPINSKY, 1889

Genus Synartinskia RUZHENCEY, 1939

Synartinskia sp.
Figs. 8,9

Material: Eleven specimens from limestone pebbles in the
conglomerate (unit 4).

Description: The most complete individual is the fully sep-
tate, corroded specimen MB.C.30290, 48 mm in diameter
(Fig. 8A). It is thinly discoidal with flattened flanks and an
almost closed umbilicus. The venter is strongly corroded
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Fig. 8. Synartinskia sp. from the basal conglomerate of the Jamal Formation at Kuh-e-Bagh-e-Vang. A — Specimen
MB.C.30290. B — Specimen FUM#BV.AS. Scale bar units = 1 mm.

_— C

Fig. 9. Synartinskia sp. from Kuh-e-Bagh-e-Vang, suture
lines. A — Specimen FUM#BV.AS, at 6.4 mm ww. B — Spec-
imen MB.C.30291, at 7.2mm ww, 20.0mm wh. C — Spec-
imen MB.C.30290, at 41.5mm dm, 22.5mm wh. Scale bar
units = 1 mm.

and does not allow a detailed study; the suture line is only
visible on the flanks. Only a small part of the ventrolateral
saddle can be studied; it shows an obviously simple first lat-
eral secondary notch. The asymmetric, bifid adventive lobe
has a strongly convex ventral side; is not as deep as the lat-
eral lobe. All in all, there are five bifid lobes and at least six
simple lobes (Fig. 9C).

The fragmentary specimen MB.C.30291 shows a bifid
first lateral secondary lobe on the ventrolateral saddle; its
adventive lobe is as deep as the lateral lobe (Fig. 9B). Anoth-
er fragment (FUM#BV.AS) allows the study of the ventral
suture line (Fig. 9A). It shows the very narrow external lobe
without secondary lobes and a ventrolateral saddle with only
three secondary lobes, of which the first lateral one is bifid.
The lateral lobe is wider and much deeper that the adventive
lobe and the first umbilical lobe.

Discussion: The specimens show some variation in terms of
conch morphology and suture line. Since they are all either

fragmented, corroded or both, a clear assignment to a spe-
cific species is not possible. It is not even clear whether they
belong to only one species.

RuzHENCEV (1949, 1950, 1956) had shown that the
morphological evolution of the medlicottiid ammonoids is
characterised by several trends, (1) the increasing number
of umbilical lobes, (2) the increasing number of bifid lobes
(concerning the adventive lobe, lateral lobe and outer um-
bilical lobes) and (3) the elevation and increasing number of
notches of the ventrolateral saddle. Attribution to the genus
Synartinskia is proposed here because of the shape of the
ventrolateral saddle (which is rather low and indented by
only few secondary lobes), the number of bifid lobes (five)
and the number of umbilical lobes (at least ten).

4. Additional ammonoids from the
conglomerate

In the basal conglomerate of the Jamal Formation,
ammonoids from various stratigraphic levels can be
found. They are discussed only briefly here:

Cardiella sp.: Specimen FUM#BV.A1 (Fig. 10A) is
a septate fragment with a whorl height of about 25 mm.
It shows lobes with regularly four notches on the flank
and thus differs from most known material, which usu-
ally has trifid lobes. However, LEONOVA (in LEONO-
VA & DMITRIEV 1989) figured asymmetric suture lines
of Cardiella shyndensis, which sometimes have lobes
with four notches.

Agathiceras sp.: Specimens FUM#BV.A2 (14.5 mm
dm; Fig. 10B) and FUM#BV.A3 (9.5mm dm;
Fig. 10C) represent the inner whorls of larger speci-
mens lacking the body chamber and parts of the phrag-
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Fig. 10. Ammonoids from the basal conglomerate of the Jamal Formation at Kuh-e-Bagh-e-Vang. A — Cardiella sp., speci-
men FUM#BV.A1. B — Agathiceras sp., specimen FUM#BV.A2. C — Agathiceras sp., specimen FUM#BV.A3. D — Mantico-

ceras sp., specimen MB.C.30292. Scale bar units = 1 mm.

mocone. Both are thinly pachyconic conchs, which are
ornamented with coarse spiral lines that are more than
twice as wide as their interspaces. It cannot be said
if these specimens belong to the new species Agathi-
ceras iranicum.

