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ABSTRACT

The Shiranish Formation contains diversified assemblages of both benthic and planktic
foraminifera. Previous works on planktic foraminiferal biostratigraphy suggests that the
formation was deposited in the Late Campanian — Early Maastrichtian time indicated by
Globotruncana aegyptiaca, Gansserina Gansseri and Contusotruncana Contusa biozones.
This work is focused on two benthic foraminifers (Bolivinoides and Neoflabellina) which are
globally important in Upper Cretaceous biostratigraphic correlations. The present study is
based on 235 samples collected from two different sections in the Kurdistan Region of Iraq
which are Azmer (144 m) and Dokan (260 m) in thicknesses. Both areas represent nearly
complete Late Cretaceous outcrops of the Shiranish Formation. Six different species of
Bolivinoides and three different species of Neoflabellina benthic foraminifera are recorded
and illustrated and their biostratigraphical importance are also discussed. The Bolivinoides are
represented by B. decoratus, B. delicatula, B. draco, B. laevigatus, B. miliaris and
B. pustulata. Moreover, the Neoflabellina are represented by N. numismalis, N. permutata and
N. rugosa. The present results are compatible with the Late Cretaceous global distribution of
Bolivinoides and Neoflabellina benthic foraminifera, which are commonly used for
biostratigraphic correlations. The group of benthic faunas identified in the present work
suggests that the Shiranish Formation is mostly deposited in outer shelf to slope environments
with a shallowing-up succession recorded in the Earliest Maastrichtian.
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INTRODUCTION

The Shiranish Formation (Upper Campanian — Lower Maastrichtian) crops out in most of
north, northwest and northeast Irag, and is also detected in the subsurface of many wells
across the central part of Iraq (Jassim and Goff, 2006). Several previous studies deal with its
lithology, paleontology and stratigraphic significance (e.g. Buday, 1980; Jassim and Goff,
2006; Al-Banna, 2010; Jaff et al., 2015; Farouk et al., 2018; Jaff and Lawa, 2019; and
Al-Hazaa et al., 2021). However, none of the above studies mentioned the importance of
Bolivinoides and Neoflabellina benthic foraminifera for regional and inter-regional
biostratigraphic correlations.

The foraminiferal genus Bolivinoides Cushman, 1927 received great attention from
biostratigraphers and taxonomists in the last seventy years, almost more than any other genera
of Cretaceous benthic foraminifera. This is due to the fact that most of the species of
Bolivinoides have similar stratigraphic range globally. Consequently, they have been broadly
used as a good tool for biostratigraphic correlation of Santonian-Maastrichtian strata (Dubicka
and Peryt, 2016).

Through time, the morphologic changes in Bolivinoides lineage can be expressed by:
1) a continuous increase in test size, 2) the evolution from cudgel-shaped to rhomboidal
outline, 3) the development of two parallel rows of tubercles in the median part of the test and
4) an increase in the number of lobes. These evolutionary trends noticed in the genus
Bolivinoides seem to be similar worldwide, and has allowed to use the group in refined
biozonation as reported in Australia (Edgell, 1954), Israel (Reiss, 1954), Europe (Hiltermann
and Koch, 1950, 1955 and 1962; Hofker, 1958; Vassilenko, 1961; Hiltermann, 1963; Barr,
1966a and b; Van Hinte, 1967; Beniamovsky et al., 2012; Dubicka and Peryt, 2016; Peryt and
Dubicka, 2015; Beniamovsky and Kopaevich, 2016), Trinidad (Beckmann and Koch, 1964;
Bolli et al., 1994), Libya (Barr, 1970), the USA (Petters, 1977), the western Atlantic
(Georgescu et al., 2011), Egypt (Khalil, 1998; El-Nady, 2006; Anan, 2011 and 2017), Iraq
(Jaff et al., 2014), and Tunisia (Bejaoui et al., 2019). The benthic faunas identified in this
study consist of 115 species which represent 52 genera and 25 families. In this study, both
Bolivinoides and Neoflabellina benthic foraminifera are used for the first time in order to
place the Kurdistan assemblages into the context of this global stratigraphy.

