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Abstract

This study represents the first palynological investigation conducted on the Middle Miocene Fat'ha Formation in Northern
Irag. Twelve samples were collected from an outcrop section of the Fat'ha Formation in Zawita, Northern Irag. These
samples yielded well-preserved and well-diversified palynomorph assemblages. Three species of spores related to three
genera and nine pollen species related to nine genera were investigated and identified, as follows (Spirosyncolpites bruni,
Pinuspollenites Subgenus Strobus sp, Abies sp.1, Arecipites pflugii, Monocolpopollenites tranquillus, Tubulifloridites sp,
Quercus sp.2, Trivestibulopollenites betuloides, Carya sp, Polypodiaceoisporites fossulatus, Baculatisporites primarius,
Camarozonosporites rarus). Analysis of palynomorph species assemblages from the Fat'ha Formation at the Zawita section
shows no significant variations throughout the entire section, suggesting a single palynomorph assemblage biozone. This
biozone was correlated with its equivalent in neighbouring Turkey, Iranian realms, and other sections around the world.
The stratigraphic distribution of the identified species confirms, for the first time, that the Fat'ha Formation was assigned
to the late Middle Miocene (Serravallian).

Keywords:

Serravallian age, Fat'ha Formation, Palynomorphs.

DOI: 10.33899/injes.v26i4.60927, ©Authors, 2026, College of Science, University of Mosul.
This is an open-access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

Foothill Zone and Mesopotamian Basin, but it is
1. Introduction absent in some areas (Aqrawi,1993). The
formation continues into the Jazira area of Syria,
along the Turkish-Syrian border (Weber, 1963),
Iran, Kuwait, and Saudi Arabia (Powers et
al.,1967). The formation was originally subdivided
into an informal unit in Bellen et al. (1959) and
Ditmar et al. (1971). Later, Jassim and Buday
(2006) and Al Juboury and McCann (2008)
subdivided the Fat'ha Formation into two members
from the base to the top: 1) the Lower Member
consists of organo-detrital limestone and anhydrite
(or gypsum), green dolomitic marl, and thin
limestone and cyclically interbedded gypsum; and
2) the Upper Member consists of red and green
mudstone and gypsum, a few recrystallized shelly
limestone beds and thin oolitic limestone beds,
with calcarenite beds at the top. The formation
thickness varies greatly, reaching a maximum of
900m. In the Kirkuk Basin, it reaches 600 m,
whereas in the Sinjar Basin, it thins out markedly

