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ABSTRACT:

Korn, D., Ghaderi, A., Devaere, L., Hairapetian, V., Khanehbad, M. and Belka, Z. 2019. Sporadoceratid am-
monoids from the Shotori Range (east-central Iran) — a case of putative gigantism caused by hydraulic sorting?
Acta Geologica Polonica, 69 (1), 27-49. Warszawa.

The Shotori Range of east-central Iran (east of Tabas) has yielded Famennian ammonoid assemblages dom-
inated by the family Sporadoceratidae. Four genera Maeneceras Hyatt, 1884, Iranoceras Walliser, 1966,
Sporadoceras Hyatt, 1884 and Erfoudites Korn, 1999 are represented. The conodont assemblage of one sample
containing /ranoceras revealed an Upper marginifera Zone age. The ammonoid assemblages are characterised
by comparatively large specimens; they reach conch diameters of 300 mm (including the body chamber) and
the mean size is larger than 100 mm. The preservation of the material from the Shotori Range and size compar-
ison with sporadoceratid assemblages from the Anti-Atlas of Morocco and the Rhenish Mountains of Germany
suggest that hydraulic sorting has resulted in a bias towards large conchs, explaining the size distribution,
rather than latitudinal differences. The new species Maeneceras tabasense is described; the genus lranoceras
is revised with a new description of the two species Iranoceras pachydiscus (Walliser, 1966) and Iranoceras
pingue (Walliser, 1966).

Key words: Late Devonian; Famennian; Iran; Ammonoids; Body size; Conodonts.

INTRODUCTION

The Famennian (Late Devonian) sporadocer-
atids are a long-living ammonoid lineage occurring
from near the base of the stage up to the Hangenberg
extinction event near the Devonian—Carboniferous
boundary (Korn and Klug 2002). They are at their
peak in terms of numbers and species diversity in the
late early Famennian (Maeneceras Hyatt, 1884) and

the middle Famennian (particularly Sporadoceras
Hyatt, 1884 and Erfoudites Korn, 1999) and play a
subordinate role in the late Famennian. The spora-
doceratids are a morphologically conservative group
with only minor changes in conch morphology and
suture line with time; only with respect to their shell
ornament are they more variable and show a transi-
tion from simple growth lines with a convex course at
the beginning towards biconvex growth lines in com-
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bination with spiral lines later in their evolutionary
history (e.g., Bogoslovsky 1971; Korn 1999).

Sporadoceratid ammonoids are known from nu-
merous places worldwide; they are known from North
America (e.g., Miller 1938) and South America (e.g.,
Kullmann 1993), Central Europe (e.g., Wedekind
1918; Lange 1929; Becker 1993), Eastern Europe (e.g.,
Nalivkina 1953; Bogoslovsky 1971), North Africa
(e.g., Petter 1959; Korn 1999; Becker et al. 2002;
Bockwinkel et al. 2002; Korn et al. 2015), southern
Asia (e.g., Walliser 1966; Becker ef al. 2004), eastern
Asia (e.g., Ruan 1981) and Australia (e.g., Petersen
1975). In their wide geographical distribution, they
differ from many other contemporaneous ammonoid
groups, such as the clymeniids and the prionoceratid
ammonoids. Sporadoceratids often occur in large
numbers of specimens and dominate the ammonoid
assemblages; this makes them interesting objects for
studying intraspecific variation and survivorship pat-
terns (e.g., Walton et al. 2010).

In the following, we discuss the size patterns of
an assemblage containing sporadoceratid ammonoid
species from the vicinity of Tabas (Shotori Range,
East-Central Iran) in the context of body size; we
compare them with two selected assemblages from
the Rhenish Mountains of Germany and the Anti-
Atlas of Morocco. These three regions differed in
their latitude positions during the Devonian (Cocks
and Torsvik 2006; Torsvik and Cocks 2013); while
the Rhenish Mountains had a position about 20° S,
the Anti-Atlas and the Shotori Range were located
further south (about 45° S and about 40° S, respec-
tively) with possible effects on sea water tempera-
tures. However, a different opinion was presented by
Golonka (2007) who suggested a position of central
Iran atapproximately 25° S latitude. A term frequently
used in biogeographic research is ‘polar gigantism’,
which describes the common phenomenon that in-
vertebrates tend to grow exceptionally large at higher
latitudes (e.g., Chapelle and Peck 1999; Moran and
Woods 2012; Rosa ef al. 2012). Such phenomena have
also been described in the fossil record (Gutiérrez-
Marco et al. 2009; Klug et al. 2015); therefore, it has
to be considered if the assemblage containing large
sporadoceratid specimens from Tabas may be a case
of ‘polar gigantism’ due to its geographic position.

Variations in the body size of cephalopods have
been studied in a number of cases using fossil and
recent material, but often these studies were focused
on extraordinarily large representatives of Palacozoic
nautiloids (e.g., Miller 1932; Teichert and Kummel
1960; Manger et al. 1999), Palacozoic ammonoids (e.g.,
Clarke 1899; Korn and Klug 2007; Klug et al. 2015;

Korn 2017) and Mesozoic ammonoids (e.g., Landois
1895, but see Stevens 1988 for a thorough review on
ammonoid gigantism) and coleoids (e.g., Kirk 1880;
Kubodera and Mori 2005; Winkelmann et al. 2013).
A review and discussion of size patterns in Palaeozoic
invertebrates with respect to evolutionary and eco-
logical aspects was given by Klug et al. (2015). In the
following, we discuss the occurrence of an ammonoid
assemblage composed of remarkably large specimens.

LOCALITIES WITH FAMENNIAN AMMONOIDS
IN THE SHOTORI RANGE

Late Devonian ammonoid occurrences of the
Shotori Range were discovered by Stocklin and
Ruttner in 1963 in the course of mapping the Tabas
area (Stocklin et al. 1965; Ruttner and Stocklin
1966). These ‘Cephalopod Beds’ of Howz-e-Dorah
and Kal-e-Sardar are a very fossiliferous rock mem-
ber in the Devonian to Lower Carboniferous Shishtu
Formation, which is mainly composed of shallow-wa-
ter limestones (e.g., Stocklin et al. 1965; Stocklin and
Nabavi 1971; Wendt et al. 1997, 2005). The cepha-
lopod-bearing unit has a thickness between 20 and
28 m and is composed of shales with intercalated
well-bedded detrital and oolitic limestone. The mem-
ber is very fossiliferous and contains calcareous algae
(Fligel 1961), brachiopods (Sartenaer 1966; Legrand-
Blain 1999), ammonoids (Clapp 1940; Walliser
1966; Becker et al. 2004; Ashouri and Yamini 2006;
Hairapetian and Korn 2011), trilobites (Morzadec et
al. 2002; Feist et al. 2003) and fish remains (Schultze
1973; Hairapetian and Ginter 2010). Conodonts in
particular have been used in several studies for the
stratigraphic assignment of the sections (Yazdi 1996,
1999; Ashouri 1997, 2002, 2004; Gholamalian 2007;
Gholamalian et al. 2009).

