
INtroDuCtIoN

Cretaceous strata are widespread, very thick and

often fairly fossiliferous in different regions of Iran

(Zagros and Alborz mountains, Koppeh Dagh and

Central Iran; see Afshab-Harb 1994 and Davoudzadeh

1997 for overview). However, there is only limited in-

formation to date on the exact chronostratigraphy of

the units and their depositional environments. 

Ammonoids are comparatively common in the

Cretaceous strata of the Koppeh Dagh and have pre-

viously been used for the zonation of lithostratigraphic
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Warszawa.

seven species of the acanthoceratoidean genera Forbesiceras Kossmat, 1897, Mantelliceras Hyatt, 1903, Acantho-
ceras Neumayr, 1875 and Cunningtoniceras Collignon, 1937 are described and illustrated from the upper (i.e., Ceno-

manian) part of the Aitamir Formation of the Koppeh Dagh, northeast Iran. the mantelliceratines were collected from

lower Cenomanian silty shales while the rest of the fauna stems from lower middle Cenomanian glauconitic sand-

stones in the upper part of the formation. the ammonite association allows recognition of the lower lower Ceno-

manian Mantelliceras mantelli and the lower middle Cenomanian Acanthoceras rhotomagense zones. the upper

lower Cenomanian M. dixoni Zone is not proven by its index but is most likely represented by a unit of fossil-poor

shales intercalated between the two above-mentioned zones. the lowermost middle Cenomanian Cunningtoniceras
inerme Zone, however, is potentially at least partly missing due to a major sea-level fall and lowstand in the latest

Early to earliest middle Cenomanian. A preliminary sequence stratigraphic interpretation of the successions suggests

the presence of lower Cenomanian sequence boundaries sb Ce 1–3. the Aitamir Formation is truncated along a

major regional unconformity at the base of the overlying Abderaz Formation (turonian–Coniacian). the upper

Cenomanian and most likely also (parts of) the lower turonian are missing. this major unconformity has a tectonic

origin as it deviates from the eustatic sea-level trend which was very high at this time. Furthermore, contemporane-

ous tectonic unconformities are also known from Central Iran and may have their origins in rotational movements

of the Central-East Iranian microcontinent.
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sequence stratigraphy.
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formations (e.g., Immel et al. 1997). During fieldwork

in the eastern Koppeh Dagh (text-fig. 1), abundant

and well preserved ammonoids have been collected

from the Aitamir Formation, and the exact strati-

graphic levels of the specimens indicated in the meas-

ured sections (mosavinia 2008). this paper focuses

on the Cenomanian Acanthoceratoidea of the upper

Aitamir Formation of the eastern Koppeh Dagh of NE

Iran. Here, we use an ammonoid association for dis-

cussion of the biostratigraphy and sequence stratigra-

phy of the upper, i.e. Cenomanian part of the Aitamir

Formation.

GEoloGICAl sEttING

the Koppeh Dagh mountains (text-fig. 1) preserve

a very thick succession of marine Cretaceous strata

ranging from the barremian/Aptian to the maastricht-

ian (e.g. berberian and King 1981; Afshab-Harb 1994;

Immel et al. 1997). the sequence was deposited on the

northern shelf of a deeper marine basin separating the

Iran Plate from Eurasia (turan Plate) during the Creta-

ceous (text-fig. 2). Fault-related subsidence resulted in

the deposition of several kilometres of Cretaceous sed-

iments in the Koppeh Dagh basin (e.g., berberian and

King 1981; Afshab-Harb 1994). Depositional environ-

ments comprise carbonate platform (tirgan Formation,

barremian–lowermost Aptian), deeper marine marly

shelf (sarcheshmeh and sanganeh formations, Aptian–

lower Albian), siliciclastic shelf (Aitamir Formation,

Albian–Cenomanian) and pelagic chalky limestones

(Abderaz Formation, turonian–Coniacian). the Aita-

mir Formation (text-fig. 2) represents an up to 1,000 m

thick succession of fairly fossiliferous, fine- to medium-

grained, often glauconitic and/or bioclastic sandstones,

with sandstone-siltstone intercalations, and thick pack-

ages of dark grey to green, silty to fine sandy shales.

the depositional environment was a graded shelf with

of inner, mid- and outer shelf subenvironments

(mosavinia 2008).

the rich ammonite faunas of boreal (NW European)

affinity (seyed-Emami and Aryai 1981; seyed-Emami

et al. 1984; seyed-Emami 1988; Immel et al. 1997;

raisossadat 2006; mosavinia et al. 2007; Wilmsen and

mosavinia 2011) allow a precise biostratigraphic corre-

text-fig. 1. Geological map of NE Iran with indication of measured sections



lation with the mid-Cretaceous standard biozonations

(Hancock 1991; Gale 1995; Gradstein et al. 2004).

sECtIoNs

sections have been logged in the Koppeh Dagh

mountains north, northeast and east of mashad at the

following localities (text-fig. 1):

1 - Ghorghoreh, situated ca. 70 km E of mashad (co-

ordinates: N 36° 13′ 34″, E 60° 24′ 18″; altitude:

