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ABSTRACT
The Maastrichtian Aqra Formation around Mawat-Chwarta (Sulaimaniya city) in NE 
Iraq consists mainly of coarse grained detrital limestone, locally containing terrigenous 
clastics, and is characterized by abundant rudists in life position. The rudist biostromes 
are very common in the formation and benthic foraminifers, gastropods and non-rudist 
bivalves with scarcer echinoderms and solitary corals are associated with the rudists. This 
first determination of rudists from NE Iraq recognizes the following species, Dictyoptychus 
aff. morgani, Sauvagesia somalica, Hippurites cornucopiae, Praeradiolites subtoucasi 
and Lapeirousia  jouanneti, as well as some indeterminable radiolitid sections. This rudist 
fauna is assigned to the Hippurites cornucopiae interval zone indicating a mid to Late 
Maastrichtian age. Dictyoptychus is an endemic rudist genus for the Arabian Plate, to which 
Sauvagesia somalica also seems to be limited. Other determined species are recorded 
mostly from the central-eastern Mediterranean Tethys, and to a lesser extend from the 
Arabian Plate.  The determination of rudists from NE Iraq fills an important gap in terms 
of the taxonomic database and palaeobiogeography. The data on the rudist fauna reveals 
the existence of a shallow marine dispersal route for rudist larvae during the Maastrichtian 
along the area of the present Zagros fold-thrust belt from SE Turkey across NE Iraq towards 
SW Iran.
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FIRST DETERMINATION OF RUDISTS (BIVALVIA) FROM NE IRAQ:  
SYSTEMATIC PALAEONTOLOGY AND PALAEOBIOGEOGRAPHY

1. Introduction

Our knowledges of the Upper Cretaceous 
rudists of northern Iraq is limited by the absence of 
systematic studies. Only one or two genera or species 
have been documented so far, as follows: Eoradiolites 
liratus Conrad and Caprinula sp. were announced by 
Dubertret (1966) from the Cenomanian beds around 
Ga’ara and Rutbah (western Iraqi, Syrian Deserts) 
and some radiolitids and hippuritids were cited from 
the type area of the Maastrichtian Aqra Formation in 
northern Iraq by Bellen et al. (1959), Buday (1980), 
Karim (2004) and Sadiq (2009).  

The rudist specimens of the present study 
were extracted from the three following measured 

stratigraphic sections of the Aqra Formation in the 
Mawat-Chwarta area, north-northeast of Sulaimaniya 
city (Figure 1):

1- Khewata section: West of Khewata village at 6 
km south of Mawat town at the intersection of 
latitude (35o 48- 25.06= N) and longitude (45o 
26- 34.35= E). 

2- Sura Qalat section: 2km to the northwest of 
Suraqalat town and 8 km to the south of Mawat 
town at the intersection of latitude (35o 47- 
5.10= N) and longitude (45o 26- 32.50= E).

3- Sherawezha section: 1km west of Sherawezha 
village at south east of Chwarta town, along the 
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eastern and western banks of the Qalachwallan 
stream at the intersection of latitude (35o 41-  
21.90= N ) and longitude (45o 36- 20.63= E).

The aim of this study is mainly to describe the 
rudists collected from NE Iraq and also to show 
their palaeobigeographic importance in the Arabian 
platform. Isolated rudist specimens are held in the 
S. Özer collection in Dokuz Eylul University, İzmir, 
Turkey. 

2. Geological Setting And Stratigraphy   

The studied area represents the northeastern 
margin of the Arabian Plate, where the previous Early 
Cretaceous platform was transformed to a foreland 
basin during the Late Cretaceous. This transformation 
was due to either ophiolite obduction (Buday, 1980; 
Buday and Jassim,1987; Jassim and Goff, 2006) or 
to the continental collision of the Iranian and Arabian 
plates (Karim, 2004; Karim and Surdashy, 2006). 

According to Karim (2005), the Mawat-Chwarta 
area consists of a large graben which was formed 
by two transverse normal faults. Geographically, 
the northern part of the area is occupied by ophiolite 
(Late Cretaceous) and Naoperdan Series thrust sheets 
while the northeastern part is covered by the Qulqula 
Formation (Early Cretaceous). The carbonates of 
Early and Middle Cretaceous age are exposed in the 
south and southwest of the study area  (Figure 1).

The rudist-bearing Aqra Formation crops out as a 
narrow L-shaped strip about 35 km wide alongside the 
Qalachuallan-Mokaba stream (downstream of Goga 
Sur stream) to the south of Mawat and Chwarta towns 
(Figure 1).   Due to imbrication, overturned synclines 
and anticlines are recognized and all the strata dip 
about 25 degrees towards the northeast (Figures 
1, 2). The Aqra Formation has two  stratigraphic 
manifestations due to the lateral change of the Tanjero 
Formation (Buday, 1980; Karim, 2004; Al-Barziniy, 

Figure 1-	 Location map of the studied area (inset top left) and geological map (modified 
from Maala, 2008 and Sadiq, 2008) showing the measured-stratigraphic 
sections.
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2005; Sadiq, 2009). The first outcrop is located 
between the Tanjero Formation (Maastrichtian), at 
its base, and a Red Bed Series (Paleocene) at its top 
(Figures 2, 4).  The second outcrop is located along 
the southern boundary where the Aqra Formation is 
located inside the upper part of the Tanjero Formation 
(Figure 3).  

The Tanjero Formation consists mainly of thick 
successions of gravel conglomerate with a thickness 
of 20-500m in the northern and eastern part of the 
studied area (in the proximal part of the Cretaceous 
foreland basin), whereas it consists of calcareous shale 
and channelized sandstone and pebbly sandstone in 
the southern and western part of the studied area. 