(1) Howz-e-Dorah. The section is located 48 km
south-east of Tabas (Text-fig. 1) and exposes the
whole ‘Cephalopod Beds’. Stocklin et al. (1965) pro-
vided the first description of the Shishtu Formation
that has a thickness of 543 m in this area. This in-
cludes the ‘Cephalopod Beds’ of 28 m thickness; the
unit itself is subdivided into four parts represented by
red oolitic limestone, sandy shales, calcareous sand-
stone and sandy hematitic limestone. Wendt ez al.
(1997, 2005) re-described the entire Devonian section
of the area under the name Howz-e-Dorah and in
the first article (Wendt ef al. 1997) figured a rather
detailed columnar section of the ‘Cephalopod Beds’.

Bahrami et al. (2011) provided a detailed conodont
stratigraphy for the upper part of the ‘Cephalopod
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Text-fig. 1. Geographic position of the studied outcrops at Howz-e-Dorah and Kal-e-Sardar in the vicinity of Tabas (Iran)

Beds’ and the overlying Tournaisian ‘Mush Horizon’.
They reproduced the outcrop photograph published
by Wendt et al. (1997) and used the name Ghale-
kalaghu section for this outcrop. The conodont stra-
tigraphy of the lower part of the ‘Cephalopod Beds’
was added by Bahrami et al. (2013).

According to Bahrami ef al. (2011, 2013), the up-
per part of the ‘Cephalopod Beds’ shows a strong
condensation; the Famennian conodont zones from
the Uppermost marginifera Zone to the Lower prae-
sulcata Zone have a thickness of only 3 m. This is in
contrast to Wendt ez al. (1997), who gave a conodont
age from the Upper marginifera to the Lower ex-
pansa zones for a sample in the lower portion of the
‘Cephalopod Beds’. Wendt et al. (1997) recognised
strong reworking at various levels in the section and
postulated the occurrence of stratigraphic gaps, while
Bahrami et al. (2011, 2013) considered the Famennian
succession as largely complete.

(2) Kal-e-Sardar. North of the Sardar river in the
vicinity of Niaz and 22 km east-northeast of Tabas

(Text-fig. 1), the ‘Cephalopod Beds’ are exposed in
a number of disconnected outcrops at the western
margin of the Shotori Range. Caused by intensive
folding and faulting in the western thrust zone of
the Shotori Range, these sections are usually in-
complete and difficult to interpret stratigraphically
(Stocklin et al. 1965; Wendt et al. 1997, 2005).
According to Gholamalian (2007), the upper half
of the ‘Cephalopod Beds’ belongs to the Famennian
Middle to Upper expansa zones.

In the region of the Sardar River, the ‘Cephalopod
Beds’ have yielded numerous ammonoid species, of
which the first were described by Walliser (1966),
who had already concluded that the sporadoceratids
are predominant in the assemblages. He introduced
the new subgenus Sporadoceras (Iranoceras) based
on the very narrow internal lobe of these forms. This
taxon, which is now regarded as a genus, has not yet
been discovered from any other region.

After this first description, ammonoids from Kal-e-
Sardar were studied several times. Becker ez al. (2004)
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Text-fig. 2. Ammonoids from Kal-e-Sardar-NW, Iran, occurring in association with the sporadoceratids. A — Manticoceras sp., specimen
MB.C.26853. B — Protactoclymenia sp., specimen MB.C.26854. Scale bar units = 1 mm

discovered an assemblage characterised by the genus
Platyclymenia; Ashouri and Yamini (2006) described
some species-rich Frasnian to middle Famennian ma-
terial and Hairapetian and Korn (2011) introduced the
new Frasnian species Beloceras sardarense.

MATERIAL

(1) Howz-e-Dorah. Besides some small clymeni-
ids, three sporadoceratid specimens were surface-col-
lected from the lower part of the ‘Cephalopod Beds’
at the section Howz-e-Dorah 1 of Wendt et al. (1997),
which is the Ghale-kalaghu section of Bahrami et al.
(2011, 2013). These are steinkern specimens embed-
ded in a red oolitic limestone.

(2) Kal-e-Sardar-NW. Thirty ammonoid speci-
mens were available for our study. All of them were
surface-collected in the north-western area of the
occurrence of the ‘Cephalopod Beds’. Nine of these

specimens were collected by us from a very small spot
(about 20 m?) on top of a small hill, thus probably with-
out mixing by distant horizons. However, this spot has
yielded ammonoids of the genera Manticoceras Hyatt,
1884, Sporadoceras Hyatt, 1884, Iranoceras Walliser,
1966 and Protactoclymenia Wedekind, 1908, meaning
that Frasnian to middle Famennian ammonoid faunas
occur at the same place (Text-fig. 2). This phenomenon
cannot be solved currently; reworking of material may
have taken place in the section.

Almost all specimens are internal moulds and
shell remains are only occasionally preserved. Even
most of the specimens that were extracted from the
surrounding rock do not show shell remains and were
probably reworked. All sporadoceratids show phrag-
mocones filled with coarse calcite cement. Body
chambers are only occasionally preserved.

(3) Kal-e-Sardar-S. Four specimens (Hairapetian
Coll.) come from the basal part of a small outcrop that
is very close to the locality B6 of Walliser (1966), lo-

Text-fig. 3. Conodonts from the matrix attached to specimen 10 of Iranoceras pachydiscus (Walliser, 1966) from Kal-e-Sardar-NW, Iran. All are —>
upper views except for I, K, P and Q, which are lateral views. A— Palmatolepis marginifera marginifera Helms, 1959; #NMG2. B — Palmatolepis
glabra pectinata Ziegler, 1962; #NMG3. C — Palmatolepis glabra glabra? Ulrich and Bassler, 1926; #€NMG4. D — Palmatolepis glabra pecti-
nata Ziegler, 1962; #NMG6. E — Palmatolepis glabra prima Ziegler and Huddle, 1969; #NMG9. F — Palmatolepis minuta minuta Branson
and Mehl, 1934; #NMGl11. G — Palmatolepis minuta minuta Branson and Mehl, 1934; #NMG12. H — Palmatolepis perlobata schindewolfi
Miiller, 1956; #NMG13. | — Polygnathus communis? Branson and Mehl, 1934; #NMG16. J — Polygnathus pennatuloideus Holmes, 1928;
#NMG19. K — Polygnathus glaber medius Helms and Wolska, 1967; #NMG20. L — Polygnathus yazdii Gholamalian, Ghorbani and Sajadi,
2009; #NMG29. M — Polygnathus nodocostatus -> Polygnathus pennatuloideus Holmes, 1928; #NMG17. N — Polygnathus nodocostatus ->
Polygnathus pennatuloideus Holmes, 1928; #NMG27. O — Polygnatus nodocostatus? Branson and Mehl, 1934; #NMG30. P — Polygnathus
aff. P. procerus Sannemann, 1955; #fNMG18. Q — Polygnathus communis dentatus Druce, 1969; #NMG32. R — Polygnathus pennatuloideus
Holmes, 1928; #NMG31
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cated approximately 6 km east of Posha. Maeneceras
sp. B was collected from a dark grey horizon rich
in oncoids, a few metres away from the base of the
outcrop.