Further, but poorly preserved specimens of a proba-
ble Early Permian age belong to Popanoceras sp. and
Properrinites sp.

Manticoceras sp.: Specimen MB.C.30292 is a sur-
prising component in the assemblage because it is a
fragment of a Frasnian ammonoid (Fig. 10D). This
means that significant reworking took place at the
Bagh-e-Vang site. The specimen is only the filling of
one phragmocone chamber with nearly 30 mm whorl
height; it clearly shows the septal surface only char-
acteristic for Manticoceras and closely related genera.

5. Biostratigraphic position of the
assemblage

A clear stratigraphic determination of the ammonoid
assemblage from Kuh-e-Bagh-e-Vang is difficult be-
cause of the mostly fragmentary preservation of most
of the material, which does not allow a reliable de-
termination on the species level. In addition, there is
the difficulty that the stratigraphic schemes presented
so far for the section are contradictory: According to
foraminifera, the Bagh-e-Vang Member should have
a stratigraphically higher position (Kungurian) (LEv-
EN & VAZIRI MOGHADDAM 2004; DAvYDOV & ARE-
FIFARD 2007; LEVEN & GORGI 2011; SHARAHI etal.

2020) or even Roadian (PARTOAZAR etal. 2014, 2017)
than according to conodonts, which suggested an Ar-
tinskian age (LEVEN etal. 2007) or Sakmarian age
(Vuoro 2015).

The ammonoids of Kuh-e-Bagh-e-Vang must be
subdivided into three groups as far as their stratigraph-
ic assignment is concerned:

(1) The specimens of Agathiceras iranicum KORN &
GHADERI n.sp. cannot be clearly assigned, because
the genus Agathiceras has a long stratigraphic range
from the Late Carboniferous to the Early Permian (Ru-
ZHENCEV 1950, 1956). However, the morphology with
a moderately high median saddle and pointed external
and adventive lobes suggests a latest Carboniferous
age.

(2) The genus Foasianites has its main distribution in
Gzhelian to Asselian times. A stratigraphically young-
er placement is not very likely. Foasianites baghevan-
gensis KORN & GHADERI n. sp., which belongs to the
morphologically advanced species of the genus with
strongly pouched lobes, shows the greatest similarity
to the species assemblage from Shor-Bulak-say (Ta-
jikistan) described by BoGosLovskaya (1978) and Ru-
ZHENCEV (1978). This assemblage was assigned to the
Asselian by both authors on the basis of the morpho-
logical development of the ammonoids.

(3) The specimens from the conglomerate can only
help in determining a minimum age. While some com-
ponents, such as Agathiceras sp. do not provide pre-
cise information, an age from Sakmarian to Artinskian
can be given for Synartinskia sp. for the occurrences in
the South Urals and Pamirs (RuzHENCEV 1951; LEVEN
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etal. 1992) and from Asselian to Kungurian for Car-
diella for the occurrences in the Pamirs (LEoNOVA &
DMITRIEV 1989; LEVEN etal. 1992). The finding of
Manticoceras can only be explained by deep erosion at
some place in the basin. Cephalopod-bearing Frasnian
carbonates are known, for instance, from the Shotori
Range south-east of Kuh-e-Bagh-e-Vang (STOCKLIN
etal. 1965; HAIRAPETIAN & KoRN 2011; KORN etal.
2019).

Acknowledgements

We are indebted to the Ferdowsi University of Mashhad in
Iran for technical support in the field campaign. We thank
MARKUS BRINKMANN and JENNY HuaNG (Berlin) for the
mechanical preparation and photography of the specimens.
We greatly acknowledge the reviews by Masayuki EHIRO
(Sendai) and ALaN L. Trtus (Kanab). LD benefited from a
postdoctoral research fellowship of the Alexander von Hum-
boldt Foundation.