The Aqra Formation consists mainly of coarse 
grained detrital limestones, which contains in many 
places terrigenous clastics, and its thickness varie 
from 20 m to 150 m. It is characterized by abundant 
rudists and also benthic foraminifers, gastropods and 
non-rudist bivalves, the echinoderms and solitary 
corals are very sparse (Karim, 2004; Sadiq, 2009). 
The formation is very fossiliferous in the northern 
part of the studied area (proximal area), but much 
less so in the southwestern area (outer shelf or 
distal part). The benthic foraminifera have been 
determined as as Orbitoides medius (d’Archiac), 

Omphalocyclus macroporus (Lamarck) and Loftusia 
sp. and a Maastrichtian age was suggested for the Aqra 
Formation by Al-Kubaysi (2008), Sadiq (2009) and 

Figure 2-	 Simplified geological cross section of the studied area (after Karim et al., 2007).

Figure 3-	 Stratigraphic columns showing the setting 
of the Aqra Formation in the succession at 
Mawa-Chuarta area (after Karim et al., 2007). 
A. The column for the northern boundary 
of the studied area (Khewata section). B. 
The column for the southern boundary of 
the studied area reflecting Suraqalat and 
Sherawazha sections. 
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Zebari (2010). The rudists are found life in position 
in two places along both Suraqalat and Khewata 
sections, where the Hippurites cornucopiae Defrance 
biostromes are commonly observed (Figure 5).  

The Red Bed Series (or Red Bed Group) consist 
mainly of alternations of thick beds of red claystone, 
sandstone and conglomerate, Paleocene-Eocene in 
age (Figures 3, 4).   

3. Systematic Palaeontology

The classification scheme and terminology for 
rudist higher taxa used follows Skelton (2013).

Abbreviations: LV, left valve; RV, right valve; Ab, 
anterior radial band; Pb, posterior radial band; Ib, 

interband; L, ligament ridge; ma, anterior myophore; 
mp, posterior myophore; at, anterior tooth; pt, 
posterior tooth; ct, central tooth; ac, accessory 
cavity; pp, posterior pillar, ap, anterior pillar; Pp, 
posterior pseudopillar, Ap, anterior pseudopillar; 
cv, body cavity; ol, outer (calcitic) shell layer; il, 
inner (originally aragonitic) shell layer; op, outer 
(celluloprismatic calcitic) shell layer of the RV (in 
radiolitids).

Class BIVALVIA Linnaeus, 1758

Order	 : Hippuritida Newell, 1965

Superfamily	: Radiolitoidea d’Orbigny, 1847

Family	 : Trechmannellidae Cox, 1933

Genus	 : Dictyoptychus Douvillé, 1905

Type species	: Polyptychus morgani Douvillé, 1904

Dictyoptychus aff. morgani (Douvillé, 1904)

(plate I, figures A-I)

1904  Polyptychus Morgani Douvillé, page 520, 
text-figures 1, 2.

1933 Trechmanella morgani (Douvillé), Cox, 
page 388.

1995 Dictyoptychus morgani (Douvillé), Morris 
and Skelton, page 282, plate 1, figure 3.

Figure 5-	 Hippurites cornucopiae biostrome, top view, 
Sura Qalat section, Aqra Formation.

Figure 4-	 Khewata section showing the relationship of the Aqra Formation with Red Bed 
Series in the northern boundary of the studied area, looking southeast.
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2010a Dictyoptychus morgani (Douvillé), Özer, 
pages 587-592, plates 1-4.

2012 Dictyoptychus morgani (Douvillé), Steuber 
and Schlüter, page 52, figure 10 B.

Material: Three specimens with both valves (Nos. 
Kh1, Kh2 and Kh3) from Khewata section, and three 
RV (Nos. Sh6, Sh9 and Sh10) from Sherawezha 
section.

Description: The LV is depressed conical with 
dorsally eccentric apex and it has very thin ol, around 
1 mm. The longitudinal sections of the radial canals of 
the il are observed where the ol has been eroded away 
(Plate I, Figures B, C, D). 

The RV is conical to cylindro-conical in shape, 
slightly curved towards the ventral part and of length 
varying from 35 mm to 65mm. The surface of the 
valve is smooth (Plate I, Figure A); however dense 
and fine growth lamellae can be observed in some 
specimens (Plate I, Figure E). Two shallow swellings 
representing Ab and Pb can be observed only in one 
specimen. The ol of the valve is thick, about 15 mm 
(Plate I, Figures H, I). Due to the intense sediment 
infilling, the pallial canals of the il and also the cardinal 
apparatus are badly preserved. However, the large 
canal sections can be observed in some specimens 
(Plate I, Figures G, H). The transverse section too 
close to commissure of one of the specimens shows 
also the basal attachement of the myocardinal arc 
within the LV (Plate I, Figure F). The myophores can 
be partially observed in the another section of the 
same specimen, from 10 mm below the precedent, but 
the individual teeth can not be clearly determined due 
to the recrystallization. The L is absent. 

Discussion: The absence of L, the presence 
of radial and pallial canals in the il of  LV and RV 
respectively, the greater thickness of the ol in the RV 
than that of LV, the very simple ornementation of 
the RV and the shallow structure of the radial bands 
show that these specimens belong to the Afro-Arabian 
endemic rudist genus, Dictyoptychus (Douvillé, 1904, 
1905; Karacabey-Öztemür, 1979; Özer, 1986, 1992 
a, b, 2005, 2010 a;  Pons et al., 1992; Morris and 
Skelton, 1995; Skelton and Smith, 2000; Khazaei et 
al., 2010; Steuber and Schlüter, 2012).  Dictyoptychus 
has recently been revised by Özer (2010 a), who 
showed the variability of the canal shapes and the 
cardinal apparatus of the RV, and demonstrated that 
all of the previous determined species such as D. 
leesi (Kühn), D. paronai (Kühn), D. persicus (Cox), 
D. euphratica Karacabey-Öztemür and D. orontica 

Karacabey-Öztemür are synonymous with D. morgani 
(Douvillé), excepting only D. striatus (Douvillé), D. 
quadrizonalis Özer and D. vanensis Özer. The Iraqi 
specimens show close similarities with D. morgani 
determined from SE Anatolia (Karacabey-Öztemür, 
1979; Özer, 1986, 2010 a), Zagros region (Khazaei 
et al., 2010; Asgari Pirbaluti et al., 2012), and also 
the UAB-Oman region (Morris and Skelton, 1995; 
Steuber and Schlüter, 2012). 