CONODONT STRATIGRAPHY
OF THE AMMONOID SAMPLES

(A. Gadheri, Z. Belka)

One of the ammonoid specimens (MB.C.26871)
was found with about 700 g of attached carbonate
sediment. This material has been dissolved for cono-
donts (processed with 8% formic acid). The sam-
ple yielded a moderately rich fauna with more than
80 conodont elements. Among these, more than a
dozen palmatolepid and polygnathid taxa and some
transitional forms were identified (Text-fig. 3). The
assemblage is indicative of the Upper marginifera
Zone (Text-fig. 4). It includes forms having a global
distribution, within a low-latitude belt bounded north
and south by the 40™ parallels (Charpentier 1984),
except the species Polygnathus yazdii Gholamalian,
Ghorbani and Sajadi, 2009, which is so far known
only from the Famennian of Iran (Gholamalian et
al. 2009). In terms of palacoecology, the fauna rep-
resents the palmatolepids-polygnathid biofacies
characteristic for offshore pelagic settings (Sandberg
1976; Savoy and Harris 1993).

All conodont specimens are deposited in the col-

lection of the Department of Geology, Faculty of
Science, Ferdowsi University of Mashhad, Iran.

PRESERVATION OF THE AMMONOID CONCHS

The carbonate facies with brachiopod-rich and
oolitic limestone of the ‘Cephalopod Beds’ is not
typical of ammonoid-bearing sediments; usually am-
monoids are most common in outer shelf carbonates
(‘cephalopod limestone’). The preservation of the
ammonoids in the oolitic limestone shows some char-
acteristics. The polished slab with one sporadoceratid
specimen (Text-fig. 5) shows that the outer shell wall
of the ammonoid is strongly damaged, while the shell
wall of the earlier whorls and also the septa are much
better preserved. The oolitic matrix, in which the
conch is embedded, can also be seen in some of the
phragmocone chambers. The shell wall was thus at
least partly damaged before its burial.

Several preservation modes can be recognised in
the ammonoid specimens under discussion:

(I) Septate specimens without remains of the
body chambers. Nearly the entire phragmocone of
the specimens is filled with white sparry cement;
sometimes also the septa are only partially preserved.
The shell itself is not preserved, instead some speci-
mens are coated with a haematitic crust. — This pres-
ervation is the most common among the sporadocer-
atids and clymeniids.

rhomboidea

marginifera

trachytera

Lower Upper Lower

Upper

Uppermost| Lower Upper

Pa. minuta minuta

Pa. marginifera marginifera

Pa. glabra glabra

Pa. glabra pectinata

Pa. glabra prima

Pa. perlobata schindewolfi

Po. communis communis

Po. communis dentatus

Po. glaber medius

Po. nodocostatus

Po. pennatuloideus

Po. yazdii

Text-fig. 4. Stratigraphic ranges of the conodont taxa recovered from the matrix of the ammonoid specimen MB.C.26871 (ranges compiled
from data provided by Ziegler 1962; Glenister and Klapper 1966; Ziegler and Sandberg 1984 and Gholamalian et al. 2009). The grey-shaded
area is an interval considered to include the biostratigraphic position of the investigated fauna. Pa. = Palmatolepis; Po. = Polygnathus
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Text-fig. 5. Polished slab with a sporadoceratid specimen embed-

ded in oolitic limestone; Kal-e-Sardar-NW, Iran. Note the lack of

the body chamber, the degree of damage of the outer shell wall, the

rather well-preserved inner whorls and septa and the partial filling
of phragmocone chambers by oolitic sediment

(2) Specimens embedded in dark-grey detrital lime-
stone. Parts of the body chamber are preserved and the
conchs are covered with a greenish-grey clayey coat.
Shell details are not preserved. — This preservation is
rather common among the sporadoceratids.

(3) Specimens embedded in micritic limestone
with parts of the body chamber preserved; the shell
ornament is also visible in some specimens. — This
preservation is common among the Frasnian and a
few Famennian ammonoids.

SIZE DISTRIBUTION OF THE AMMONOID
CONCHS

During our field session in the Shotori Range,
we found twenty-four specimens of sporadoceratids
which are suitable for size analysis. All available
specimens regardless of their size and preservation
were collected. Precise taxonomic assignment was
not possible for each of the specimens because of
preservation limits, but it can be stated with certainty
that at least four sporadoceratid genera (Maeneceras,
Sporadoceras, Iranoceras, Erfoudites) are repre-
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sented. These sporadoceratid specimens from the
two localities Kal-e-Sardar-NW and Howz-e-Dorah
show a size pattern that differs from material of other
regions such as the Anti-Atlas of Morocco and the
Rhenish Mountains of Germany (Text-fig. 6):

(1) The conchs attain a larger size; even one spec-
imen of 160 mm diameter is still chambered (speci-
men AEU830; Text-fig. 7), this means that the conch
diameter including body chamber would have been
about 300 mm, a size extremely rare in sporadoc-
eratid assemblages from Central Europe and North
Africa. However, one has to take into account that
from these regions, in contrast to the Shotori Range,
large numbers of specimens have been collected.

(2) Various species of at least two sporadoceratid
genera (Maeneceras and Iranoceras) reached very
large sizes of more than 160 mm.

(3) The size distribution is asymmetric with a
weakly skewed right side; small specimens are rare.

(4) The mean (130 mm) and median (116 mm) di-
ameters (including the body chamber) of the sporadoc-
eratids from the Shotori Range are much larger than
those of the other regions. In the fauna of Maeneceras
meridionale Frech, 1887 from Hassi Hebech (Anti-
Atlas), these values are 35 mm (mean) and 34 mm
(median) (Bockwinkel et al. 2002) and in the sample
of Sporadoceras bidens (Sandberger and Sandberger,
1851) from the Rhenish Mountains they are 33 mm
(mean) and 31 mm (median) (Walton et al. 2010).

The data presented above do not seem to sup-
port the hypothesis that the observed differences in
size of sporadoceratid ammonoids are related to the
different palaeogeographic position of the regions.
Assemblages from the Rhenish Mountains and the
Anti-Atlas of Morocco do not, despite their latitudi-
nal differences, really differ in their size structures.
At the same time, the assemblages from the Anti-
Atlas and the Shotori Range differ strikingly despite
their similar palaeolatitudinal positions.