Gachsaran Formation, formerly known as the
Lower Fars series (Gill and Ala, 1972; Kashfi,
1980; Tucker and Shawket, 1980; Mahdi, 1983;
Agrawi, 1993; Tucker, 1999; Bahroudi and Koyi,
2004; Seyrafian and Mojikhalifeh, 2005; Habibi
and Ruban, 2017; Sakhavati et al., 2020;
Tavakolian et al., 2022) was first described from
its type locality, the Fars Province NW lIran, by
Busk and Mayo (1918) and van Bellen et al.,
(1959). Jassim et al. (1984) described the
equivalent of the Lower Fars series and were the
first to propose the name Fat'ha Formation and
define its type section in the Fat'ha Gorge, 10 km
north of Beji town in Irag. The formation consists
of anhydrites, gypsum, salt interbedded with
limestones and marls (Al-Juboury and McCann,
2008; Al-Jaberi and Salim, 2022). The formation is
widely distributed across Iraq, mainly in the
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near the AboJir high. The sedimentary facies of the
Fatha Formation differ from one place to another,
depending on its location in the sedimentary basin
(Al-Taiiy and Al-Badrani, 2025). The fossils are
very rare and mainly include foraminifera
(Miliolids), with ostracods also common, assigned
to the middle Miocene of the Fat'ha Formation in
southern lraq (Shareef et al., 2023). However,
recent  biostratigraphic  studies based on
nannofossils suggest an early Miocene
Aquitanian age for the Fat'ha Formation in
northern Iraq (Kharajiany, 2023. The depositional
environments are interpreted as restricted
hypersaline to continental and open marine settings
(Bellen et al., 1959; Al Juboury and McCann,
2008). Palynology is a useful tool in evolutionary,
ecological and biostratigraphic studies (Germeraad
et al., 1968; Muller, 1981; Traverse, 2007;
Jaramillo et al., 2010) because the palynomorphs,
including pollen, spores and dinoflagellates, are
among the most abundant fossil groups found in
sedimentary rocks (Pardo-trujillo et al., 2003;
Traverse, 2007; Jaramillo et al., 2010; Rodriguez-
Forero etal., 2012). These microfossils span a wide
temporal range, from millions of years ago to the
present, and occur in all types of environments
(e.g., freshwater lacustrine deposits and deep-
marine sediments), reflecting both forest- and
grass-dominated ecosystems of the past (Boucot,
1999; Traverse, 2007). Many previous studies
focus on the Fat'ha Formation because of its
widespread distribution and provides a regional
seal to numerous oil reservoirs. In addition, the
formation yields economically important deposits
of sulfur found in evaporite beds in Iraq (Al-Sawaf,
1977; Jassim et al., 1997; Jassim et al., 1999).
Several studies have been conducted on the
Fat'ha Formation (Middle Miocene), focusing on
various aspects including ostracod palaeoecology,
foraminiferal biostratigraphy, and sedimentology.
Kharruffa (2008) studied the distribution of
ostracods within the formation. Al-Hadithi and
Aziz (2019), Khalaf and Kharofa (2020 Ostracods
within the same formation. Al-Shareefi et al.
(2022)  nanobiostratigraphy  and  ostracod
paleoecology of the Fat'ha. Additionally, Aziz and
Kasim (2023) studied ostracods from the Takia
area in the Darbandi Bazian Anticline. Shareef et
al. (2023) studied ostracoda and foraminifera of the
Fat'ha Formation across. Furthermore, Abdulla
(1994 studied the Fat'ha Formation from a selected
well. Al-Taiiy and Al-Badrani (2025) studied the
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lithofacies and Age Determination of the Fatha
Formation in Mushak. Mohammed and Al-
Shareefi (2021) studied some records of ostracods
from the Middle Miocene.

This work aims to determine the age of the
studied section and to constrain the age of the
Fat'ha Formation by using the palynomorphs for
the first time. The results are then compared with
other local and regional age-equivalent pollen and
spore assemblages and corresponding zonal
schemes to solve the problem of the unconstrained
age of the studied formation. This study also aims
to update the stratigraphic framework of the Fat'ha
Formation by providing a detailed field description
of the studied section, including its facies
characteristics.

2. Geological Setting

The studied section is located in the Dohuk
area, Zawita Valley, where the Fat'ha Formation is
exposed in the Bekhair Anticline (Fig. 1A), with
coordinates (43°09'05.8"E) and (36°55'28.2"N)
within the High Folded Zone in northern Iraqg
(Jassim and Buday, 2006) (Fig. 1B).
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Fig. 1: Location map of the studied section and
area. A: Satellite image from Google map©
showing the study section in the Bekhair
anticline, Northern Irag. B: Structural map of
N Iraqg (Jassim and Buday, 2006; modified).

The Fat'ha Formation is part of the AP11
Megasequences, which span the latest Eocene to
the Recent and include the middle Miocene
sequence (Bellen et al., 1959; Sissakian et al.,
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2016; Ameen, 2022). This formation was formerly
assigned to the Lower Fars Series (Gill and Ala,
1972), whose equivalent in Iran is the Gachsaran
Formation. The Middle Miocene sequence was
deposited during a period of marine transgression
and significant subsidence within a large,
extensive basin that overlapped the margins of an
older Oligocene—Early Miocene basin (Fig.2). The
AP11 megasequence is associated with the
collision of Neo-Tethyan terranes along the
northern and eastern margins of the Arabian Plate,
as well as with the initiation of rifting in the Gulf
of Aden and Red Sea along its southern and
western boundaries. The development of these rift
systems was accompanied by thermal doming,
extensive flood basalt volcanism, and crustal
extension. The Gulf of Aden began opening during
the Oligocene, followed by the onset of Red Sea
rifting in the Early Miocene (Makris and Henke,
1992). The northward and northeastward
movement of the Arabian Plate, coupled with the
closure of the Neo-Tethys Ocean, resulted in
folding and thrusting of the Neo-Tethyan terranes
along the plate’s northeastern edge (Jassim and
Goff, 2006).
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Fig. 2: Stratigraphic chart of AP11
megasequence (Jassim and Goff, 2006).