Family	 : Radiolitidae d’Orbigny, 1847

Genus	 : Praeradiolites Douvillé, 1902

Type species	: Sphaerulites ponsiana d’Archiac 1835

Praeradiolites subtoucasi Toucas, 1907

(plate II, figures A-F; plate III, figures A-H)

1907 Praeradiolites subtoucasi Toucas, page 31, 
plate 3, figures 8, 9.

1954 Praeradiolites subtoucasi Toucas,  Astre, 
pages 61, 76-77, 83, plate 6, figures 1, 2.

1965 Praeradiolites subtoucasi Toucas, 
Pamouktchiev, page 37, plate 4, figure 1, text-figure 6.

1976 Praeradiolites subtoucasi Toucas, Lupu, 
page 126, plate 17, figures 4,5a-b, plate 39, figure 6.

1977 Praeradiolites subtoucasi Toucas, Pons, 
page 69, plate 50, figures 1a-d.

1992 Praeradiolites subtoucasi Toucas, Vicens, 
page 201, plate 75, figures 1-15, plate 76, figures 3-4, 
plate 79, figures 1-5.

1995 Praeradiolites cf. subtoucasi Toucas, Morris 
and Skelton, page 292, plate 6, figures 3, 4.

1999 Praeradiolites subtoucasi Toucas, Fenerci, 
pages 90-94, text-figures 3.28, 3.29, plate VII, figures 
1-7.

2001 Praeradiolites cf. subtoucasi Toucas, Götz, 
page 69, plate 7, figures 17.

2006 Praeradiolites subtoucasi Toucas, Pons and 
Vicens, pages 15,16, figure 13 F, figure 14 G.

2008 Praeradiolites subtoucasi Toucas, Pons 
and Vicens, pages 219-234, figure 1 F (copy of 2006 
Praeradiolites subtoucasi Toucas, Pons and Vicens, 
page 15, figure 13 F), figure 14 G (copy of 2006 
Praeradiolites subtoucasi Toucas, Pons and Vicens, 
page 16, figure 14 G).
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Material: Seven specimens with both valves (Nos. 
Sh1, Sh2, Sh3, Sh 4, Sh5, Sh7 and Sh8) and two RV 
(Nos. Sh13 and Sh14) from Sherawezha section.

Description: The RV is generally cylindro-conical 
and robust, however a single specimen is very long 
and acute and another one is conical in shape (Plate 
II, Figures A, B, D; Plate III, Figures A, B, E). The 
length of the valve varies from 80mm to 170 mm 
and its surface is ornamented with horizontal growth 
lines. The growth lamellae are continuously observed 
around the ventral part of the valve, while they show 
undulations in the radial band area (Plate II, Figures 
A, B, D; Plate III, Figure A).The valve is characterized 
by three very pronounced longitudinal costae and 
both the Ab and Pb are represented by two deep 
longitudinal grooves (Plate II, Figures A, D; Plate III, 
Figures A, E). The radial bands show approximately 
the same width. The Ib is represented by longitudinal 
costae and has a width ranges from 7 mm to 10 mm. 
The ventral and posterior bands are represented by 
longitudinal costae (Plate II, Figures C, E, F; Plate III, 
Figures A, E, F, H ). 

The transverse section of the RV is of rounded 
triangular form and its diameter ranges from 45x60 
mm to 55x110 mm (Plate II, Figures C, E, F; Plate 
III, Figures D, F, H). However, some specimens show 
round transverse sections (Plate III, Figure G). The 
op is generally thicker (16 mm) on the dorso-ventral 
side than in the posterior part (10 mm), and it consists 
essentially of closely packed rectangular cells. But, 
some polygonal or pentagonal cells are also observed 
around the pb. The growth lamellae are continuously 
stacked in the dorso-ventral side of the valve (Plate 
II, Figures E, F; Plate III, Figures G, H). However, 
compact structure is also observed in the outermost 
margin of the growth lamellae. The inner margin of 
the op shows slight indentations next to the radial 
bands (Plate II, Figures C, E, F; Plate III, Figures 
D, G, F, H). The L is long (15 mm), has a thin stem 
(0.5 mm), and is rounded at its extremity.  But, it is 
broken-off in some specimens (Plate II, Figures E, F; 
Plate III, Figures G, H). The cardinal apparatus is well 
developed and preserved; the at is bigger than the pt 
(Plate II, Figures E, F; Plate III, Figure G).

The LV is very flat or slightly convex and consists 
of growth lamellae (Plate II, Figures A, B, D; Plate 
III, Figures A, B, C, E). The ol is 10 mm thick in 
the transverse section of the valve. The myophore 
apophyses, teeth and L are partially preserved.

Discussion: The specimens show some similarity 
to Praeradiolites aristidis (Munier-Chalmas), 

however the radial bands of our specimens are 
deeper and better-developed than those of the latter 
species. Anyway, it is regarded as synonymous with 
Praeradiolites subtoucasi Toucas by Vicens (1992). 
Because of the sub-triangular transverse section of 
the RV, approach Praeradiolites toucasi (d’Orbigny), 
but they have less developed radial bands.  The radial 
bands of our specimens may also be compared with 
those of Praeradiolites boucheroni (Bayle), but their 
L is long while that of latter species is small and 
triangular. 