The size distribution pattern of the sporadoceratid
fauna from Tabas, with its predominance of large
specimens, needs to be discussed in the light of the
preservation of the specimens. In the specimens of
Maeneceras, Sporadoceras and Iranoceras, traces of
the shell are only rarely preserved in the outer whorl
and even if so, the shell ornament is not preserved.
It is likely for several reasons that most of the speci-
mens have experienced some transport and scouring,
which has destroyed the body chambers and possibly
also portions of the phragmocones.

The preferential accumulation of large specimens
can possibly be caused by two processes (for exam-
ples describing possible taphonomic causes for fos-
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Text-fig. 6. Histograms showing the size distribution within assemblages of sporadoceratid ammonoids. A — Maeneceras meridionale (Frech,
1887) from Hassi Nebech, Anti-Atlas, Morocco (data from Bockwinkel et al. 2002). B — Sporadoceras bidens (Sandberger and Sandberger,
1851) from Enkenberg, Rhenish Mountains, Germany (data from Walton ez al. 2010). C — Sporadoceratids from Kal-e-Sardar-NW and Howz-
e-Dorah, Iran, after measurements of the phragmocone diameter. D — Sporadoceratids from Kal-e-Sardar-NW and Howz-e-Dorah, Iran, after
calculation of the conch diameter with body chamber

sil and Recent nautilids, see Mapes et al. 2010a, b;
Cichowolski et al. 2012; Hembree et al. 2014):

(I) Hydraulic sorting caused the transport of
larger conchs from their original habitats (probably
deeper shelf environments) to the shallower environ-
ment, in which the oolitic limestone was deposited.
Studies by Chamberlain et al. (1981) and Wani et
al. (2005) suggested that the floating potential of
specimens of the Recent Nautilus Linnaeus, 1758 in-
creases with the size of the conchs.

(2) When the conchs reached the shallow shelf,
they were not immediately buried but possibly tum-

Text-fig. 7. The largest sporadoceratid specimen AEU830 (Haira-
petian Coll.), probably Maeneceras sp., from Kal-e-Sardar, Iran.
Note the characteristic preservation with lacking body chamber,
lacking outer shell wall, haematitic crusts and white sparry calcite
filling most of the phragmocone. Scale bar units = 1 mm
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bled for some time on the sediment surface. The tum-
bling action may have caused the removal of body
chambers and large parts of the outer shell wall.
However, clear abrasion surfaces are missing (com-
pare Fernandez-Lopez and Meléndez 1994).

AMMONOID TAXONOMY
(D. Korn)

A total of 38 specimens were investigated in this
study. The specimens are kept in the collection of the
Museum fiir Naturkunde, Berlin (nos. MB.C.26853
to MB.C.26886) and the Azad University, Esfahan
(nos. AEU830 to AEUS833). The key for the descrip-
tion of Palacozoic ammonoid species proposed by
Korn (2010), including an explanation of the methods
used, is followed here (Text-fig. 8).

Order Goniatitida Hyatt, 1884
Suborder Tornoceratina Wedekind, 1914
Superfamily Prionocerataceae Hyatt, 1884
Family Sporadoceratidae Miller and Furnish in
Miller et al., 1957
Subamily Sporadoceratinae Miller and Furnish in
Miller et al., 1957

Genus Maeneceras Hyatt, 1884

TYPE SPECIES: Goniatites acutolateralis Sandber-
ger and Sandberger, 1851, p. 98; by original designa-
tion.

DIAGNOSIS: Genus of the subfamily Sporadocera-
tinae with a V-shaped first adventive lobe, a deep and
rounded or angular second adventive lobe and a deep,
V-shaped internal lobe. Growth line course convex.

INCLUDED SPECIES: See Bogoslovsky (1971) and
Korn and Klug (2002).

Maeneceras subvaricatum (Sobolew, 1914)
(Text-figs 9 and 10E, F)

1914. B-Oma-dimeroceras (Sporadoceras) subvaricatum;
Sobolew, p. 35, pl. 6, fig. 5, text-fig. 26.

1966. Sporadoceras (Sporadoceras) sp., ex aff. gr. Biferum;
Walliser, p. 12, pl. 2, figs 3, 4, text-fig. 3a—c.

1993. Maeneceras (Maeneceras) biferum biferum; Becker,
p. 308, pl. 26, figs 3, 4, text-fig. 95c.

2002. Maeneceras subvaricatum subvaricatum; Bockwin-
keletal., pl. 1, tfigs 7-14,pl. 2, figs 1, 2, 9, text-fig. 2c.
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Text-fig. 8. Conch dimensions obtained from ammonoid conch
cross-sections and terminology of the sutural elements used in the
systematic descriptions

2016. Maeneceras subvaricatum subvaricatum.; Becker in
Hartenfels and Becker, p. 334, text-fig. 6.8. (with syn-

onymy)

MATERIAL: Seven specimens from Kal-e-Sardar-
NW, Tabas Basin, Iran.

DESCRIPTION: Specimen MB.C.26862 has a diame-
ter of 55 mm and is fully chambered with weak septal
crowding at the end of the phragmocone (see Table 1
for conch measurements). The thickly discoidal conch
(ww/dm = 0.53) has a nearly closed umbilicus (uw/
dm = 0.05) and a moderate coiling rate (WER = 1.88).
The conch is thickest at the umbilicus, from where the
flanks converge towards the broadly rounded venter
(Text-fig. 9B). The suture line has a V-shaped first
adventive lobe with weakly convex flanks. The sec-
ond adventive lobe is very shallow and rounded; the
external lobe is very narrow and shallower than the
first adventive lobe (Text-fig. 10F). The inner suture
line is difficult to follow but it is clear that there is a
deep and probably V-shaped internal lobe.

The larger specimen MB.C.26855 (Text-fig. 9A)
has very similar conch proportions (ww/dm = 0.48;
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Text-fig. 9. Maeneceras subvaricatum (Sobolew, 1914) from Kal-e-Sardar-NW, Iran. A — Specimen MB.C.26855; B — Specimen MB.C.26862.
Scale bar units = 1 mm

uw/dm = 0.01). It is fully septate at 72 mm conch
diameter and is partly covered by a haematitic crust.
At 68 mm phragmocone diameter, the suture line has
a very narrow lanceolate external lobe. The second
adventive lobe is symmetric and broadly rounded;
it has a quarter the depth of the V-shaped and nearly
symmetric fist adventive lobe (Text-fig. 10E).

DISCUSSION: The material belonging to this taxon
has been attributed to various species (see a sum-
mary by Becker in Hartenfels and Becker 2016).
Unfortunately, the type material of “B-Oma-dimero-
ceras (Sporadoceras) subvaricatum Sobolew, 1914”
has not been revised and the ontogeny of the conch
shape, for instance, is not known. Material possibly
belonging to this species is known from many regions,
of which the Rhenish Mountains (e.g., Wedekind
1908) and the Anti-Atlas of Morocco (e.g., Petter
1959; Bockwinkel et al. 2002; Hartenfels and Becker
2016) are most important. However, the conch ontog-
eny of specimens from these regions has not yet been
published. Material from the Anti-Atlas of Morocco
was studied by Bockwinkel et al. (2002) with focus
on size distribution, depth of the second adventive

lobe and number of steinkern constrictions. Based on
the depth of the second adventive lobe, these authors
distinguished three taxa: Maeneceras subvaricatum
nuntio Becker, 1993, Maeneceras subvaricatum sub-
varicatum (Sobolew, 1914) and Maeneceras latiloba-
tum (Schindewolf, 1923).