References

AGHAIANL, F. & ALEALL, M. (2019): Facies distribution,
depositional environment, and diagenetic features of
the Permian Jamal Formation, Central Iran basin. — Car-
bonates and Evaporites, 34: 1799-1813. doi: 10.1007/
s13146-019-00528-w

AREFIFARD, S. & IsaacsoN, P.E. (2011): Permian sequence
stratigraphy in east-central Iran: Microplate records of
Peri-Tethyan and Peri-Gondwanan events. — Stratigra-
phy, 8: 61.

ARTHABER, G. V. (1911): Die Trias von Albanien. — Beitrige
zur Palidontologie und Geologie Osterreich und Ungarns,
24: 169-288.

AsHOURI, A.R. & Yamini, A. (2006): Cephalopods and
stratigraphical position of cephalopod bed of Shish-
tu Formation, Iran. — Geosciences Scientific Quarterly
Journal, 15: 178-187.

ATAEI, M.R., GHADERI, A., ASHOURI, A.R. & Bapra, M.
(2019): Permian corals of the Bagh-e-Vang member of
the Jamal Formation at the North of Tabas, their strati-
graphic and biogeographic position. — Sedimentary Fa-
cies, 11: 250-271.

BaLiNi, M., MANDRIOLI, R., NICORA, A., ANGIOLINI, L.,
BorLENGHI, L., VuoLo, 1., SHORABI, Z. & BAHRAMA-
NESH, M. (2015): First report of Upper Pennsylvanian
ammonoids and Lower Permian conodonts from Bagh-
e-Vang area (Central Iran). — Permophiles, 62: 25-37.

BEeckEr, R.T., AsHourl, A.R. & Yazpi, M. (2004): The
Upper Devonian Annulata Event in the Shotori Range
(eastern Iran). — Neues Jahrbuch fiir Geologie und Pa-
laontologie, Abhandlungen, 231: 119-143. doi: 10.1127/
njgpa/231/2004/119

BoGosLovskaya, M.F. (1978): Sistematika i filogeniya se-
meiystv Marathonitidae i Vidrioceratidae (Ammonoi-
dea). — Paleontologicheskiy Zhurnal, 1978: 53—68.

BoOsk, E. (1917): The Permo-Carboniferous ammonoids of
the Glass Mountains, West Texas, and their stratigraph-
ical significance. — Bulletin of the University of Texas,
1762: 1-241.

Davypov, V.I. & AREFIFARD, S. (2007): Permian fusulinid
fauna of Peri-Gondwanan affinity from the Kalmard re-
gion, East-Central Iran and its significance for tectonics
and paleogeography. — Palacontologia Electronica, 10:
1-40.

DE Haan, G. (1825): Monographia Ammoniteorum et Go-
niatiteorum. — Lugduni Batavorum (Hazenberg). doi:
10.5962/bhl.title.39472

ERNST, A., SENOWBARI-DARYAN, B. & RasHIDI, K. (2006):
Lower Permian Bryozoa of the Jamal Formation from
Bagh-e Vang (Shotori Mountains, northeast Iran). — Fa-
cies, 52: 627-635. doi: 10.1007/s10347-006-0084-y

Evans, D., GHOBADI POUR, M. & Poroy, L. (2013): Review
of the Early to Mid Ordovician orthoconic cephalopods
from Iran. — Bulletin of Geosciences, 88: 21-44.

FLUGEL, H. (1972): Die paldozoischen Korallenfaunen Ost-
Irans. 2. Rugosa und Tabulata der Jamal-Formation
(Darwasian?, Perm). — Jahrbuch der Geologischen Bun-
desanstalt, 115: 49-102.

GEMMELLARO, G.G. (1887): La Fauna dei calcari con Fusu-
lina della valle del Fiume Sosio nella Provincia di Pa-
lermo. — Giornale di Scienze naturali ed economiche di
Palermo, 19: 1-106.