942 m). At Ghorghoreh, the upper Aitamir Forma-

tion is fairly thick, consisting of 350 m of Ceno-

manian shales. Close to the Albian–Cenomanian

boundary, a sharp-based, glauconitic bioclastic

sandstone bed, 3–5 m thick, is overlain by ca 20 m

of sandy, glauconitic shale, followed by a thick,

monotonous sequence of dark, olive-green silty

shales. 250 m and 300 m above the basal bioclas-

tic sandstone bed, two sharp-based, glauconitic-

bioclastic sandstone beds, 2–3 m thick, are

intercalated, up to which ammonoids of the lower

lower Cenomanian Mantelliceras mantelli Zone

occur. 350 m above the base, the marls and lime-

stones of the Abderaz Formation (turonian–Co-

niacian) follow, overlying an erosion surface. the

age of the uppermost 50-m-thick shale sequence of

the Aitamir Formation at Ghorghoreh is uncertain,

but a late Early Cenomanian age is inferred based

on sequence stratigraphic correlations (see below).

2 - taherabad, situated ca. 50 km NE of mashad (co-or-

dinates: N 36° 37′ 05″, E 60° 04′ 03″; altitude: 982

m). the taherabad section consists of ca. 250 m of

lower Cenomanian dark, silty shales, followed by

ca. 60 m of middle Cenomanian strata. In the middle

of the lower Cenomanian, a 3-m-thick, sharp-based

bioclastic, fossililiferous sandy limestone yielding bi-

valves and an 11-m-thick bundle of two sandstone

beds embracing sandy shale punctuate the succes-

sion. below those coarse-grained beds, ammonoids

of the M. mantelli Zone occur while the shales above

yielded no age-diagnostic ammonoids. based on the
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text-fig. 2. litho- and chronostratigraphy of the Iranian part of the Koppeh Dagh (cf. Afshab-Harb 1994) and plate tectonic setting of the study 

area (modified after Philip and Floquet 2000)



superposition by lower middle Cenomanian strata,

they are of inferred late Early Cenomanian age. the

lower Cenomanian succession is unconformably

overlain by a 16-m-thick unit of sandstone and sandy

shale, glauconitic in the upper part and containing

lower middle Cenomanian ammonoids. Above that,

ca. 40 m of dark, silty shales follow, erosionally over-

lain by the Abderaz Formation.

3 - Gharehsu, situated ca. 90 km N of mashad (co-or-

dinates: N 36° 58′ 36″, E 59° 41′ 02″; altitude:

1147 m). the Cenomanian part of the Aitamir For-

mation is relatively thick here, consisting of >300

m of silty shales and intercalated glauconitic sand-

stone. overlying shales with upper Albian am-

monoids (mosavinia 2008), a ca. 10-m-thick set of

two glauconitic sandstones with lower Cenoman-

ian Schloenbachia varians at the top occurs near

the Albian–Cenomanian boundary. like in taher-

abad, two sandstone intercalations punctuate the

lower Cenomanian succession, which is uncon-

formably overlain by a set of 10-m-thick glau-

conitic sandstones yielding lower middle

Cenomanian ammonoids at the top. the Aitamir

Formation is erosionally truncated at the uncon-

formable base of the overlying Abderaz Formation

consisting of (hemi-) pelagic marl and limestone.

synoptic sections, including all data concerning

litho-, bio- and sequence stratigraphy, are shown in the

discussion at the end of the paper.

systEmAtIC ACCouNt

the studied ammonoids are arranged systemati-

cally and described according to Wright et al. (1996).

All linear dimensions, taken with a Vernier Caliper,

are given in millimetres. the abbreviations used are:

maximum diameter (D), whorl breadth (Wb), whorl

height (Wh), breadth of umbilicus (u).

Cenomanian ammonoid faunas are well known. the

descriptions are thus kept short and the synonymies

contain only the first reference of the taxa, those being

of regional interest, important revisions and subsequent

references. the material is stored in the museum für

mineralogie und Geologie (mmG) of the senckenberg

Naturhistorische sammlungen Dresden (sNsD), Ger-

many (repository AsK) and the institutional collection

of the Payame Noor university, mashad, Iran (PNu).

superfamily Acanthoceratoidea de Grossouvre, 1894

Family Forbesiceratidae Wright, 1952

Genus Forbesiceras Kossmat, 1897

Forbesiceras baylissi Wright and Kennedy, 1984

text-fig. 3F

1984. Forbesiceras baylissi sp. nov. Wright and Kennedy,

p. 92, pl. 13, figs 3–5.

1998. Forbesiceras cf. baylissi Wright and Kennedy, 1984;

Kaplan et al. p. 114, pl. 11, fig. 4.

DImENsIoNs:

mAtErIAl: 5 specimens from the upper part of the

Aitamir Formation at taherabad and Ghorghoreh.

DEsCrIPtIoN: the whorl section is compressed, much

higher than wide (Wb/Wh = 0.36). Even in fragmentary

preservation, the involute coiling is clearly visible. the

ribs originate from faint tubercles situated at mid-flank.

on the outer flank, they flex forward and form clavate

tubercles. A row of siphonal tubercles is clearly visible.

DIsCussIoN: According to Wright and Kennedy

(1984, p. 93) and Kaplan et al. (1998, p. 114),

Forbesiceras baylissi is transitional between F.
largilliertianum (d’orbigny, 1841) und F. obtectum
(sharpe, 1853). F. baylissi differs from other forbesicer-

atids in its prominent, strong ribs which are bent for-

wards. Furthermore, the row of siphonal tubercles is a

characteristic feature of the species. the specimens de-

scribed herein are similar to the holotype as illustrated

by Wright and Kennedy (1984, pl. 13, fig. 4).