“Sporadoceras subbilobatum var. meridionalis
Frech, 1902 is a species that was regarded by Korn
(in Korn and Ziegler 2002) as a senior synonym of
Maeneceras subvaricatum. As pointed out by Becker
(in Hartenfels and Becker 2016), this is probably incor-
rect and meridionalis has to be placed in Erfoudites.
Indeed, the cross-sections published by Korn (in Korn
and Ziegler 2002) show that the whorl expansion rate
decreases during the preadult and adult stages as in
Erfoudites rherisensis Korn, 1999 (e.g., Korn et al.
2015); this is not the case in the genera Maeneceras
and Sporadoceras where there is an adult increase.

Maeneceras tabasense sp. nov.
(Text-figs 10A—C and 11)

1966. Sporadoceras (Sporadoceras) sp., ex aft. gr. Sedg-

No. dm WW wh uw ah ww/dm ww/wh uw/dm WER 1z
MB.C.26855 71.8 347 40.9 0.7 21.8 0.48 0.85 0.01 2.06 0.47
MB.C.26857 63.5 33.0 36.5 1.0 16.8 0.52 0.90 0.02 1.85 0.54
MB.C.26864 61.2 28.7 34.5 2.6 17.0 0.47 0.83 0.04 1.92 0.51
MB.C.26862 54.9 29.0 29.9 2.7 14.9 0.53 0.97 0.05 1.88 0.50
MB.C.26856 50.5 25.2 29.0 1.4 13.5 0.50 0.87 0.03 1.86 0.53

Table 1. Conch dimensions (in mm) and ratios of specimens of Maeneceras subvaricatum (Sobolew, 1914) from Kal-e-Sardar, Iran
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Text-fig. 10. Dorsal view and suture lines of Maeneceras spp. A-C — Maeneceras tabasense sp. nov. A — dorsal view of specimen MB.C.26883

from?; B — suture line of specimen MB.C.26883 from?, at 104.0 mm dm, 40.0 mm ww, 60.0 mm wh; C — specimen MB.C.26869 from Kal-

e-Sardar-NW, Iran, at 58.0 mm dm, 24.5 mm ww, 33.5 mm wh. D — Maeneceras sp. A, suture line of specimen MB.C.26866 from Kal-e-

Sardar-NW, Iran, at 39.0 mm dm, 20.5 mm ww, 21.5 mm wh. E, F — Maeneceras subvaricatum (Sobolew, 1914). E — suture line of specimen

MB.C.26855 from Kal-e-Sardar-NW, Iran, at 68.0 mm dm, 33.5 mm ww, 41.0 mm wh; F — suture line of specimen MB.C.26862 from Kal-e-
Sardar-NW, Iran, at 49.5 mm dm, 8.0 mm ww, 29.0 mm wh. Scale bar units = 1 mm

wicki; Walliser, p. 14, pl. 1, fig. 14, pl. 2, figs 1, 2,
text-fig. 3f—k.

ETYMOLOGY: Named after the town of Tabas.
HOLOTYPE: Specimen MB.C.26883.

TYPE LOCALITY AND HORIZON: Howz-e-Dorah
(Shotori Range, Eastern Iran); probably late early
Famennian.

DIAGNOSIS: Species of Maeneceras with thinly dis-
coidal conch (ww/dm = 0.40 at 60 mm dm and 0.35
at 120 mm dm); flanks convex and converging, ven-
ter continuously rounded. Suture line with weakly
asymmetric, broadly rounded second adventive lobe
that has three quarters of the depth of the V-shaped
first adventive lobe. The saddle between the adven-
tive lobes is narrowly rounded.

MATERIAL: Six specimens; two are from Howz-e-
Dorah, embedded in red oolitic limestone, another
three specimens are from Kal-e-Sardar-NW and one
is from Kal-e-Sardar-S, Tabas Basin, Iran.

DESCRIPTION: The large holotype MB.C.26883 is
completely chambered; the phragmocone is incom-
plete at the end but its diameter can be estimated at
120 mm (Text-fig. 11A; see Table 2 for conch mea-
surements). The specimen is, at 110 mm dm, thinly
discoidal (ww/dm = 0.36) with a nearly closed um-
bilicus. Its flanks are convex and the whorl profile is
widest at some distance from the umbilicus. The ven-
ter is rather narrow but continuously rounded (Text-
fig. 10A). The suture line has a weakly asymmetric
first adventive lobe, of which the dorsal flank is con-
cave and the ventral flank weakly convex. The sec-
ondary adventive lobe is three quarters of the depth
of the first adventive lobe; it is U-shaped and weakly
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Text-fig. 11. Specimens of Maeneceras tabasense sp. nov. from the Tabas Basin, Iran. A — Specimen MB.C.26883 from Howz-e-Dorah; B —
Specimen MB.C.26869 from Kal-e-Sardar-NW; C — Specimen AEU832 from Kal-e-Sardar-S. Scale bar units = 1 mm

asymmetric (Text-fig. 10B). Both adventive lobes are
separated by an asymmetric, narrowly rounded sad-
dle that is continuously rounded at its top.

The incomplete phragmocone paratype MB.C.
26869 has a diameter of 60 mm and is thinly dis-
coidal (ww/dm = 0.41) with an almost closed umbi-
licus. The conch is widest near the umbilicus, from
where the convex flanks converge towards the rather
narrow, rounded venter (Text-fig. 11B). Shell remains
are not preserved, but the internal mould shows,
though corroded, a series of constrictions that extend
with a deep sinus across the venter. The suture line

of this paratype has, at 58 mm phragmocone diam-
eter, a narrow V-shaped external lobe that is nearly
as deep as the second adventive lobe. Both lobes are
separated by a narrow asymmetric saddle. The sec-
ond adventive lobe has a broadly rounded base and
is asymmetric with a much steeper dorsal flank. It is
separated from the nearly symmetric, V-shaped first
adventive lobe by a rounded and nearly symmetric
saddle (Text-fig. 10C).