HAIRAPETIAN, V. & KorN, D. (2011): Phylogenetic analysis
of the family Beloceratidae (Ammonoidea, Late Devo-
nian) and a new Beloceras species from eastern Iran. —
Bulletin of Geosciences, 86: 675-682. doi: 10.3140/
bull.geosci. 1261

HARAPETIAN, V., KORN, D. & BanraMmi, A. (2006): Visean
and Bashkirian ammonoids from Central Iran. — Acta
Geologica Polonica, 56: 229-240.

HyarT, A. (1883—1884): Genera of fossil cephalopods. —
Proceedings of the Boston Society of Natural History,
22:253-338.

HyarT, A. (1900): Tetrabranchiate Cephalopoda. — In: ZIT-
TEL, K.A. v. & EastmaN, C.R. (eds.): Text-book of Pa-
lacontology, volume 1 (1% English edition): 502-604;
London (Macmillan & Co.).

Karpinsky, A.P. (1874): Geologicheskiy issledovaniya v
Orenburgskom krae. — Zapiski Mineralogicheskogo Ob-
shchestva; Vtoraya Seriya, 9: 212-310.

KARPINSKY, A.P. (1889): Uber die Ammoneen der Artinsk-
Stufe und einige mit denselben verwandte carbonische
Formen. — Mémoires de 1’Académie Impériale des
Sciences de St.-Pétersbourg, 7ieme Série, 37: 1-104.

Krug, C., Korn, D., LanpmaN, N.H., TaNaBE, K.,
DE BaEets, K. & NaGLIK, C. (2015): Describing am-
monoid conchs. — In: KLUG, C., KorN, D., DE BAETS, K.,
KRruTa, I. & MAPES, R.H. (eds.): Ammonoid Paleobiol-
ogy: From macroevolution to paleogeography. — Topics
in Geobiology, 44: 3-24; Dordrecht (Springer). doi:
10.1007/978-94-017-9633-0


https://dx.doi.org/10.1007/s13146-019-00528-w
https://dx.doi.org/10.1007/s13146-019-00528-w
https://dx.doi.org/10.1127/njgpa/231/2004/119
https://dx.doi.org/10.1127/njgpa/231/2004/119
https://dx.doi.org/10.5962/bhl.title.39472
https://dx.doi.org/10.1007/s10347-006-0084-y
https://dx.doi.org/10.3140/bull.geosci.1261
https://dx.doi.org/10.3140/bull.geosci.1261
https://dx.doi.org/10.1007/978-94-017-9633-0

344 D. Kornetal.

Korn, D. (2010): A key for the description of Palacozoic
ammonoids. — Fossil Record, 13: 5-12. doi: 10.1002/
mmng.200900008

Korn, D., EBBIGHAUSEN, V., BOCKWINKEL, J. & KLug, C.
(2003): The A-mode sutural ontogeny in prolecanit-
id ammonoids. — Palaeontology, 46: 1123—-1132. doi:
10.1046/3.0031-0239.2003.00336.x

KorN, D., GHADERI, A., DEVAERE, L., HAIRAPETIAN, V.,
KHANEHBAD, M. & BELKA, Z. (2019): Sporadoceratid
ammonoids from the Shotori Range (east-central Iran) —
a case of putative gigantism caused by hydraulic sort-
ing? — Acta Geologica Polonica, 69: 27-49.

LeoNovA, T.B. & DMITRIEY, V. (1989): Rannepermskie am-
monoidei Yugo-Vostochnogo Pamira. — Trudy Paleon-
tologicheskogo Instituta Akademiya Nauk SSSR, 235:
1-198.