Genus	 : Sauvagesia Choffat, 1886

Type species	: Sphaerulites sharpei Bayle, 1857

Sauvagesia somalica Tavani, 1949

(plate IV, figures A-C)

1949  Sauvagesia  somalica Tavani, page 17, plate 
1, figure 4, plate 4, figure 4.

1949  Sauvagesia attenuata Tavani, page 17, plate 
1, figures 8, 9, plate 2, figure 2, plate 4, figure 11.

1971  Sauvagesia somalica Tavani, Vogel, pages  
62, 72.

1992  Sauvagesia somalica Tavani, Pons et al., 
page 237, text-figures 20 a-b.

2012  Sauvagesia  cf. somalica Tavani, Asgari 
Pirbaluti et al., page 60, plate  4, figure 2.

Material: A single specimen with both valves (No. 
Sh12) from Sherawezha section.

Description: The RV is cylindro-conical. The apex 
having broken off, the present length of the valve is 
about 65 mm (Plate IV, Figure A). The surface of the 
valve is ornamented with densely longitudinal costae 
and grooves. The radial bands are very well preserved, 
the Pb and Ab are slightly concave limited by 5 mm 
thick longitudinal costae and Pb is wider than Ab 
(Plate IV, Figure A). The transverse section across 
the RV very close to commissure, is semicircular with 
diameters of 50x60 mm (Plate IV, Figure C). The op is 
thick (15 mm) and composed of very small polygonal 
cells with prismatic pattern. But, some compact 
structure (Pons and Vicens, 2008) can be observed 
in the radial bands area and towards the outer part of 
op. The L is present, 2 mm long and truncated at its 
extremitiy. 

The LV is conical, approximately 10 mm height, 
and presents radial costae. The transverse section 
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of the valve shows thin lamellar, compact ol with 
some sections ressembling the orifices and also a few 
fusiform structures in the il flanking the myophores 
(Plate IV, Figure B).

Discussion: The presence of the L, the structure 
of the op, the ornamentation of the RV and the shape 
of the radial bands indicate that this specimen has the 
characteristic of the genus Sauvagesia Choffat. The 
radial bands of the specimen present very similar 
structure with those of the Sauvagesia somalica 
determined by Tavani (1949). The specimen shows 
also the same characters of Sauvagesia attenuata 
Tavani, however this species is synonymous with  
Sauvagesia somalica as proposed by Pons et al., 
(1992). The structure of the op and the radial bands 
show very close resemblance with Fig. 20 b of Pons 
et al. (1992).

A few orifices like sections across radial canals 
situated within the ol, and fusiform structures 
like pallial canals in the il of the LV,  they may be 
compared with those of Kurtinia illustrated by 
Karacabey-Öztemür (1980). These features suggest 
the possibility of a relationship of studied specimen 
with Kurtinia. However, the determination here 
based on a single specimen, so it needs another well-
preserved LVs for proving this similarity. 

Genus	 : Lapeirousia Bayle, 1878

Type species	: Sphaerulites jouanneti Des Moulins, 
	    1826

Lapeirousia  jouanneti (Des Moulins, 1826) Bayle, 
1878

(plate IV, figures D-F)

1826 Sphaerulites Des Moulins, page 99, plate 3, 
figures 1, 2.

1850  Radiolites Jouanneti d’Orbigny, Orbigny, 
page 223, plate 564.

1878  Lapeirousia Jouanneti (Des Moulins), 
Bayle, plates CX, CXI.

1886  Lapeirousia jouanneti (Des Moulins), 
Douvillé, page 403, text-figure 19.

1900  Lapeirousia Jouanneti (Des Moulins), 
Parona, page 17, plate 2, figure 6.

1908  Sphaerulites Jouanneti Des Moulins, 
Toucas, page 58, plate 10, figures 4-5.

1910  Lapeirousia jouanneti (Des Moulins), 
Douvillé, page 26, plate 6, figures 2, 3; text-figures 
25, 26.

1929   Lapeirousia jouanneti (Des Moulins), 
Klinghardt, page 98, plate 13, figures 4, 5; plate 14, 
figure 2.

1969 Lapeirousia jouanneti (Moulins), 
Pamouktchiev, page 75, plate 1, figures 1, 2, plate 2, 
figures 1, 2, text-figures C, D.         

1992a  Lapeirousia jouanneti (Des Moulins), 
Özer , page 139, plate 1, figure 10.

1993  Lapeirousia jouanneti (Des Moulins), 
Plenićar, page 57, plate 11, figures 1, 2. 

1995  Lapeirousia jouanneti (Des Moulins), 
Morris and Skelton, page 302, figures 7 a, b. 

Material: Five right valve sections from the field 
photographs of Khewata section and four right valves 
(Nos. Su2, Su3, Su11 and Su 12) selected from many 
specimens of  Sura Qalat section. 

Description: The RV is conical, flat-based, 
probably 55 mm high and its transverse section is 
ovaloid, approximately 60x70 mm (Plate IV, Figures 
D, F). The Pp and Ap are lensoid in section and 
demarcated within op by a layer 1 mm thick (Plate 
IV, Figure E). 

Discussion: The structure of the op and the 
presence of the pseudopillars show that these 
specimens are belong to Lapeirousia Bayle. The 
pseudopillars present the typical characteristics of the 
species.