DISCUSSION: The material from Tabas differs
from the Central European species M. acutolaterale

No. dm WW wh uw ah ww/dm | ww/wh uw/dm WER 1z
MB.C.26883 110.0 39.5 63.5 2.6 29.5 0.36 0.62 0.02 1.87 0.54
MB.C.26883 80.8 33.6 44.5 2.2 - 0.42 0.76 0.03 - -
MB.C.26869 60.1 24.7 35.2 2.4 - 0.41 0.70 0.04 - -

AEU832 422 19.8 23.8 0.9 13.0 0.47 0.83 0.02 2.09 0.45

Table 2. Conch dimensions (in mm) and ratios of specimens of Maeneceras tabasense sp. nov.
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(Sandberger and Sandberger, 1851) and M. sedgwicki
(Wedekind, 1908), which are possibly synonyms, in
the well-rounded saddle between the first and sec-
ond adventive lobe (subacute in the latter two spe-
cies). Maeneceras acutolaterale has at least in a large
growth stage of about 120 mm diameter a very narrow
venter, which is continuously rounded in M. tabasense.
Maeneceras latilobatum (Schindewolf, 1923) has
a similar conch shape and suture line, but the second
adventive lobe has only half the depth of the first ad-
ventive lobe. In the new species, the second adventive
lobe is almost as deep as the first adventive lobe.

Maeneceras sp. A
(Text-figs 10D and 12)

MATERIAL: Two specimens from Kal-e-Sardar-N'W,
Tabas Basin, Iran.

DESCRIPTION: Specimen MB.C.26866 is a fairly
well-preserved specimen with 53 mm conch diameter,
of which the last quarter of the final whorl belongs to
the body chamber (Text-fig. 12; see Table 3 for conch
dimensions). Parts of the shell are preserved, but there
is no ornament visible. The conch is discoidal (ww/dm
= 0.45) with a closed umbilicus and weakly convex
flanks that converge towards the rounded venter. The
coiling rate is rather high (WER = 2.02). The suture
line has a V-shaped first adventive lobe, in which both
flanks are weakly convex. The second adventive lobe
is short (one third of the first adventive lobe) and is
broadly rounded (Text-fig. 10D).

Maeneceras sp. B
(Text-fig. 13)

MATERIAL: One specimen from Kal-e-Sardar-S,
Tabas Basin, Iran.

DESCRIPTION: Specimen AEUS833 is a rather
well-preserved fully chambered internal mould with
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Text-fig. 12. Maeneceras sp. A from Kal-e-Sardar-NW, Iran, speci-
men MB.C.26866. Scale bar units = 1 mm

Text-fig. 13. Maeneceras sp. B from Kal-e-Sardar-S, Iran, speci-
men AEU833. Scale bar units = 1 mm

43 mm conch diameter (Text-fig. 13; see Table 4 for
conch dimensions). It is thickly discoidal (ww/dm =
0.58) with a nearly closed umbilicus and a moderate
coiling rate (WER = 1.90). The whorl profile is wid-
est at the margin of the funnel-shaped umbilicus; the
flanks converge strongly, and the venter is broadly

No. dm wWwW wh uw ah ww/dm ww/wh uw/dm WER 1z

52.6 23.7 323 0.5 15.6 0.45 0.73 0.01 2.02 0.52
MB.C.26866
38.2 19.4 21.6 0.4 - 0.51 0.90 0.01 - -
Table 3. Conch dimensions (in mm) and ratios of the specimen of Maeneceras sp. A

No. dm WW wh uw ah ww/dm ww/wh uw/dm WER 1z

43.1 25.2 24.7 2.0 11.8 0.58 1.02 0.05 1.90 0.52
AEU833

313 18.4 15.9 1.8 - 0.59 1.16 0.06 — -

Table 4. Conch dimensions (in mm) and ratios of the specimen of Maeneceras sp. B.
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rounded. The suture line has a V-shaped first adven-
tive lobe with convex flanks. The second adventive
lobe is short (less than one quarter of the first adven-
tive lobe) and is broadly rounded.

DISCUSSION: The single specimen differs from
the other specimens of the genus from the Shotori
Range in the presence of the funnel-shaped umbili-
cus. Interestingly, one small specimen of Iranoceras
pingue shows this type of umbilicus, but that speci-
men differs in its very shallow umbilical and internal
lobes from the Maeneceras specimen.

Genus Sporadoceras Hyatt, 1884

TYPE SPECIES: Goniatites bidens Sandberger and
Sandberger, 1851, p. 71; by original designation.

DIAGNOSIS: Genus of the subfamily Sporado-
ceratinae with a V-shaped first adventive lobe, a deep
and rounded or angular second adventive lobe and
a deep, V-shaped internal lobe. Growth line course
convex.

INCLUDED SPECIES: See Bogolslovsky (1971) and
Korn and Klug (2002).

Sporadoceras sp. A
(Text-fig. 14)

MATERIAL: One incomplete phragmocone speci-
men from Kal-e-Sardar-N'W, Tabas Basin, Iran.

DESCRIPTION: Specimen MB.C.26859 is an incom-
plete phragmocone with 56 mm diameter. It is cor-

roded and thus does not show any shell remains. The
whorl profile appears to be triangular; it is widest at
the closed umbilicus, from where the weakly convex
flanks converge towards the rather narrow, rounded
venter (Text-fig. 14A, B). The suture line was drawn
at a phragmocone diameter of 57 mm. It has a small,
narrowly V-shaped external lobe. Towards the umbi-
licus follow a broadly rounded, weakly asymmetric
ventrolateral saddle and then the narrow and very
conspicuous, asymmetric secondary adventive lobe.
This has parallel flanks in the middle part, but its base
is pointed on the ventral side. The midflank saddle
is asymmetric with a strongly sinuous ventral flank
and almost straight dorsal flank. The V-shaped first
adventive lobe is weakly asymmetric (Text-fig. 14C).

Genus Iranoceras Walliser, 1966

TYPE SPECIES: Sporadoceras (Iranoceras) pachy-
discus Walliser, 1966; by original designation.

DIAGNOSIS: Genus of the subfamily Sporado-
ceratinae with a very shallow, rounded internal lobe.

INCLUDED SPECIES:

pachydiscus: Sporadoceras (Iranoceras) pachydis-
cus Walliser, 1966, p. 16.

pingue: Sporadoceras (Iranoceras) pingue Walliser,
1966, p. 16.

sphaericum: Sporadoceras (Iranoceras) sphaericum
Walliser, 1966, p. 16. (synonym of Sporadoceras

pingue)

DISCUSSION: Walliser (1966) had only three spec-
imens from two localities at Kal-e-Sardar (Ruttner

Text-fig. 14. Sporadoceras sp. A, specimen MB.C.26859 from Kal-e-Sardar-NW, Iran. A — Lateral and dorsal views; B — Suture line at 57.0
mm dm, 28.5 mm ww, 32.5 mm wh. Scale bar units = 1 mm
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and Stocklin 1966); he described each specimen as
a new species. Further to this description, only one
poorly preserved specimen of [ranoceras sp. has
been figured by Ashouri and Yamini (2006). With
only four specimens, it is difficult to say if the three
species are justified. The new material is therefore
important for helping to shed light on this problem-
atic and apparently endemic genus.