LeveN, E.J. & GorGu, M. (2011): Fusulinids and stratigra-
phy of the Carboniferous and Permian in Iran. — Stra-
tigraphy and Geological Correlation, 19: 687-776. doi:
10.1134/S0869593811070021

LeveN, E.J. & Vazirt MoGHADDAM, H. (2004): Carbonif-
erous—Permian stratigraphy and fusulinids of eastern
Iran. The Permian in the Bag-e-Vang section (Shirgesht
area). — Rivista Italiana di Paleontologia e Stratigrafia,
110: 441-465.

Leven, E.J., LEonovA, T.B. & DMitrIEV, V.I. (1992): Perm’
Darvaz-Zaalaiskoi zony Pamira: fuzulinidy, ammonoi-
dei, stratigrafiya. — Trudy Paleontologicheskogo Institu-
ta Rossiyskaya Akademiya Nauk, 253: 1-203.

Leven, E.J., REIMERS, A. & Kozur, H. (2007): First finds
of Permian conodonts in eastern Iran and once again on
the Guadalupian series base in Permian sections of the
Tethyan realm. — Stratigraphy and Geological Correla-
tion, 15: 57-66. doi: 10.1134/S0869593807010054

MILLER, A.K. & FurnisH, WM. (1954): The classification
of the Paleozoic ammonoids. — Journal of Paleontology,
28: 685-692.

Nixko, S., BADPA, M., GHADERI, A. & AtAEl, M.R. (2018):
Early Permian tabulate corals from the Jamal Formation,
East-Central Iran. — Bulletin of the National Museum of
Nature and Science, Series C, 44: 19-29.

PARTOAZAR, H. (1995): Permian deposits in Iran. — Treatise
on the Geology of Iran, 22: 1-340.

PARTOAZAR, M., HAMDI, B. & AGHANABATI, S. (2014): New
approach on biostratigraphy of Permian deposits of
Jamal formation in Bagh Vang section, Shirgesht area
(central Iran). — Geopersia, 4: 141-154.

PArRTOAZAR, M., HAMDI, B. & AGHANABATI, S. (2017): The
study of Permian system in Baghvang section S. Shir-
gesht area (Central Iran). — Geosciences, 26: 53—62.

RUTTNER, A.W., NABAVI, M. & HAJTAN, J. (1968): Geology
of the Shirgesht area (Tabas area, east Iran). — Reports of
the Geological Survey of Iran, 4: 1-133.

RuzHeNcEv, V.E. (1933): O nekotorykh nizhnepermskikh
ammonoideyakh Aktyubinskogo rayona. — Byulleten’
Moskovskogo obshchestva ispytatelei prirody, otdelenie
geologii, 11: 164—180.

RuznENCEY, V.E. (1939): Novyi rod Synartinskia iz semeis-
tva Medlicottiidae. — Comptes Rendus (Doklady) de
I’ Academie des Sciences de I’'URSS, 25: 460—463.

RuzHENCEY, V.E. (1949): Sistematika i evolyutsia semeystv
Pronoritidae Frech i Medlicottiidae Karpinsky. — Trudy
Paleontologicheskogo Instituta Akademiya Nauk SSSR,
19: 1-206.

RuzHeNcEv, V.E. (1950): Verkhnekamennougolnye ammo-
nity Urala. — Trudy Paleontologicheskogo Instituta Aka-
demiya Nauk SSSR, 29: 1-220.

RuzHENCEY, V.E. (1951): Nizhnepermskie ammonity Yuzh-
nogo Urala. I. Ammonity Sakmarskogo Yarusa. — Trudy
Paleontologicheskogo Instituta Akademiya Nauk SSSR,
33: 1-186.

RuzHeNcev, V.E. (1956): Nizhnepermskiye ammonity
Yuzhnogo Urala. II. Ammonity Artinskogo Yarusa. —
Trudy Paleontologicheskogo Instituta Akademiya Nauk
SSSR, 6: 1-275.

RuzueNncEy, V.E. (1978): Asselskie ammonoidei na
Pamire. — Paleontologicheskiy Zhurnal, 1978: 36-52.
SENOWBARI-DARYAN, B. & RasHiDI, K. (2010): The codi-
acean genera Anchicodium Johnson, 1946 and Irani-
codium nov. gen. from the Permian Jamal Formation of
Shotori mountains, northeast Iran. — Rivista Italiana di

Paleontologia e Stratigrafia, 116 (1): 3-21.