Family	 : Hippuritidae Gray, 1848

Genus	 : Hippurites Lamarck, 1801

Type species	: Hippurites bioculatus Lamarck, 1801

Hippurites cornucopiae Defrance, 1821

(plate IV, figure G)

1821 Hippurites cornucopiae Defrance, page 195, 
plate 58, figures 1 a, b.

1897 Hippurites cornucopiae Defrance, Douvillé, 
page 223, plate 22, figures 11, 12, text-figure 72.

1900 Hippurites comucopiae Defrance, Parona, 
page 10, plate 1, figure 1.



38

First Determination Of Rudists From NE Iraq

1910 Hippurites (Hippuritella) cornucopiae 
Defrance, Douvillé, page 79, plate 7, figures 3-5.

1933 Hippurites cornucopiae Defrance, Kühn, 
page 159, plate 1, figure 3.

1949 Hippurites (Hippuritella) cornucopiae 
Defrance, Tavani, page 13, plate 4, figures 7, 9.

1949 Hippurites (Hippuritella) somalicus, Tavani, 
page 14, plate 4, figure 6.

1961 Hippurites (Hippuritella) cornucopiae 
Defrance, Devidé-Nedela and Polsak,  pages 364, 
373, plate 3, figure 4, text-figure 4.

1972 Hippurites (Hippuritella) comucopiae 
Defrance, Sladić-Trifunović, plate 11, figures 2, 3.

1983 Hippurites cornucopiae Defrance, Camoin, 
page 223, plate 7, figure 1.

1983 Hippurites cornucopiae Defrance, Özer, 
page 17, plate 3, figures 6, 7.

1988 Hippurites cornucopiae Defrance, Accordi 
et al., page 140, text-figure 5, plate 1, figure 12.

1992b Hippurites cornucopiae Defrance, Özer, 
page 77, plate 1, figures 1, 2.

1992 Hippurites cornucopiae Defrance, Pons et 
al., page 284, plate 3, figures 1-3, text-figures 3/1a-c, 
2a-b.

1994 Hippurites cornucopiae Defrance, Pons and 
Sirna, page 274, plate 1, figures 1-2, plate 2, figures 
1-6, plate 3, figures 1-7.

1995 Hippurites cornucopiae Defrance, Morris 
and Skelton, page 292, plate 5, figures 4-7.

1999 Hippurites cornucopiae Defrance, Steuber, 
page 124, text-figures 46a-c, e-f.

2010 Hippurites cornucopiae Defrance, Khazei et 
al., page 706, text-figures 2, tb. 1, 2, plate 1, figures 
3-5, plate 2, figures 2, 3.

2012 Hippurites cornucopiae Defrance, Steuber 
and Schlüter, pages 49, 50, 52, figure 10 A.

2012 Hippurites cornucopiae Defrance, Asgari 
Pirbaluti et al., plate 4, figures 5-7.

Material: Numerous specimens of the RV (see 

Figure 5) and a specimen (No. Su1) showing a cluster 
of orientated individuals from Sura Qalat section. A 
few specimens of the RV (Nos. Kh4 and Kh5) from 
Khewata section.

Description:  The RV is cylindro-conical in shape, 
the length is 120 mm and the surface of the valve is 
generally smooth with two pillars that are represented 
by longitudinal grooves. The transverse section is 
generally circular and the diameter varies from 10 
mm to 20 mm. The L is reduced. The pp is open at 
the base, however the ap is pinched at the base and 
it is better developed than the posterior one, and 
recurved towards the posterior part of the valve in 
some sections (Plate IV, Figure G). Different growth 
stages show a variation in pinching of the ap, but the 
posterior one is always open at the base. The cardinal 
apparatus is partly preserved. The ol is approximately 
1 to 2 mm and it shows radial ribbings. 

The LV is generally absent or partly preserved.

Discussion: The pillars of the specimens are 
characteristic for the species and also show clear 
similarities with those of Somalia, the UAE-Oman 
region, Iran and SE Anatolia (Tavani, 1949; Pons et 
al., 1992; Özer, 1992 b; Morris and Skelton, 1995; 
Khazaei et al., 2010; Steuber and Schlüter, 2012).

4. Age Of The Rudist Fauna  

     The species of the rudist fauna from NE Iraq 
vary in abundance according to measured stratigraphic 
sections (Figure 6). The Arabian Plate endemic genus 
Dictyoptychus is abundantly found in the Khewata 
section, where Lapeirousia jouannetti is represented 
also in abundance, however the specimens of 
Hippurites cornucopiae are very rare. The latter 
species and Lapeirousia jouanneti are very abundant 
in the Sura Qalat section, where the specimens of 
Praeradiolites subtoucasi are abundant, but those 
of Dictyoptychus are very rare. The Sherawazha 
section is characterized by the high abundance of 
Praeradiolites subtoucasi. Hippurites cornucopiae 
and Dictyoptychus, but Lapeirousia jouanneti and 
Sauvagesia somalica are very rare in this section.

Hippurites cornucopiae seem to be a unique 
species within the rudist fauna showing a wide 
distribution and indicating a Maastrichtian age; 
whereas the other determined species were found in 
the late Campanian-Maastrichtian or Maastrichtian 
formations of the central and eastern Mediterranean 
Tethys and Arabian Plate (Steuber, 2002).
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Figure 6-	 The abundance distribution of the rudists 
according to the measured- stratigraphic 
sections. 1-very abundant, 2-abundant, 
3-rare.