DIstrIbutIoN: the material from taherabad stems

from the upper, sandy beds of the Aitamir Formation and

has been collected together with Acanthoceras rhotoma-
gense (brongniart, 1822), confirming an early middle

Cenomanian age. the specimens from Ghorghoreh are

from the upper lower Cenomanian (uppermost Mantel-
liceras mantelli or lower M. dixoni Zone). the type spec-

imens from England are either late Early (M. dixoni
Zone) or early middle Cenomanian (Acanthoceras rho-
tomagense Zone) in age (Wright and Kennedy 1984).

the species is reported for the first time from Iran.

Family Acanthoceratidae de Grossouvre, 1894

subfamily mantelliceratinae Hyatt, 1903

Genus Mantelliceras Hyatt, 1903

Mantelliceras mantelli (j. sowerby, 1814)

text-figs 3A–E
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Specimen D Wh Wb Wb/Wh U

At. ta. F6 – 22 8 0.36 –
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text-fig. 3. mantelliceratinae and Forbesiceratidae from the Aitamir Formation of the Koppeh Dagh, NE Iran. All figures in natural size. 

A-E – Mantelliceras mantelli (j. sowerby, 1814) from Ghorghoreh (A1-A4, specimen At.Go.f34.2; b1-b4, specimen At.Go.f27.3; C1-C3,

specimen At.Go.f34.3; D1-D4, specimen At.Go.f36.1; E1-E4, specimen At.Go.f2). F – Forbesiceras baylissi Wright and Kennedy, 1984; 

specimen At.ta. F6 from taherabad



1814. Ammonites mantelli j. sowerby, p. 119, pl. 55 [only

lower figure].

1981. Mantelliceras mantelli (j. sowerby); seyed-Emami and

Aryai, p. 32, pl. 8, figs 5a–c.

1984. Mantelliceras mantelli (j. sowerby, 1814); Wright and

Kennedy, p. 99, pl. 16, fig. 5; pl. 17, figs 1, 3; pl. 18, figs

1–3; pl. 19, figs 1–6; pl. 21, figs 2, 4; pl. 24, fig. 3; pl.

36, fig. 1; text-figs 20A–D, 26A, C, E. [with synonymy]

1986. Mantelliceras mantelli (j. sowerby, 1814); Kennedy et
al., p. 22, figs 2, 4a–g, 10d, e, 23a, b, f.

1994. Mantelliceras mantelli (j. sowerby, 1814); Kennedy,

p. 222, pl. 7, figs 1, 2, 9.

1996. Mantelliceras mantelli (j. sowerby, 1817); Gale et al.,

p. 561, figs 7q, 15d, 19d, i.

1997. Mantelliceras mantelli (j. sowerby); Immel et al.,
p.169.

1997. Mantelliceras mantelli (j. sowerby); Wilmsen, pl. 6,

fig. 6; pl. 23, fig. 4.

1998. Mantelliceras mantelli (j. sowerby, 1814); Kaplan et
al., p. 115, pl. 17, figs 12, 13; pl. 19, figs 1–9; pl. 22,

figs 3, 4; pl. 23, fig. 8; pl. 24, figs 4–6; pl. 25, figs 1-5.

2002. Mantelliceras mantelli (j. sowerby, 1814); Amédro et
al., p. 10, pl. 3, fig. 1, pl. 4, fig. 1.

2009. Mantelliceras mantelli (j. sowerby, 1814); Wilmsen et
al., p. 114, fig. 3.

2010. Mantelliceras mantelli (j. sowerby, 1814); Wilmsen

and Niebuhr, p. 270, fig. 4A.

DImENsIoNs:

mAtErIAl: more than 150 specimens from

Ghorghoreh. most specimens are fully septate inner

whorls and diameters range between 21 and 70 mm.

DEsCrIPtIoN: Coiling is involute to moderately evo-

lute. the whorl section is slightly depressed in small and

slightly compressed in larger specimens, with circular

to oval intercostal and polygonal costal whorl sections.

the umbilicus is moderately deep, with a steep wall. the

ornament consists of primary ribs arising at the umbili-

cal margin and irregularly long secondary ribs. All ribs

are radial on the inner flank, flexing forward slightly on

the outer flank. Primary ribs carry umbilical, lateral as

well as inner and outer ventrolateral tubercles, the for-

mer ones being absent on secondary ribs. tuberculation

is less distinct in larger specimens. on the venter, the

ribs are straight and somewhat weakened.

DIstrIbutIoN: Mantelliceras mantelli has long

been used as the ammonoid zonal index of the lower

lower Cenomanian (e.g., Hancock 1991), but the base

of the Cenomanian stage is now placed at the first oc-

currence of the planktonic foraminifer Rotalipora
globotruncanoides sigal, slightly below the entry of

representatives of the genus Mantelliceras (Gale et al.
1996; tröger and Kennedy 1996). However, in the ab-

sence of microfossil data, ammonoids are still fairly

precise secondary markers, and M. mantelli is widely

distributed in Europe, northern Africa, madagascar,

Iran, India and japan (Wright and Kennedy 1984).