MATERIALS AND METHODS

The present study is based on 235 collected samples from two tectonically different
sections, one at Azmer (35° 37' 30" N; 45° 31' 45" E) and the other at Dokan (35° 56' 15" N
44° 57" 21" E (Fig.1). For friable marlstones of the Shiranish Formation, a freeze-thaw
method of processing was used (Mogaddam, 2002; Jaff et al., 2014 and 2015; Jaff and Lawa,
2019). About 200 — 300 g of each selected sample was frozen and thawed repeatedly in a
sodium sulphate solution. The processed samples were then washed using a 63 um sieve. The
residues then placed in an oven temperature of 50 °C until the sediments dried (almost 24
hours). Different sizes of foraminifera were picked and studied using the 63 — 300 um size
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fractions. Morphological preservation of the illustrated Bolivinoides and Neoflabellina benthic
foraminifera is good, although the tests are commonly recrystallized and filled with calcite.
The Scanning Electron Microscope (SEM) at the University of Leicester, UK was used for
foraminiferal images.
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Fig.1: Main tectonic zones in the Kurdistan region, NE Irag; major basement faults are drawn
in red lines (map after Ibrahim, 2009). Locations of the studied sections are shown as black
circles. Small black rectangle on inset map represents study area

GEOLOGICAL SETTING

From a structural perspective the selected sections can be allocated to two main tectonic
zones which are separated from each other by major basement faults (Lawa et al., 2013).
Accordingly, the Azmer section is situated in the Zagros Imbricate Zone (Z1Z) of Iraq, while
the Dokan section is located in the Zagros Foreland High Folds Zone (ZFHFZ) (Lawa et al.,
2013).

The ZIZ is intensively deformed and characterized by rock displacements and crustal
thickening. Geomorphologically, it is characterized by high mountains with deep incised
valleys, and is a product of imbricate thrust sheets and NE dipping thrust faults. The present
structural characteristics of this zone are a result of ophiolites obduction in Late Cretaceous
and Arabian — Iranian collision in Late Tertiary (Lawa et al., 2013). The ZFHFZ is mainly
characterized by asymmetrical, double plunging, convergent and divergent folds.
Additionally, other distinctive features of this zone are NW — SE trending and SW dipping
thrust faults (Lawa et al., 2013).
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LITHOLOGY

The Shiranish Formation is well exposed in the studied localities and is about 144 and
260 m thick in the Azmer and the Dokan areas respectively. According to several authors (e.g.
Van Bellen et al., 1959; Al-Naqgib, 1967; Al-Shaibani, 1973; Buday, 1980; Abawi et al.,
1982; Abdel-Kireem, 1983 and 1986; Kennedy and Lunn, 2000; Al-Banna, 2010; Jaff et al.,
2014 and 2015; Jaff and Lawa, 2019; Al-Hazaa et al., 2021) the age of the Shiranish
Formation is Late Campanian to Maastrichtian, but it does not extend to the Late
Maastrichtian (Kassab, 1973; Jaff et al., 2014 and 2015). The formation represents marine
outer shelf and slope deposited carbonates and mudstones (Jaff et al., 2014 and 2015; Jaff and
Lawa, 2019). In the studied areas, the Shiranish Formation is informally subdivided into a
lower unit characterized by alternating calcareous marlstone and marly limestone, and an
upper unit that is dominated by blue-coloured marlstone (Jaff et al., 2014 and 2015; Jaff and
Lawa, 2019; see Fig.2). In both sections, the formation is separated by Mid-Campanian
unconformity from the underlying Kometan Formation, and is gradationally changes to the
overlying Tanjero Formation (Jaff et al., 2014 and 2015; Farouk et al., 2018; Jaff and Lawa,
2019). The gradational boundary is placed at the first appearance of the silty-sandstone bed of
the Tanjero Formation (see Fig.2).

RESULTS

During the Late Cretaceous, benthic foraminifers are very common in marine sediments.
Basically, the Bolivinoides and Neoflabellina evolution are of great importance for high
resolution biostratigraphy. They have been used widely for Late Cretaceous subdivision and
for inter-regional correlations (e.g. Koch, 1977; Loeblich and Tappan, 1987; Hart et al., 1989;
King et al., 1989; Peryt and Lamolda, 2007; Bolli et al., 1994; Ardestani et al., 2011; Jaff
et al., 2014; Dubicka and Peryt, 2016; Georgescu, 2018; Bejaoui et al., 2019). In this study,
both Bolivinoides and Neoflabellina benthic foraminifera are used for biostratigraphic
subdivision of the Late Cretaceous successions in the Kurdistan region, NE Irag.