Rudist biozones have recently been proposed for 
the central-eastern Mediterranean Tethys and Arabian 
plate based on Sr-isotope data and numerical ages 
of the rudist shells by Steuber and Schlüter (2012). 
Because of the presence of Arabian endemic rudists 
in the NE Iraq fauna, the Arabian plate biozones of 
these authors are considered in this study. Three rudist 
biozones for mid-Campanian-Maastrichtian interval 
have been suggested by Steuber and Schlüter (2012): 

1-Torreites/Vaccinites aff. vesiculosus interval 
biozone: Middle Campanian. The base of this biozone 
is determined by the first occurrence of Torreites 
Palmer and Vaccinites aff. vesiculosus (Woodward) 
in the Simsima Formation (Oman) (Grubić, 1979; 
Skelton and Wright, 1987; Morris and Skelton, 1995; 
Simonpietri et al., 1998; Schumann, 1995, 2010) and 
the top with the lowest occurrence of Dictyoptychus 
in the Terbüzek Formation (Alidamı-Adıyaman) 
(Schlüter, 2008; Özer et al., 2008; Steuber et al., 
2009). 

2- Dictyoptychus interval biozone: uppermost 
Campanian-Lower Maastrichtian. The Sr-isotope 
analysis and numerical ages of rudist shells (Schlüter, 
2008; Özer et al., 2008; Steuber et al., 2009) from 
the shallow marine rudist-bearing limestone lenses 
in the Terbüzek Formation cropping out around 
Alidamı village-Adıyaman (Yalçın, 1976; Karacabey-
Öztemür, 1979; Meriç et al., 1985; Özer, 1986, 1992c, 
2002, 2010a; Özcan, 2007; Özer et al., 2009) and the 
first occurrence of Dictyoptychus characterize the 
base of the biozone. The first occurrence of Hippurites 
cornucopiae in the locality of Oman, Buraimi, Jebel 
As Saifr determine the top of the biozone (Morris and 
Skelton, 1995). This biozone contains also two rudist 
genera endemic to the Arabian plate, Vautrinia (Vautrin) 

and Paracaprinula Piveteau, while Hippuritella 
lapeirousei Goldfuss and Pseudosabinia Morris 
and Skelton have been found in the Kahta, Besni-
Adıyaman, Gölbaşı-KahramanMaraş, Yayladağı-
Antakya, Çermik-Diyarbakır and Körkandil-Siirt in 
SE Anatolia (Erentöz, 1949; Karacabey-Öztemür, 
1979; Karacabey-Öztemür and  Selçuk, 1981; Özer, 
1986, 1991, 2002, 2010a, b; Steuber et al., 2009).

3- Hippurites cornucopiae interval biozone: 
mid-Upper Maastrichtian. The base of this biozone 
is determined by the first occurrence of Hippurites 
cornucopiae in the locality of Oman, Buraimi, Jebel 
As Saifr. Hippurites cornucopiae was found in the SE 
Anatolia, Zagros-Iran, Oman Mountains (the border 
of the UAE and Oman), Somalia and Yemen (Steuber, 
2002). The top of the biozone can not defined, but 
some little hippuritids were found a few metres below 
of the K/T boundary in the Oman Sur Qualhat locality, 
apparently belonging to Hippurites cornucopiae 
(Schlüter et al., 2008). Dictyoptychus Douvillé, 
Vaccinites aff. oppeli Douvillé and Pseudosabinia 
Morris and Skelton accompanied this zone.

The numerical ages data play an important role 
for the determinations of the biozones as explained 
above, obtained from the rudist shells of SE Anatolia, 
located in the northernmost part of the Arabian Plate. 
The presence of Hippurites cornucopiae indicates 
a Maastrichtian age for the NE Iraq rudist fauna. 
The rudist fauna determined here, is assigned to 
the Hippurites cornucopiae interval biozone of 
Steuber and Schlüter (2012) and so of mid- to Late 
Maastrichtian age. The paleontologic reports on the 
benthic foraminifers of the Aqra Formation (Al-
Kubaysi, 2008; Sadiq, 2009; Zebari, 2010), including 
the presence of Racemiguembelina fructicosa (Egger) 
indicate an earliestLate Maastrichtian age. Moreover, 
many planktonic foraminifers, which were recently 
determined from the Tanjero Formation (Sharbazheri, 
2008; personal report of K.H. Karim, 2013) of the NE 
Iraq, support this age. 

5. Palaeobiogeography 

The Zagros fold-thrust belt was formed from the 
convergence between the Arabian and Eurasian plates, 
and because of the closing of the Mediterranean 
Tethys during the Late Cretaceous, ophiolitic material 
cropsout widely in northeastern Iraq (Buday, 1980; 
Buday and Jassim,1987; Jassim and Goff, 2006; 
Karim, 2004; Karim and Surdashy, 2006; Karim et 
al., 2007). The Campanian-Maastrichtian rudist-
bearing formations (or platforms) of northeastern Iraq 
are developed over these rocks (Buday, 1980; Karim, 
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2004, 2005; Al-Barzinjy, 2005; Sadiq, 2008) and 
located on the northern border of the Arabian platform 
(Figure 7), about 20o or 21o N  paleolatitude (Dercourt 
et al., 1986). Due to insufficient data about the shallow 
marine carbonate platforms, northeastern Iraq was 
included in the thin continental crust in the previous 
palaeogeographic reconstructions (Dercourt et al., 
1986; Camoin et al., 1993). The recently obtained 
stratigraphic data (Karim, 2004, 2005; Al-Barzinjy, 
2005; Sadiq, 2008) and also new data presented in 
this study allowed us, by contrast, to add the presence 
of carbonate platforms around northeastern Iraq to 
the palaeogeographic map of Dercourt et al. (1986) 
(Figure 7). This has important implications for the 
palaeobigeography of the northern side of Arabian 
plate as indicated below.