Mantelliceras cantianum spath, 1926a

text-figs 4A, b, H

1926a. Mantelliceras cantianum spath, p. 82.

1984. Mantelliceras cantianum spath, 1926a; Wright and

Kennedy, p. 103, pl. 17, fig. 2; pl. 20, fig. 3; pl. 21, fig.

3; pl. 24, figs 1, 2, 4–6; pl. 25, figs 1–6; pl. 26, figs 1,

2, 4, 5; text-figs 25a, 27e-n, j–l. [with synonymy]

1985. Mantelliceras cantianum spath; Immel and seyed-

Emami, pl. 4, fig. 6. 

1986. Mantelliceras cantianum spath, 1926; Kennedy et al.,
p. 31, figs 2b, e, 6a–e, 7, 8a–c; 16i–j, 18a–e, 20e–f.

1994. Mantelliceras cantianum spath, 1926a; Kennedy, p.

223, pl. 8, figs 10, 11.

1997. Mantelliceras cantianum spath; Immel et al., p. 170.

1998. Mantelliceras cantianum spath, 1926a; Kaplan et al.,
p. 116, pl. 18, figs 5, 6, 10, 11; pl. 20, figs 2, 3; pl. 21,

figs 1–3; pl. 26, fig. 6. [with additional synonymy]

2002. Mantelliceras cantianum spath, 1926a; Amédro et al.,
p. 10, pl. 3, fig. 3, pl. 4, fig. 2.

DImENsIoNs:

mAtErIAl: 17 specimens from Ghorghoreh.

DEsCrIPtIoN: the present specimens are moder-

ately involute with a deep umbilicus. the whorl sec-

tion is subquadrate in early stages, becoming depressed

with a rounded venter during ontogeny. the ornament

consists of coarse, slightly flexuous primary ribs alter-

nating with one or two short unlevelny long interca-
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Specimen D Wh Wb Wb/Wh U

At.Go. F34III 27 12 16 1.33 ca.7

At.Go. F2 70 34 31 0.91 19

At.Go. F34II 21 10 14 1.4 6

At.Go. F36I 24 12 ca. 12 ca. 1 6

At.Go. F27III 23 11 14 1.27 7

At.Go. F27I 30 15 14 0.93 ca.8

Specimen D Wh Wb Wb/Wh U

At. Go. F24 II 29 13 18 1.38 9

At. Go. F37 III – 22 ca. 26 ca. 1.18 –

At. Go. F35 III 16 10 9 0.9 4
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text-fig. 4. mantelliceratinae from the Aitamir Formation of the Koppeh Dagh, NE Iran. All specimens from Ghorghoreh and in natural size.

A, B – Mantelliceras cantianum spath, 1926a (A1-A4, specimen At.Go.f35.3; b1-b4, specimen At.Go.f24.2). C, F, G – Mantelliceras saxbii
(sharpe, 1857) (C1-C4, specimen At.Go.f35.1; F1-F4, specimen At.Go.f14.1; G1-G4, specimen At.Go.f24). D, E – Mantelliceras lymense
(spath, 1926b) (D1-D3, specimen At.Go.f13; E1-E4, specimen At.Go.f6). H – Mantelliceras cantianum spath, 1926 (specimen At.Go.f37.3)



lated ribs. the primaries of early whorls are quadritu-

berculate with umbilical, lateral as well as inner and

outer ventrolateral tubercles, resulting in polygonal

costal whorl sections (text-fig. 4b). the inner ventro-

lateral tubercles usually disappear soon during on-

togeny so that straight to slightly convex, largely

untuberculated ribs cross the broad venters of larger

specimens (text-fig. 4H). ribs are relatively distant

(28–30 per whorl).

DIstrIbutIoN: Mantelliceras cantianum occurs in

the lower Cenomanian M. mantelli and M. dixoni
Zones. It is known from many places in Europe, Iran,

madagascar and japan (Wright and Kennedy 1984).

Mantelliceras lymense (spath, 1926b)

text-figs 4D, E

1926b. Eucalycoceras lymense spath, p. 427, 431.

1984. Mantelliceras lymense (spath, 1926b); Wright and

Kennedy, p. 102, pl. 10, figs 9; pl. 22, figs 1–6; pl.

23, figs 1–3; pl. 31, figs 1, 2; pl. 36, fig. 4; text-figs

19; 24 A, b; 26 D; 28 F–j. [with synonymy]

1986. Mantelliceras lymense (spath, 1926b); Kennedy et
al., p. 27, fig. 19j, l.

1994. Mantelliceras lymense (spath, 1926a); Kennedy, p.

224, pl. 7, figs 3, 4, 10, 11; pl. 11, fig. 2.

1996. Mantelliceras lymense (spath, 1926b); Gale et al.,

p. 563, figs 7q, 15d, 19d, i.

1997. Mantelliceras lymense (spath); Wilmsen, pl. 18, fig. 7.

2008. Mantelliceras lymense (spath, 1926b); Kennedy et
al., p. 131, pl. 5, fig. 16.

DImENsIoNs:

mAtErIAl: more than 30 specimens from

Ghorghoreh.

DEsCrIPtIoN: the general ribbing pattern of this

species is similar to that of M. mantelli. However, the

whorl section is slightly depressed and the tubercula-

tion is different: lateral tubercles are absent and the

inner ventrolateral tubercles disappear early in on-

togeny; the umbilical tubercles may be strong and

overhang the vertical umbilical wall. Furthermore, the

ribbing density is slightly higher in M. mantelli (ca.