Stratigraphic Description of the studied Section

The Fatha Formation is composed of
alternating sequences of green and red claystone
and limestone. The base of the Fat’ha Formation
overlies a 1.4-meter-thick layer of light brown,
hard, well-bedded limestone enriched with iron
oxides. This interval corresponds to an
unconformity that typically underlies the top of the
Pila Spi Formation. The Fat'ha Formation begins
with a conglomerate layer, 60 centimeters thick
(Fig. 3), followed by a brecciated limestone, 2
meters thick, and fossiliferous siltstone, 90 cm
thick. Next, a 1 m-thick green soft marl, followed
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by marly limestone, 2m thick, and then 2 m-thick
red claystone. These successions are overlain by a
yellow soft marl layer, 50 cm thick. Next, a 2 m-
thick dark blue soft marl layer, overlain by a 4 m-
thick yellow limestone layer. This interval is
followed by a hard, light brown marl limestone
layer, 5 meters thick, succeeded by a well-bedded,
light brown limestone layer, 60 cm thick. Above
this, a boudin-bearing soft marl limestone, 1 m
thick, is followed by a yellow marlstone, 70 cm
thick, and then 2.5m thick red claystone. Then, a
40 cm-thick layer of green siltstone rich in fossils
(Gastropods), which is overlain by a 60 cm-thick
layer of fossiliferous limestone. Then, a 70 cm-
thick interval of gray marly limestone, followed by
a 5 m-thick marl interbedded with mudstone. This
interval is succeeded by a 1-meter-thick layer of
hard brown marl limestone, followed by a 3-meter
dark gray marl. The sequence ends with a 1-meter-
thick sandstone belonging to the Injana Formation.
(Fig. 4). The total thickness of the formation is

approximately 22 meters (Fig. 5).

Fig. 3: Field photos show the lower contact
between Pila Spi and Fat'ha Formation.
S - -

Fig. 4: Field photos show the upper contact
between the Fat'ha and Injana formations.
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Fig. 5: Stratigraphic column of the Fat'ha
Formation in the studied section.

3. Methodology

A total of twelve outcrop samples were
collected from the studied section. These samples
were processed in the laboratory following the
preparation method developed by Barss and
Williams (1973), with modifications introduced by
Al-Ameiri (1986). The procedure was conducted
with careful attention to preserve palynomorph
grains for palynological analysis. The preparation
process involved treating the samples with
hydrochloric acid (HCI) to remove carbonates,
followed by hydrofluoric acid (HF) to dissolve
silicates. The remaining residues were sieved,
thoroughly cleaned, and mounted on slides for
microscopic examination. Microscopic
observations were performed at a private
laboratory in Ankara (Hasan Can laboratory) using
an Olympus CX22 microscope, according to
standard  palynological  techniques.  The
accompanying image illustrates the laboratory
setup and the hands-on procedures involved in the
sample preparation.

Identification of Spores and Pollen Grains in
the Studied Section

Twelve samples from the studied section
were analyzed to investigate spores and pollen
grains. A total of twelve species were identified, as
summarized in Fig. 6. These species were carefully
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selected based on

their

preservation in each sample.
The percentage compositions of pollen and
spores are defined as follows:
Osmundaceae, Pteridaceae, and dinocyst
assemblage (at the base of the formation).

(Gymnosperm: 10%; Angiosperms:18%; Fern:

significance

and

25%)

e Juglandaceae, Fagaceae, and Asteraceae
assemblage (in  the middle of the
formation).