Unfortunately, the type material appears to be
lost and the descriptions of the three species are not
really precise. There is no clear indication about the
size of the specimens and the conch cross sections
given by Walliser (1966, text-fig. 3) lack a scale, it is
therefore hard to attribute a correct conch diameter
for the cross sections. Additionally, the plates lack a
scale and hence it can only be assumed that the spec-
imens are figured in the original size.

Iranoceras pachydiscus (Walliser, 1966)
(Text-figs 15 and 16)

1966. Sporadoceras (Iranoceras) pachydiscus Walliser, p.
16, pl. 3, fig. 1, text-fig. 31, m.

DIAGNOSIS: Species of Iranoceras with thinly
pachyconic conch at 8§ mm dm (ww/dm = 0.70),
thereafter occurs a continuous transformation to
a discoidal conch at 130 mm dm (ww/dm = 0.40).
Moderate coiling rate (WER = 1.70—1.80) in the adult
stage. Whorl profile with weakly converging flanks,
conch widest in the umbilical area.

MATERIAL: Three specimens between 50 and
130 mm conch diameter from Kal-e-Sardar-N'W; the
smallest fragmentary specimen was used for a conch
cross section. Additionally, one phragmocone speci-
men with a diameter of 100 mm from Howz-e-Dorah,
Tabas Basin, Iran.

DESCRIPTION: The cross section of specimen
MB.C.26872 is incomplete and had to be recon-
structed because of some dissolution of the specimen
(Text-fig. 16A; see Table 5 for conch measurements).
The ontogenetic trajectory of the conch width index
(ww/dm) is very simple between 7 and 133 mm conch
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Text-fig. 15. Iranoceras pachydiscus (Walliser, 1966), specimen
MB.C.26870 from Kal-e-Sardar-NW, Iran. Scale bar units = 1 mm

diameter; during this interval it decreases continu-
ously from 0.70 to 0.38. The umbilicus is very narrow
at a conch diameter larger than 14 mm and the whorl
expansion rate changes from about 1.70 at 14 mm dm
to 1.90 at 38 mm dm.

Specimen MB.C.26870 has a diameter of 60 mm
and is fairly well-preserved. In this specimen, part
of the body chamber (240°) is preserved, but no shell
ornament can be seen. Instead, the entire specimen
is coated by a clayey cover with mica crystals (Text-
fig. 15). The conch is thickly discoidal (ww/dm = 0.49)
with a moderate coiling rate (WER = 1.89). In both pa-
rameters, it closely resembles specimen MB.C.26862.
However, in specimen MB.C.26870, the flanks do not
converge as strongly.

The large specimen MB.C.26871 is, with 133 mm
conch diameter, somewhat corroded without shell re-
mains. Parts of the body chamber are preserved and
the phragmocone has a diameter of 100 mm. The
conch is discoidal (ww/dm = 0.35) with a whorl pro-
file that is widest near the midflank and shows only
weakly converging flanks. The coiling rate is moder-
ate (WER = 1.85). The suture line shows, at a phrag-
mocone whorl height of 39 mm (corresponding to a
diameter of about 90 mm), a moderately wide first

No. dm WW wh uw ah ww/dm ww/wh uw/dm WER 1z
MB.C.26871 133.0 50.0 70.0 4.5 353 0.38 0.71 0.03 1.85 0.50
MB.C.26870 59.7 29.3 332 2.4 16.3 0.49 0.88 0.04 1.89 0.51

38.61 22.18 2197 | 0.88 10.58 0.57 1.01 0.02 1.90 0.52
MB.C.26872 20.16 12.70 11.55 | 0.51 542 0.63 1.10 0.03 1.87 0.53
11.34 7.70 6.30 0.65 2.48 0.68 1.22 0.06 1.64 0.61

Table 5. Conch dimensions (in mm) and ratios of specimens of Iranoceras pachydiscus (Walliser, 1966)
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Text-fig. 16. Iranoceras pachydiscus (Walliser, 1966) from Kal-e-Sardar-NW, Iran. A — Specimen MB.C.26872; x 2.0; cross-section; B — Specimen
MB.C.26871, at 37.0 mm ww, 40.0 mm wh; suture line; C-E — ontogenetic development of the conch width index (ww/dm), umbilical width index
(uw/dm), whorl width index (ww/wh) and whorl expansion rate (WER) of sectioned and other selected specimens. Scale bar units = 1 mm

adventive lobe with weakly convex flanks, a very
shallow second adventive lobe and a small, V-shaped
external lobe (Text-fig. 16B).

DISCUSSION: Iranoceras pachydiscus differs from
1 pingue in the ontogenetic trajectory of the conch
width index, which in I. pachydiscus decreases from
0.65 at 25 mm dm to 0.45 at 60 mm dm, while /. pingue
has a stout conch at 60 mm dm (ww/dm = 0.60).

Iranoceras pachydiscus can be confused with the
species Maeneceras subvaricatum when the internal
suture line is not visible. However, the flanks do not
converge as strongly in 1. pachydiscus and the second
adventive lobe is shallower.

Iranoceras pingue (Walliser, 1966)
(Text-figs 17-19)

1966. Sporadoceras (Iranoceras) pingue Walliser, p. 16, pl.
3, fig. 2, text-fig. 3n, o.

1966. Sporadoceras (Iranoceras) sphaericum Walliser, p.
16, pl. 2, fig. 7, text-fig. 3p, q.

DIAGNOSIS: Species of Iranoceras with thinly
pachyconic conch at 25 mm conch diameter (ww/
dm = 0.70) and thickly discoidal conch at 60 mm dm
(ww/dm = 0.60). Low to moderate coiling rate (WER
= 1.70-1.90) in the adult stage. Whorl profile with
converging flanks, conch widest near the umbilicus.
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Text-fig. 17. Iranoceras pingue (Walliser, 1966) from Kal-e-Sardar-NW, Iran. A —Specimen MB.C.26860; B — Specimen MB.C.26873. Scale
bar units = | mm

MATERIAL: Two more or less complete phragmo- e-Dorah and, one small specimen of 38 mm diameter
cone specimens and one incomplete specimen from from Kal-e-Sardar-S, Tabas Basin, Iran.
Kal-e-Sardar-NW, with conch diameters ranging

from 93 to 105 mm. In addition, there are three frag- DESCRIPTION: The cross section of specimen

ments, one from Kal-e-Sardar-NW, one from Howz- MB.C.26874 is imperfect because of some dissolu-
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Text-fig. 18. Iranoceras pingue (Walliser, 1966) from Kal-e-
Sardar-S, Iran, specimen AEU831. Scale bar units = 1 mm

tion and recrystallization, but it allows for the study
of conch ontogeny between 2 and 105 mm diameter
(see Table 6 for conch measurements). During this
interval the ontogeny of the conch width index is sim-
ple with a nearly continuous decrease from a value
of 0.95 down to 0.50. The whorl profile has a simple
outline during most of the interval; it is widest at the
umbilicus with converging flanks and a continuously
rounded venter (Text-fig. 19A).