40 per whorl) and the intercalated ribs are more nu-

merous (up to three).

DIstrIbutIoN: Mantelliceras lymense occurs in

the lower lower Cenomanian M. mantelli Zone and

is known from Europe, northern Africa, madagascar

and the middle East, including Iran and Kazakhstan

(Wright and Kennedy 1984; Kennedy et al. 2008).

Mantelliceras saxbii (sharpe, 1857)

text-fig. 4C, F, G

1857. Ammonites saxbii sharpe, p. 45, pl. 20, fig. 3.

1981. Mantelliceras saxbii (sharpe); seyed-Emami and

Aryai, p. 34, pl. 8, fig. 7, 8a–b; pl. 9, figs 1a–c, 2a–c.

1984. Mantelliceras saxbii (sharpe, 1857); Wright and

Kennedy, p. 121, pl. 23, fig. 4; pl. 32, figs 1–3; pl. 33,

figs 1–4; pl. 34, figs 1–4; pl. 35, figs 1–5; pl. 36, figs

2, 3; pl. 39, fig. 1; text-figs 25b–D, I, 26b, 28l–P.

[with synonymy]

1986. Mantelliceras saxbii (sharpe, 1857); Kennedy et al.,
p. 43, figs 1c; 2d; 9; 11e; 14b, c; 16a–d, g, h, k, l.

1994. Mantelliceras saxbii (sharpe, 1857); Kennedy, p. 224,

pl. 7, fig. 11; pl. 8, fig. 7.

1997. Mantelliceras saxbii (sharpe, 1857); Immel et al., p.

170.

1997. Mantelliceras saxbii (sharpe); Wilmsen, pl. 24, figs 1, 2.

1998. Mantelliceras saxbii (sharpe, 1857); Kaplan et al., p.

118, pl. 18, figs 1, 9 pl. 20, fig. 1; pl. 24, fig. 3; pl. 26,

figs 7, 8; pl. 41, 2, 4. [with additional synonymy]

2003. Mantelliceras saxbii (sharpe); Kawabe et al., pl. 2,

fig. 1.

2005. Mantelliceras saxbii (sharpe, 1857); Aly et al., p. 370,

pl. 7, figs 2, 3.

2008. Mantelliceras saxbii (sharpe, 1857); Kennedy et al.,
p. 130, pl. 5, fig. 13.

DImENsIoNs:

Specimen D Wh Wb Wb/Wh U

At. Go. F14I 39 20 16 0.8 11

At. Go. F24I 42 21 17 0.81 11

At. Go. F35 I 29 16 10 0.62 6

mAtErIAl: more than 20 specimens from

Ghorghoreh.

DEsCrIPtIoN: the coiling is rather involute, with

a compressed whorl section. the flanks are flat to

slightly convex. Primary ribs arise at the umbilical

margin, often strengthened into umbilical bullae

(text-fig. 4F). up to four irregularly long second-

ary ribs are intercalated. All ribs are prosiradiate and

somewhat flexuous, carrying weak inner and promi-

nent outer ventrolateral tubercles, the latter ones
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Specimen D Wh Wb Wb/Wh U

At. Go. F13 34 17 18 1.06 7

At. Go. F6 37 – 17 – 8
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text-fig. 5. Acanthoceratinae from the Aitamir Formation of the Koppeh Dagh, NE Iran. All specimens from taherabad and in natural size. A-

C – Acanthoceras rhotomagense (brongniart, 1822) (A1-A4, specimen At.ta. 1F1.54; b1-b3, specimen At.ta. F1; C1-C2, specimen At.ta. 2F14)



being clavate. the two rows of clavi join the flat,

narrow venter which is crossed by straight, weak-

ened ribs. specimen At.Go.f24 (text-fig. 4F) shows

weak lateral tubercles at the end of the preserved

whorl.

DIstrIbutIoN: Mantelliceras saxbii is an Early

Cenomanian species of the M. mantelli Zone that may

range, as a rarity, into the succeeding M. dixoni Zone

(Wright and Kennedy 1984). It is particularly common

in the upper of the three subzones of the M. mantelli
Zone, i.e. the M. saxbii subzone. the species is known

from Europe, northern and southern Africa, madagas-

car and the middle East, including Iran and Kaza-

khstan (Kennedy et al. 2008).

subfamily Acanthoceratinae de Grossouvre, 1894

Genus Acanthoceras Neumayr, 1875

Acanthoceras rhotomagense (brongniart, 1822)

text-figs 5A–C

1822. Ammonites rhotomagensis Defr. brongniart, p. 83,

391, pl. 6, fig. 2.

1984. Acanthoceras tapara Wright; seyed-Emami et al., p.

161, text-fig. 2, fig. 2a, b.

1987. Acanthoceras rhotomagense (brongniart, 1822);

Wright and Kennedy, p. 156, pl. 42, fig. 8; pl. 44, figs

1–11; pl. 45, figs 1–5; pl. 46, figs 1–4, 6; pl. 47, figs

1, 2; pl. 48, figs 1, 2; pl. 49, 1, 5, 6; text-figs 47–54;

63F–j; 64A, b; 65A–D, K; 66D, F, G, j; 67A–G; 68;

69. [with synonymy]

1993. Acanthoceras rhotomagense (brongniart, 1822);

Kennedy and juignet, p. 171, figs 1c; 10b, c; 11a, q;

12a–h; 13a–d; 14a–e, h, I; 15a, b; 16a–c; 17a, b.