Although the rudist fauna of NE Iraq has a low 
diversity, it contains both some species that show a 
wide distribution in the Mediterranean Tethys and 
Afro-Arabian region, and Dictyoptychus, which is 
endemic to the Arabian plate (Özer, 1986, 2010a; 
Morris and Skelton, 1995; Steuber and Schlüter, 
2012), as well as Sauvagesia somalica, which shows 
a geographic distribution likewise limited to the same 
plate according to present knowledges (Tavani, 1949; 
Pons et al., 1992; Steuber, 2002; Asgari Pirbaluti 

et al., 2012). Indeed, the Arabian Plate rudist fauna 
consists of, beside Dictyoptychus, endemic genera 
such as Vautrinia (Vautrin), Paracaprinula Piveteau, 
Eodictyoptychus Skelton and El-Asa’ad and Semailia 
Morris and Skelton and species like Hippurites syriaca 
Vautrin and Pironaea syriaca (Vautrin), which have 
not so far been observed in the Mediterranean Tethys 
(Özer, 1991, 1992c, d, 2002, 2010a; Özer et al., 
2008, 2009; Skelton and El-Asa’ad, 1992; Morris and 
Skelton, 1995; Schlüter, 2008; Steuber et al., 2009; 
Steuber and Schlüter, 2012). The main reason for the 
absence of such Arabian Plate endemic rudists, other 
than Dictyoptychus, from the NE Iraq rudist fauna 
may be that they are limited to the latest Campanian-
Early Maastrichtian age formations as indicated by 
Steuber and Schlüter (2012). 

The biogeographic and stratigraphic distributions 
of the rudists of NE Iraq are as follows:

Dictyoptychus is abundantly represented in 
the Late Campanian-Maastrichtian formations 
of the Afro-Arabian region such as in SE Turkey 
(Karacabey-Öztemür, 1979; Karacabey-Öztemür 
and Selçuk, 1981; Özer, 1986, 1991, 1992c, d, 2005, 
2010a; Özer et al., 2008, 2009), Iran (Douvillé, 1904, 
1910; Kühn, 1933; Cox 1933, 1934; Khazaei et al., 

Figure 7-	 Maastrichtian palaeogeographical reconstruction of the Mediterranean area (simplified 
and partly modified after Dercourt et. al., 1986) showing the distribution of endemic 
rudists Dictyoptychus (green asterisks for localities in Iraq) and Sauvagesia somalica 
(yellow asterisks) and also Eodictyoptychus and Semailia in the Afro-Arabian plate 
(after Özer, 2010a). Ir indicates NE Iraq.
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2010; Asgari Pirbaluti et al., 2012), Saudi Arabia, the 
UAE, Oman (Kühn, 1929; Morris and Skelton, 1995; 
Skelton and Smith, 2000; Steuber and Schlüter, 2012) 
and Somalia (Tavani, 1949; Pons et al., 1992). 

Sauvagesia somalica seems to be also endemic 
to the Arabian platform. It was first determined from 
the Maastrichtian of Somalia (Tavani, 1949; Pons et 
al., 1992), and reported from the Maastrichtian of 
Iran and Afghanistan (Vogel, 1971). It was recently 
also determined from the Maastrichtian of the Central 
Zagros region of Iran (Asgari Pirbaluti et al., 2012).

Other determined rudists show a very wide 
geographic distribution in the Mediterranean Tethys 
as follows: 

Hippurites cornucopiae is abundantly represented 
in the Maastrichtian of the central and eastern 
Mediterranean Tethys (Steuber, 2002) and also SE 
Turkey, Iran, Oman, the UAE, Somalia and Yemen 
of the Arabian Plate (Özer 1992 b, Özer et al., 2009; 
Pons and Sirna, 1994; Morris and Skelton, 1995; 
Khazaei et al., 2010; Steuber and Schlüter, 2012; 
Asgari Pirbaluti et al., 2012). 

Praeradiolites subtoucasi  is mainly represented 
in the Campanian-Maastrichtian of the Mediterranean 
Tethys from Spain to Turkey (Steuber, 2002), but has 
also been recorded from the mid-Maastrichtian of 
Oman (Morris and Skelton, 1995). 

Lapeirousia jouanneti shows very a similar 
distribution to that of Praeradiolites subtoucasi. It is 
mainly recorded from the Campanian-Maastrichtian 
of the Mediterranean Tethys (Steuber, 2002), but is 
also found in the Maastrichtian of Iran (Douvillé, 
1904). Some Lapeirousia specimens showing 
resemblance to this species were also demonstrated 
from the Maastrichtian of the UAE-Oman border 
region (Morris and Skelton, 1995) and Zagros region 
in Iran (Khazaei et al., 2010; Asgari Pirbaluti et al., 
2012).

 These data show that all of the determined rudists 
of NE Iraq have a distribution in the Maastrichtian 
formations of the Arabian Plate.

Although the Maastrichtian rudist-bearing 
formations are well known from the SE Anatolia-
Turkey and SW Iran along the Zagros fold-thrust 
belt (Özer, 1986, 1992c, d, 2002, 2010a, b; Özer et 
al., 2008, 2009; Steuber et al, 2009; Khazaei et al, 
2010), the palaeobiogeographic relationships of these 
regions were attributed to faunal resemblances (Özer, 
1992c, d; Özer et al., 2008) because of our insufficient 
knowledge about NE Iraq. So, the palaeobiogeographic 

approaches have been limited in the northern border 
of the Arabian Plate. But, the discovery of the rudist-
bearing formations in this study fills an important 
palaeobiogeographic gap between SE Turkey and Iran 
and allows us to identify the presence of a path-way 
for larval distribution during the Maastrichtian along 
the Zagros fold-thrust belt from SE Turkey across NE 
Iraq towards SW Iran (Figure 7). The relationship 
of this path-way with other rudist localities such as 
Oman, the UAE and Somalia of the Arabian Plate is 
not yet known, but a connection in the Maastrichtian 
is implied by the presence also Dictyoptychus and 
Hippurites cornucopiae in these localities. According 
to the increase our knowledge in the following years 
the migration routes in the Arabian Plate will be better 
interpreted.