Specimen MB.C.26860 is a somewhat corroded
phragmocone specimen with 104 mm diameter (Text-
fig. 17A); it possesses only small, strongly corroded
shell remains. The specimen displays conspicuous
septal crowding at the end of the phragmocone, while
the first half volution of the terminal phragmocone
has 13 septa, there are 17 septa in the second half.
The conch is thickly discoidal with a weakly opened
umbilicus (ww/dm = 0.50; uw/dm = 0.05, but the
umbilicus is smaller on the left side of the specimen).
The whorl profile is rounded triangular and widest at
the rounded umbilical margin, from where the flanks
strongly converge towards the rounded but rather
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narrow venter. The coiling rate is rather low (WER =
1.72). The suture line has, at the end of the terminal
phragmocone at 100 mm diameter, a rather small and
shallow, V-shaped first adventive lobe with nearly
rectangularly arranged flanks. The second adventive
lobe is very shallow, and the narrow external lobe
has about half of the depth of the first adventive lobe
(Text-fig. 19B).

Specimen MB.C.26873 has a diameter of 93 mm
and is nearly fully chambered (Text-fig. 17B). It is en-
crusted by a haematitic layer that does not show de-
tails of the shell surface. The conch is slightly stouter
than specimen MB.C.26860 and differs also in the
broader venter and in the higher coiling rate (WER =
1.89). The suture line has a narrower first adventive
lobe than specimen MB.C.26860.

The smaller, rather well-preserved specimen
AEUBS31 has a conch diameter of 38 mm and is fully
chambered (Text-fig. 18). It is pachyconic (ww/dm =
0.69) with an almost closed umbilicus and a moderate
coiling rate (WER = 1.92). The umbilicus is fun-
nel-shaped with a flattened oblique umbilical wall
and a pronounced umbilical margin. The conch is
widest at this place, from where the flanks converge
towards the broadly rounded venter. The suture line
is very similar to the large specimen MB.C.26860
with a V-shaped first adventive lobe and a very shal-
low second adventive lobe. Interestingly, the spacing
of the septa is very irregular; sometimes two or more
septa are crowded.

DISCUSSION: There is some variability within the
material. The combination of a lower coiling rate with
strongly converging flanks (specimen MB.C.26860)
in contrast to the combination of a higher coiling
rate with less strongly converging flanks (specimen
MB.C.26873) cannot be confirmed by other speci-
mens; the cross sections provided by Walliser (1966)
demonstrate an opposite pattern.

No. dm WW wh uw ah ww/dm ww/wh uw/dm WER 1z
MB.C.26874 105.4 53.2 58 3.0 26.8 0.50 0.92 0.03 1.80 0.54
MB.C.26860 104.2 52.3 60.2 52 24.8 0.50 0.87 0.05 1.72 0.59
MB.C.26873 933 51.0 53.8 35 254 0.55 0.95 0.04 1.89 0.53

AEUS831 38.2 26.2 22.2 1.3 10.6 0.69 1.18 0.03 1.92 0.52
105.70 53.68 60.09 1.33 27.38 0.51 0.89 0.01 1.82 0.54

59.04 35.64 33.59 | 0.37 15.45 0.60 1.06 0.01 1.83 0.54

31.04 20.40 17.71 0.20 8.96 0.66 1.15 0.01 1.98 0.49

MB.C.26874 16.14 11.62 8.94 0.50 4.37 0.72 1.30 0.03 1.88 0.51
8.53 6.97 4.52 0.60 2.09 0.82 1.54 0.07 1.76 0.54

4.87 4.01 2.40 0.65 1.30 0.82 1.67 0.13 1.86 0.46

2.64 2.47 1.32 0.35 0.63 0.94 1.87 0.13 1.72 0.53

Table 6. Conch dimensions (in mm) and ratios of specimens of Iranoceras pingue (Walliser, 1966)
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100
conch diameter (mm)

Text-fig. 19. Iranoceras pingue (Walliser, 1966) from Kal-e-Sardar-NW, Iran. A — specimen MB.C.26874; cross-section; B — specimen

MB.C.26860, at 104 mm dm, 52 mm ww, 60 mm wh; suture line; C-E — Ontogenetic development of the conch width index (ww/dm), umbil-

ical width index (uw/dm), whorl width index (ww/wh) and whorl expansion rate (WER) of sectioned and other selected specimens. Scale bar
units = 1 mm

Walliser (1966) stated that the two species un-
der discussion differ in the width of the umbilicus,
i.e., it should be completely closed in Sporadoceras
(Iranoceras) sphaericum. However, the figures do
not confirm this; in particular the cross sections
show a very similar conch geometry. The second
distinguishing character, i.e., the broader and more
symmetric first adventive lobe, may fall within the
intraspecific variation known from many sporadoc-
eratid species. Therefore, the two species are syn-
onymised here.

Subamily Xenosporadoceratinae Korn in Korn and
Klug, 2002

Genus Erfoudites Korn, 1999

TYPE SPECIES: Erfoudites zizensis Korn, 1999, p.
157; by original designation.

DIAGNOSIS: Genus of the subfamily Xenosporado-
ceratinae with a V-shaped first adventive lobe, a deep
and rounded or angular second adventive lobe and
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a deep, V-shaped internal lobe. Growth line course
convex.

INCLUDED SPECIES: See Korn (1999) and Korn et
al. (2015).

Erfoudites sp.
(Text-fig. 20)

1966. Sporadoceras (Sporadoceras) sp., ex aff. gr. descen-
dens; Walliser, p. 14, pl. 2, figs 5, 6, text-fig. 3d, e.

2004. Erfoudites ungeri; Becker et al., p. 128, text-fig.
7.1-3.

MATERIAL: One specimen from Kal-e-Sardar-NW,
Tabas Basin, Iran.

DESCRIPTION: The single specimen MB.C.26876
has a diameter of 38 mm and is embedded in a dark
grey, partly black limestone. The final third of the
last preserved volution belongs to the body cham-
ber. The conch is discoidal (ww/dm = 0.46) with a
completely closed umbilicus and a rather high coil-
ing rate (WER = 2.21). Portions of the shell are pre-
served; they show fine spiral lines (about 50 from
umbilicus to midventer) which are wider than their
interspaces. The weakly biconvex growth lines are
much finer than the spirals (Text-fig. 20). The inter-
nal mould shows constrictions of various length; the
last of these begins on the inner flank area where
it is forwardly directed to form a low ventrolateral
projection and a shallow ventral sinus. The suture
line has a V-shaped, acute first adventive lobe with
weakly convex flanks. The second adventive lobe is
also V-shaped but rounded at its base. It is very small

Text-fig. 20. Erfoudites sp., specimen MB.C.26876 from Kal-e-
Sardar-NW, Iran. Scale bar units = 1 mm

and reaches only 25 % of the depth of the A; lobe.
The V-shaped external lobe has nearly half the depth
of the A, lobe.
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