1994. Acanthoceras rhotomagense (brongniart, 1822);

Kennedy, p. 225, pl. 7, figs 5, 6; pl. 8, figs 8, 9; pl. 10,

figs 5, 6.

1997. Acanthoceras tapara Wright, 1963; Immel et al., p.

170.

1997. Acanthoceras rhotomagense (brongniart); Wilmsen,

pl. 12, figs 5, 6; pl. 15, fig. 2.

1998. Acanthoceras rhotomagense (brongniart, 1822); Ka-

plan et al., p. 140, pl. 41, fig. 3; pl. 42, fig. 1, 2; pl. 43,

44–46; pl. 47, fig. 1–3; pl. 54, fig. 1, 3, 4 [with addi-

tional synonymy]

2004. Acanthoceras rhotomagense (brongniart, 1822); bar-

roso barcenilla, p. 88, pl. 1, figs 1a, b.

2007. Acanthoceras rhotomagense (brongniart, 1822);

Wilmsen et al., p. 433, fig. 4I, j.

2008. Acanthoceras rhotomagense (brongniart, 1822);

Wilmsen and rabe, fig. 5I, j.

DImENsIoNs:

mAtErIAl: 15 in part complete specimens from the

top of the uppermost glauconitic sandstone of the Aita-

mir Formation at taherabad and Gharehsu.

DEsCrIPtIoN: the studied specimens are fairly evo-

lute with quadrate to slightly depressed intercostal whorl

sections (costal sections are polygonal). the umbilicus

is deep with vertical walls and a rounded umbilical

shoulder. strong ribs carrying weak umbilical bullae

arise from the upper part of the umbilical wall. rare in-

tercalated ribs are present. the ribs are straight to slightly

flexed and carry conical inner and slightly clavate outer

ventrolateral tubercles. the ribs weaken across the ven-

ter and bear a row of siphonal clavi. larger specimens

show the egression of the body chamber.

DIstrIbutIoN: the Koppeh Dagh specimens were

collected from the uppermost sandy-glauconitic beds

of the Aitamir Formation at taherabad and Gharehsu.

the species is the index for the eponymous lower

middle Cenomanian ammonite zone, being known

from many parts of Europe, northern Africa, the mid-

dle East (including Iran) and northern Australia

(Wright and Kennedy 1987).

Genus Cunningtoniceras Collignon, 1937

Cunningtoniceras cunningtoni (sharpe, 1855)

text-figs 6A, b, 7A, b

1855. Ammonites cunningtoni sharpe, p. 35, pl. 15, fig. 2.

1984. Euomphaloceras cunningtoni (sharpe); seyed-

Emami et al., p. 160, text-fig. 2, fig. 1a, b, text-fig. 5,

fig. 3a, b,.

1987. Cunningtoniceras cunningtoni (sharpe, 1855); Wright

and Kennedy, p. 196, pl. 52, fig. 2; pl. 53, fig. 4; text-

figs 76–78. [with synonymy]

1993. Cunningtoniceras cunningtoni (sharpe, 1855);

Kennedy and juignet, p. 174, figs 15c, d; 21c; 27c, d.

1994. Cunningtoniceras cunningtoni (sharpe, 1855);

Kennedy, p. 226.

1997. Cunningtoniceras cunningtoni (sharpe, 1855); Immel

et al., p. 170, pl. 8, fig. 1.

1998. Cunningtoniceras cunningtoni (sharpe, 1855); Kap-

lan et al., p. 146, pl. 56, fig. 5, pl. 57.
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Specimen D Wh Wb Wb/Wh U

At. ta. F1 51 24 30 1.25 14

At. ta. F3 44 20 22 1.1 – 

At. ta. F4 62 30 38 1.26 ca. 20
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text-fig. 6. Acanthoceratinae from the Aitamir Formation of the Koppeh Dagh, NE Iran. All specimens from taherabad and in natural size. 

A, B – Cunningtoniceras cunningtoni (sharpe, 1855) (A1-A4, specimen At.ta. 2F15; b1-b4, specimen At.ta. F7)



DImENsIoNs:

mAtErIAl: Five specimens from the uppermost

sandstone layer of the Aitamir Formation at taher-

abad, associated with Acanthoceras rhotomagenese.

DEsCrIPtIoN: the specimens are evolute, mostly

depressed, and strongly tuberculate. the umbilicus is

deep and ca. 15 ribs per whorl arise at the upper um-

bilical wall, carrying strong tubercles low on the

flanks, close to the umbilical shoulder. the ribs are

straight to slightly flexed and bear spinose inner and

conical to clavate outer ventrolateral tubercles. A row

of slightly clavate siphonal tubercles is also present.

on the venter, between the rather distant primary ribs,

one to two intercalated ribs appear, carrying weakened

outer ventrolateral and siphonal tubercles.

Zaborski (1985) illustrated a number of subspecies

of Cunningtoniceras cunningtoni from Nigeria which

mainly fall into the synonymy of the nominate species

(Wright and Kennedy 1987). In particular, some of the

specimens figured as C. cunningtoni meridionale
(stoliczka) by Zaborski (1985, figs 45, 46) are very

similar to the Koppeh Dagh material.