6. Conclusions

The Aqra Formation cropping out around 
Sulaimaniya city-NE Iraq consists mainly of detrital 
limestones. Three stratigraphic sections at Khewata, 
Sura Qalat and Sherawezha are characterised by 
abundant rudist associations. The rudist fauna 
consists of Dictyoptychus aff. morgani, Praeradiolites 
subtoucasi, Sauvagesia somalica, Lapeirousia 
jouanneti and Hippurites cornucopiae, which are 
determined from the NE Iraq for the first time.

The age of the rudist fauna is considered to be 
mid- to Late Maastrichtian based on the Hippurites 
cornucopiae interval zone proposed by Steuber and 
Schlüter (2012) for the Arabian Plate.

Dictyoptychus and Sauvagesia somalica are 
characteristic endemic rudists for the Arabian Plate. 
Other rudists are seen mainly in the central-eastern 
Mediterranean Tethys, but also in the Arabian Plate. 
The determination of rudists from NE Iraq both  
augments the palaeobiogeographic and taxonomic 
database and indicates a  palaeobiogeographic 
relationship between SE Turkey, NE Iraq and SW Iran 
during the Maastrichtian involving larval dispersion 
along the Zagros fold-thrust belt.
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PLATE - I

Dictyoptychus aff. morgani (Douvillé).

A-C. Khewata section, No. Kh 2.

A- Both valves, ventral side. Note robuste conical, very smooth surface of the RV and very depressed LV. 

B- Top view of the partly preserved LV.  

C- Enlargement of the LV showing thin longitudinal radial canals (arrow) observed beneath the eroded parts of 
the ol.

D- Upper view of LV. Note thin ol and longitudinal radial canals (arrow) in the eroded parts. Sherawezha section, 
No. Sh 6. 

E, F. Khewata section, No. Kh 3.

E- Both valves, anterior side. Note the dense and fine growth lamellae (arrow) in the RV. The LV is very depressed. 

F- Transverse section of the RV passing too close the commissure showing the basal attachement of the myocardinal 
arc within the LV. Some badly preserved canals of the il can be observed. 

G- Transverse section of the RV passing 10 mm below of the commissure. Sherawezha section, No. Sh 9.

H- Transverse section of the RV passing 10 mm below of the commissure. The il contains some badly preserved 
canals. Sherawezha section, No. Sh 10.

I- Bivalve specimen, field photograph, in life position. Note thick ol. Khewata section, No. Kh 1. 

Scale indicates 10 mm.
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PLATE - I 
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PLATE - II

Praeradiolites subtoucasi Toucas. 

A-C. Sherawezha section, No. Sh 3.

A- Both valves showing two radial bands (Ab, Pb) delimited by three very pronounced longitudinal costae. Note 
very robust RV and flattened LV.

B- Ventral part. Note horizontal growth lamellae. 

C- Transverse section of the RV passing 20 mm below of the commissure. L is present, but broken off. Note very 
thick op and radial bands (Ab, Pb). 

D-F. Sherawezha section, No. Sh 2.

D- Both valves showing three very pronounced longitudinal costae and two radial bands (Ab, Pb). Horizontal 
growth lamellae are well-preserved. Note flat LV consisting of horizontal growth lamellae showing resemblance 
to those of RV. 

E, F- Transverse sections of the RV passing 15 mm below of the commissure. Note the long L and well-preserved 
cardinal apparatus. 

Scale indicates 10 mm.
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PLATE - II 
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PLATE - III

Praeradiolites subtoucasi Toucas. 

A-D. Sherawezha section, No. Sh 4.

A- Both valves showing two radial bands. Compare the radial bands and longitudinal costae with those of plate II, 
figures A and D.

B- Both valves, ventral side.  Note the strong development of the growth lamellae in both valves. 

C- LV, top view, growth lamellae are very well-preserved. 

D- Transverse section of the RV passing 15 mm below of the commissure. The L is broken off. 

E, F. Sherawezha section, No.Sh 5. 

E- Both valves showing two radial bands. Note the greater length and lesser width of the RV compared with other 
specimens of the species.

F- Transverse section of the RV passing 10 mm below of the commissure. The L is partly preserved. Three 
longitudinal costae and radial bands can be well-observed.

G- Transverse section of the RV passing 10 mm below of the commissure. The L and cardinal apparatus are well-
observed. Note the circular section of the valve compared with the other specimens of the species. Sherawezha 
section, No. Sh 7. 

H. Transverse section of the RV passing 10 mm below of the commissure, juvenil form. Sherawezha section, No. 
Sh 8. 

Scale indicates 10 mm.
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PLATE - III 
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PLATE - IV

Sauvagesia somalica Tavani.

A-C. Sherawezha section, No. Sh 12.

A- Both valves showing two slightly concave radial bands limited by longitudinal costae. 

B- LV, top view. Note a few orifices like sections across radial canals situated within the ol, and fusiform structures 
like pallial canals in the il flanking the myophores. 

C- Transverse section of the RV passing 10 mm below of the commissure. Note thick op composed of very small 
polygonal cells in prismatic pattern. 

Lapeirousia jouanneti (Des Moulins)

D-F. Sura Qalat section, No. Su 12. 

D- Upper view of the RV showing the pseudopillars (Ap, Pp). 

E- Enlargement of the pseudopillars showing spout-like shape. Note their demarcation by a compact layer (arrows) 
within the op. 

F- Field photograph showing the typical outer shell layer and pseudopillars of the species. Khewata section.

G- Hippurites cornucopiae Defrance, from biostrome of Sura Qalat section, No. Su 1. Transeverse sections of 
RVs. The pillars can be clearly observed. 

Scale indicates 10 mm.
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PLATE - IV