BOLIVINOIDES BIOSTRATIGRAPHY

Based on the remarkable work of Dubicka and Peryt (2016) and Georgescu (2018) on the
genus of Bolivinoides, the collected 118 specimens of Bolivinoides are studied and described
under SEM for better understanding and identifications. The morphological structures,
ornamentation and porosity features used by Georgescu (2018) for Bolivinoides identification;
allowed to identify and illustrate six different species in the present work (see Fig.3). The
species are: Bolivinoides decoratus, B. delicatula, B. draco, B. laevigatus, B. miliaris and B.
pustulata. A biostratigraphical outline consisting of three biozones is developed for the Late
Campanian — Early Maastrichtian stratigraphic interval. Two biozones are of interval biozone
and the third is the total range biozone type. The bioevents that mark their boundaries are first
occurrences (FO) of Bolivinoides genus. Below are short notes about each recorded biozone.

= Bolivinoides decoratus Biozone

— Age: early Late Campanian — Latest Campanian.

— Definition: Stratigraphical interval between the FO of the index species and the FO of
Bolivinoides miliaris. It represents the lower part of the Shiranish Formation, where the
formation is characterized by alternating calcareous marlstone and marly limestone (see
Fig.2).
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Fig.2: Generalized lithostratigraphy of the Shiranish Formation in the sections studied.
Biostratigraphic subdivisions are based on planktic foraminifera (Jaff et al., 2015)
and benthic foraminifera (this work). The white and grey areas indicate
depth-related intervals of benthic foraminiferal assemblages. First
occurrences of key planktic and benthic foraminifera are also shown
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Fig.3: Bolivinoides benthic foraminifera in the sections studied. Scale bars 100 pum.
A, B) Bolivinoides decoratus (Jones), Late Campanian; C) Bolivinoides delicatula
Cushman, Late Campanian; D-F) Bolivinoides draco (Marsson), Early Maastrichtian;
G, H) Bolivinoides laevigatus Marie, Late Campanian; I, J) Bolivinoides miliaris
(Hiltermann and Koch); Latest Campanian — Earliest Maastrichtian;

K, L) Bolivinoides pustulata Riess, Late Campanian
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= Bolivinoides miliaris Biozone

— Age: Campanian — Maastrichtian boundary.

— Definition: Stratigraphical interval between the FO of the index species and the FO of
Bolivinoides draco. It represents the upper part of the Shiranish Formation, where the
formation is characterized by the dominance of blue coloured marlstone (see Fig.2).

= Bolivinoides draco Biozone

— Age: Early Maastrichtian.

— Definition: Stratigraphical interval between the FO and the last occurrence (LO) of the
index species. It represents the uppermost part of the Shiranish Formation (see Fig.2).
However, the upper boundary of this biozone is undetermined, due to the absence of both
benthic and planktic foraminifera in a rapidly shallowing marine succession (see Jaff et al.,
2014 and 2015; Jaff and Lawa, 2019).

NEOFLABELLINA BIOSTRATIGRAPHY

Good index fossils in the Late Cretaceous successions are also found in the genus
Neoflabellina Bartenstein, 1948. The genus is characterized by rhomboid in outline and has a
large test, more than 5 mm in length and 1.8 mm in breadth. The genus can be easily
recognized, if present in the washed residue. It has a wide geographical distribution, recorded
mostly in outer shelf and slope deposits (Wedekind, 1940; Hiltermann, 1952; Hiltermann and
Koch, 1955 and 1957; Pozaryska, 1957; Sliter, 1968; Koch, 1977; Salaj, 1980; Loeblich and
Tappan, 1987; Bolli et al., 1994; Kopaevich and Beniamovsky, 2002; Peryt and Lamolda,
2002; Peryt et al., 2003; Peryt and Lamolda, 2007, Ardestani et al., 2011; Jaff and Lawa,
2019). During the Late Cretaceous, the genus is speciated rapidly. Accordingly, it can be used
as a good marker for inter-regional biostratigraphy ranging from the Late Turonian to
Paleocene (e.g. Wedekind, 1940; Hiltermann, 1952; Pozaryska, 1957; Koch, 1977; Salaj,
1980; Hart et al.,, 1989; Peryt and Lamolda, 2007, Ardestani et al., 2011). Generally,
neoflabellinids are rare components of benthic foraminifera. A total of 24 specimens are
collected from the Azmer and Dokan sections. They are represented by Neoflabellina
numismalis, N. permutata, N. rugosa and some unidentified forms (see Fig.4). Based on the
stratigraphic distribution of neoflabellinids in the Shiranish Formation, the present author
recognized one biozone and two subzones. The whole Shiranish Formation can be divided
into Neoflabellina rugosa total range Biozone (Late Campanian — Early Maastrichtian). Two
subzones are also recognized in the Neoflabellina rugosa biozone:

= Neoflabellina numismalis subzone

— Age: Late Campanian — Earliest Maastrichtian.