DIstrIbutIoN: the specimens were collected from

the uppermost sandy-glauconitic bed of the Aitamir

Formation at taherabad. According to Wright and

Kennedy (1987), C. cunningtoni occurs in the middle

Cenomanian (where stratigraphically well constrained

in the A. rhotomagense Zone, T. costatus subzone) and

is known from western Europe, northern Africa, Nige-

ria, Angola, madagascar, Iran, India, japan, New

Guinea, northern Australia and the u.s. Western Inte-

rior. Gale (1995), however, introduced the C. inerme
Zone at the base of the middle Cenomanian and men-

tioned C. cunningtoni as a common element of this pre-

A. rhotomagense zone (see text-fig. 8). As shown by

Wilmsen et al. (2007), there is an overlap of C. inerme,

A. rhotomagense and T. costatus, and the base of the A.

rhotomagense Zone is defined by the first occurrence

of its index species. thus, the record from the Koppeh

Dagh is most likely from the lower A. rhotomagense
Zone. However, it cannot be excluded that the glau-

conitic bed with C. cunningtoni and A. rhotomagense
is condensed and includes the upper C. inerme as well

as the lower A. rhotomagense zones (see below).

DIsCussIoN AND CoNClusIoNs

Hoplitoidea and Acanthoceratoidea characterize

the ammonite association of the upper parts of the

Aitamir Formation of the Koppeh Dagh, associated

with a number of mainly turrilitid heteromorphs

(Immel et al. 1997; mosavinia 2008) which are also

well known from the turkmenistan (formerly soviet

union) part of the Koppeh Dagh (Atabekian 1985).

Apart from Forbesiceras baylissi, all acanthocera-

toidean species briefly discussed herein have been

mentioned or described from the region before

(Kennedy et al. 1979; seyed-Emami and Aryai 1981;

seyed-Emami et al. 1984; Immel et al. 1997). How-

ever, the excellent preservation and abundance of the

fauna, together with significant progress in taxonomy

and biostratigraphy, call for publication of the present

study. Furthermore, the biostratigraphic data are used

for a first attempt at a sequence stratigraphic interpre-

tation of the upper Aitamir Formation.

the ammonite fauna allows unequivocal recogni-

tion of the lower lower Cenomanian Mantelliceras
mantelli and lower middle Cenomanian Acanthoceras
rhotomagense zones of the Cenomanian standard

zonation (Hancock 1991; Gale 1995; Gradstein et al.
2004; text-figs 8, 9). the M. mantelli Zone is proven

by its index and other mantelliceratines as well as nu-

merous turrilitids (mosavinia 2008). the Albian–

Cenomanian boundary is not well constrained by

ammonoids and is tentatively placed slightly above a

sedimentary unconformity below which upper Albian

ammonoids (such as Idiohamites dorsetensis spath of

the Mortoniceras perinflatum Zone) and above which

(lower) Cenomanian ammonoids such as Schloen-
bachia varians (j sowerby) and Placenticeras medi-
asiaticum luppov occur (Kennedy et al. 2008;

Wilmsen and mosavinia 2011; cf. text-fig. 8). the

upper lower Cenomanian M. dixoni Zone is not

proved by its index but is most likely represented by

a 50–70-m-thick unit of shales above the M. mantelli
Zone and below the basal sandstone beds of the mid-

dle Cenomanian. the lowermost middle Cenomanian

Cunningtoniceras inerme Zone, however, is poten-

tially at least partly missing due to a gap at the base of

the glauconitic sandstones in the upper part of the for-

mation that yield A. rhotomagense at the top associ-

ated with C. cunningtoni. According to Gale (1995),

C. cunningtoni is a typical element of the C. inerme
Zone, but its co-occurrence with A. rhotomagense sug-

gests a slightly younger position of the ammonite level

at the base of the succeeding A. rhotomagense Zone

(text-fig. 8). Alternatively, it indicates a slightly con-

densed level (see below). the widespread absence of

AbDolmAjID mosAVINIA AND mArKus WIlmsEN
186

Specimen D Wh Wb Wb/Wh U

At. ta. F2 – 30 46 1.53 –

At. ta. F5 74 36 52 1.44 22

At. ta. F7 74 42 46 1.09 22

At. ta.1F1.33 74 32 50 1.56 26
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text-fig. 7. Acanthoceratinae from the Aitamir Formation of the Koppeh Dagh, NE Iran. All specimens from taherabad and in natural size. 

A, B – Cunningtoniceras cunningtoni (sharpe, 1855) (A1-A2, specimen At.ta. 1F1.33; b1-b4, specimen At.ta. F5)



the (lower) C. inerme Zone is related to a major sea-

level fall and lowstand in the lower–middle Ceno-

manian boundary interval that is known from many

Cretaceous basins (sequence boundary Cenomanian

3; robaszynski et al. 1998; Wilmsen 2003, 2007;

Wilmsen et al. 2007). the presence of A. rhotoma-
gense in the upper part of the Aitamir Formation indi-

cates the lower middle Cenomanian A. rhotomagense
Zone, associated with the subzonal index Turrilites
costatus lamarck (cf. text-figs 8, 9). upper Ceno-

manian ammonoids have not yet been proved for the

Iranian Koppeh Dagh (Immel et al. 2007; mosavinia

2008), suggesting a major stratigraphic gap at the base

of the overlying Abderaz Formation.

the aforementioned discussion on the potential ab-

sence of the C. inerme Zone as a result of a sea-level

fall and lowstand raises the question of sequence

stratigraphy. Eustatic sea-level changes of the Ceno-

manian stage are well known and the major uncon-

formities can be traced over large distances

(robaszynski et al. 1998; Gale et al. 2002, 2008;

Wilmsen 2003, 2007). A sequence stratigraphic inter-

pretation of the upper Aitamir Formation is suggested

in text-fig. 9.