SENOWBARI-DARYAN, B. & RasHIDL K. (2011): Lercaritubus
problematicus Fliigel, Senowbari-Daryan & Di Stefano
and Vangia telleri (Fliigel): two problematic organisms
from the Permian Jamal Formation of Shotori moun-
tains, Northeast Iran. — Rivista Italiana di Paleontologia
e Stratigrafia, 117 (1): 105-114.

SENOWBARI-DARYAN, B., RasHiDI, K. & HAMEDANI, A.
(2005): Sponge assemblage from the Permian reefal
limestones of Kuh-e Bagh-e Vang, Shotori Mountains
(eastern Iran). — Geologica Carpathica, 56: 381-406.

SHARAHI, S.Y., YEGANEH, B.Y., AREFIFARD, S., FARAH-
POUR, M.M. & VacHARD, D. (2020): Re-examination
of late Early Permian fusulinids in North Tabas, East-
central Iran and their palaeotectonic, palacoclimate and
palaeobiogeographic applications. — Journal of Strati-
graphy and Sedimentology Researches, 36: 51-74.

SotouHAIN, F. & RANIBARAN, M. (2014): Carbonat facies,
microfacies and sequence stratigraphy of the Permian
rocks in Bagh-e-Vang Section (Tabas). — Applied Sed-
imentology, 2: 90—104.

STOCKLIN, J., EFTEKHAR-NEZHAD, J. & HUSHMAND-
ZADEH, A. (1965): Geology of the Shotori range (Tabas
area, east Iran). — Geological Survey of Iran, Reports,
3: 1-69.

ToumaNsky, O.G. (1949): O permskikh ammoneyakh Sred-
ney Azii. — Byulleten' Moskovskogo obshchestva ispy-
tatelei prirody, otdelenie geologii, 24: 49—84.

VuoLo, L. (2015): Conodont biostratigraphy from Carbon-
iferous and Permian successions of Pamir, Central Iran
and Tunisia. — 308 pp.; Milano (Universita degli Studi
di Milano).

WALLISER, O.H. (1966): Preliminary notes on Devonian,
Lower and Upper Carboniferous goniatites in Iran. — Re-
ports of the Geological Survey of Iran, 6: 7-24.

YEGANE, B.Y., VAN LooN, A., ARerl FARD, S., FARAH-
POUR, M.M. & SHARAHI, S.Y. (2021): Depositional
environment of the Bagh-e-Vang Formation — the only
occurrence of upper Lower Permian in Iran. — Geolo-
gos, 27.


https://dx.doi.org/10.1002/mmng.200900008
https://dx.doi.org/10.1002/mmng.200900008
https://dx.doi.org/10.1046/j.0031-0239.2003.00336.x
https://dx.doi.org/10.1134/S0869593811070021
https://dx.doi.org/10.1134/S0869593807010054

Ammonoids from the Carboniferous-Permian boundary of east-central Iran

345

Manuscript received: July 13th, 2021.
Revised version accepted by the Stuttgart editor: Au-
gust 13th, 2021.

Addresses of the authors:

DIETER KORN, Museum fiir Naturkunde Berlin, Inva-
lidenstraBBe 43, 10115 Berlin, Germany;
e-mail: dieter.korn@mfn-berlin.de

ABBAS GHADERI, MOHAMMAD KHANEHBAD, Depart-
ment of Geology, Faculty of Science, Ferdowsi Uni-
versity of Mashhad, Mashhad, Iran;

e-mails: aghaderi@um.ac.ir; mkhanehbad@um.ac.ir

LEa DEVAERE, Université de Lille, CNRS, UMR 8198 —
Evo-Eco-Paleo, F-59000 Lille, France;
e-mail: lea_devaere@hotmail.fr