— Definition: Stratigraphical interval between the FO of the index species and the FO of
Neoflabellina permutata. This subzone occupied the lower and upper parts of the Shiranish
Formation (see Fig.2).

= Neoflabellina permutata subzone

— Age: Early Maastrichtian.

— Definition: Stratigraphical interval between the FO of the index species and the LO of
both Neoflabellina rugosa and Neoflabellina permutata. It represents the uppermost part of
the Shiranish Formation (see Fig.2). However, the upper boundary of this subzone is not
recognized, due to the presence of a total barren succession of foraminifera (see Jaff et al.,
2014 and 2015; Jaff and Lawa, 2019).
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Fig.4: Neoflabellina benthic foraminifera in the sections studied. Scale bars 100 pum.
A-C) Neoflabellina numismalis (Wedekind), Late Campanian; D) Neoflabellina sp. Late
Campanian; E-G) Neoflabellina permutata (Koch), Early Maastrichtian; H-K) Neoflabellina
rugosa (d’Orbigny), Late Campanian — Early Maastrichtian
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DISCUSSION

The biostratigraphic importance of benthic foraminifers is less common than planktic
faunas because they are largely controlled by facies (Peryt and Lamolda, 2007). Several
factors affect the distribution of benthic foraminifers, such as temperature, salinity, oxygen
and food supply (Murray, 1991). When the depth of the sea increases, salinity and
temperature become similar over extensive areas resulting in a similar environment for
benthic faunas. Thus, most deep-water foraminifers are cosmopolitan and useful for inter-
regional correlation (Van Morkhoven et al., 1986; Peryt and Lamolda, 2007).

During the Late Campanian (Interval 1 as in the Fig.2), the benthic faunas are
characterized by the common existence of the species of Dentalina, Laevidentalina,
Nodosaria, Fissurina and Pleurostomella with partial occurrences of species of Gavelinella,
Gyroidinoides and Neoflabellina. Mostly, based on the works of (Sliter and Baker, 1972,
Sliter, 1973; Jaff and Lawa, 2019) this interval represents outer shelf depositional
environment.

The highest existence of agglutinated species of the genera such as Ammodiscus,
Bathysiphon, Clavulinoides, Dorothia, Gaudryina, Glomospira, Marssonella and Tritaxia are
found in the Latest Campanian (Interval 2 as in the Fig.2). Accordingly, the depositional
environments gradually deepened from shelf to slope (Sliter and Baker, 1972; Sliter, 1973;
Jaff and Lawa, 2019).

During the Earliest Maastrichtian (Interval 3 as in the Fig.2), the lowest occurrence
of agglutinated faunas, such as species of Dorothia, Spiroplectammina and
Quasispiroplectammina, are recorded. The interval is also characterized by the common
sporadic occurrence of species of Fissurina, Lagena and Oolina. Consequently, the
assemblage of this interval represents a dramatic sea level regression from slope to outer shelf
environment (Sliter and Baker, 1972; Sliter, 1973; Jaff and Lawa, 2019).

In total, the benthic faunas of the Shiranish Formation are interpreted as indicating outer
shelf to slope environments. The maximum water depths are recorded in the Latest
Campanian directly followed by shallowing-up successions in the Earliest Maastrichtian. A
major worldwide marine regression in the Earliest Maastrichtian is also recorded by Haq et al.
(1987) and Hardenbol et al. (1998).

CONCLUSIONS
e This study confirms that the Late Cretaceous distribution of Bolivinoides and Neoflabellina
benthic foraminifera are useful for global biostratigraphic correlations including Iraq.

e Three Bolivinoides and one Neoflabellina biozones are recognized in the Shiranish
Formation in the Azmer and the Dokan sections, NE Irag. In stratigraphic order from
oldest to youngest: the B. decoratus Biozone (Late Campanian — Latest Campanian); the B.
miliaris Biozone (Campanian-Maastrichtian boundary); and the B. draco Biozone (Early
Maastrichtian). The recorded Bolivinoides biozones can be correlated to the Neoflabellina
rugosa biozone (Late Campanian — Early Maastrichtian). The latter biozone can be further
subdivided into two subzones by: 1) the FO of Neoflabellina numismalis (Late Campanian
— Earliest Maastrichtian); and 2) succeeding this interval, the FO of Neoflabellina
permutata (Early Maastrichtian).
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e The group of benthic faunas identified in the present work suggests that the Shiranish
Formation is mostly deposited in outer shelf to slope environments, whereas, a shallowing-
up succession is recorded in the Earliest Maastrichtian.
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