A 5–10-m-thick sandstone intercalation into the

outer shelf silty shales of the Aitamir Formation may

be the expression of shallowing associated with a se-

quence boundary (sb) in the Albian–Cenomanian

boundary interval (sequence boundary sb Al 11 of

Hardenbol et al. 1998). support for this comes from

the ammonoid record (text-fig. 9). the sandstone bed

is overlain by lower lower Cenomanian offshore ma-

rine silty shales of the M. mantelli Zone. At all three

localities, the sharp bases of either several metres thick

shallow-water sandy bioclastic limestone or glau-

conitic sandstone beds  in the middle part of the lower

Cenomanian are tentatively interpreted as sequence

boundaries Cenomanian 1 and 2 (mid- and uppermost

M. mantelli Zone; see Wilmsen 2003). Above the

upper sandy unit, an interval of offshore shales is at-

tributed to the transgressive and highstand of deposi-

tional sequence (Ds) Ce 3 (upper lower Cenomanian

M. dixoni Zone; see robaszynski et al 1998; Wilmsen

2003). the shales are unconformably overlain by a

sharp-based sandstone unit, the base of which repre-

sents sb Ce 3 in the uppermost lower Cenomanian.

the lower part of the 10–16-m-thick interval of sand-

stone and sandy shales (preserved at taherabad and

Ghareshu) may represent the lowstand of Ds Ce 4

(and then may partly be an equivalent of the C. inerme
Zone), but the upper part of glauconitic sandstone is

clearly transgressive and already yields Acanthoceras
rhotomagense zonal ammonoids, specifically from the

lower Turrilites costatus subzone (mosavinia 2008).

As the transgressive onlap of Ds Ce 4 clearly started

in the upper part of the C. inerme Zone (Wilmsen et al.
2007), the co-occurrence of C. cunningtoni an A. rho-
tomagense may thus be explained by a condensation

of the upper C. inerme and lower A. rhotomagense
zones. the lower–middle Cenomanian boundary in-

terval of the Koppeh Dagh thus displays the same pro-

nounced regressive–transgressive cycle as reported

from Europe and elsewhere (Wilmsen, 2003, 2007;

Wilmsen et al. 2007; Gale et al. 2008). the offshore

shales overlying the transgressive sandstones of the

lower A. rhotomagense Zone are interpreted as later

transgressive and highstand deposits of middle Ceno-

manian Ds Ce 4 (no upper Cenomanian ammonoids

have been reported from the Koppeh Dagh so far).

the top of the Aitamir Formation is not of the

same age throughout the Koppeh Dagh (Immel et al.,
1997; mosavinia, 2008; text-fig. 9). It is nowhere

younger than middle Cenomanian but was progres-

sively truncated from east to west before the deposi-

tion of the turonian–(lower) Coniacian Abderaz

Formation (pre-Abderaz unconformity). upper Ceno-

manian and potentially also lower turonian strata are
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text-fig. 8. bio- and sequence stratigraphic chart of the upper Albian

– Cenomanian (compiled after robaszynski et al. 1998, Wilmsen

2003 and Amédro 2008, 2009). Fsst = falling stage systems tract;

lst = lowstand systems tract; tst = transgressive systems tract; 

Hst = highstand systems tract



missing (Afshab-Harb 1994; Immel et al. 1997;

mosavinia 2008). this major unconformity with the

erosion of up to several hundreds of metres of sedi-

ments down into the upper Albian (Immel et al. 1997)

cannot be explained by eustatic sea-level changes as it

deviates from the global sea-level trend, which

reached a Phanerozoic high at this time (e.g., Harden-

bol et al. 1998; in the shotori mountains of Central

Iran, marine strata onlap a significant palaeo-relief at

that time; Wilmsen et al. 2005). Its formation requires

CrEtACEous AmmoNoIDEA tHE KoPPEH DAGH, NE IrAN
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text-fig. 9. stratigraphic correlation diagram of the upper Aitamir Formation using bio- and sequence stratigraphic data. Note major unconformity 

at the base of the Abderaz Formation. see text for further explanations and text-fig. 1 for location of sections



substantial regional uplift along fault-blocks. Con-

temporaneous tectonic activity associated with major

uplift and erosion is also known from Central Iran

(Wilmsen et al. 2010) and may have its origin in the

post-Cimmerian rotation of the Central-East Iranian

microcontinent (Wilmsen et al. 2009b). tectonic ac-

tivity during the late Cenomanian–Early turonian has

also been reported from northern spain (reitner et al.
1995; Wiese and Wilmsen 1999; Wilmsen 2000), and

may thus not be restricted to the middle East.
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