(Gymnosperm: 8%; Angiosperms:30%; Fern:

18%)

e Pinaceae, Fabaceae and  dinocyst

assemblage (at the top of the formation).
(Gymnosperm: 23%; Angiosperms:22%; Fern:

17%)
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& 3 Abies sp.1
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" TRIPORINES Trivestibulopollenites
I
8 betuloides
[
8 Carya sp.
a ® ® ACAVATITRILETES Polypodiaceoisporiter
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g Camarozonosporites
E Farus
Fig. 6: The taxonomic classification of the species
studied used here according to Burger (1994) and
Smith and Buttworth (1967), modified from
Traverse (1988).
4. Results

The analyzed samples contained well-
preserved pollen grains and spores, making them
suitable for a comprehensive appraisal of the
palynology of the Fat'ha Formation (Plate 1). A
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total of 12 species are identified, belonging to
twelve genera within the studied section

A single palynomorph assemblage biozone
(F1) is recognized:

Carya sp. — Quercus sp., Assemblage
Biozone (F1).

This biozone is characterized by the absence
of an Oligocene —Miocene sporomorph
assemblage including Engelhardia, Arecaceae,
and Castanea, Castanopsis (Bozukov et al. 2009;
Akkiraz et al., 2012). Additionally, no Early
Miocene sporomorph assemblage, including
Myricaceae, Castanea, Engelhardia, Sapotaceae
and Quercus, is found within this biozone (Akgiin
et al. 2007).

This biozone is also characterized by the
occurrence of middle Miocene age index species,
including Carya sp., Fagus sp., Quercus sp. and
Pinus spp. (Bouchal et al.,2018).

We point out the absence of Cedrus spp. in
the studied section, which is considered an index
species for early middle Miocene (Langhian) age,
as noted by Bouchal et al. (2019).

We have noted, in addition, the occurrences
of late middle Miocene (Serravallian)
sporomorphs in a mixed assemblage including
Juglandaceae, Carya, Fagus, and Asteraceae
(Akgiin et al.,2007).

Age estimates: Serravallian (Late Middle
Miocene) age
Assemblage: Juglandaceae, Carya, Fagus,

Asteraceae, Quercus sp. and Pinus spp., Carya sp.

5. Discussion

We point out, through the analysis of the
samples of the studied section, the absence of
genera such as Engelhardia, Arecaceae and
Castanea-Castanopsis that were documented at
the Oligocene —Miocene transition (Bozukov et al.
2009; Akkiraz et al., 2012).

According to Akgin et al. (2007), the Early—
Middle Miocene age is characterized by the
dominance of Myricaceae, Castanea, Engelhardia,
Sapotaceae and Quercus. This assemblage was
absent in the studied section except for Quercus
sp., suggesting that the studied interval is younger
than the Early- Middle Miocene age.

The dominant occurrences of Fagus sp., the
occurrences of Quercus sp. and Pinus spp. index
species indicate an age of Middle Miocene
(Bouchal et al. 2019). These occurrences were
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observed in the studied section; therefore, our
sporomorph assemblage is designated as Middle
Miocene age.

According to Javadi and Abassi (2024), the
taxa Inuspollenites subgenus Strobus and
Pinuspollenites Subgenus Pinus sp. are assigned to
the Middle Miocene age, which is in agreement
with current biostratigraphic constraints of the
studied assemblage.

Yavuz-Isik (2007) suggested that Quercus
spp. is abundantly recorded within the middle
Miocene strata. The aforementioned taxa have
indeed been recorded in the studied section.

The mixed occurrences of Juglandaceae,
Carya, Fagus, and Asteraceae in this study point to
a late middle Miocene (Serravallian) age. These
findings are consistent with palynomorph data
from the Turkish realm, as reported by Akgtin et al.
(2007), who highlighted that the Serravallian is
mainly characterized by mixed forest taxa,
including  Juglandaceae, Carya, Carpinus,
Pterocarya, Alnus, Asteraceae, and Fagus.
Furthermore, the absence of Cedrus spp. in the
studied section supports a Serravallian (Late
Middle Miocene) age, as noted by Bouchal et al.
(2019). The accepted age for the investigated
plant-bearing successions recovered from the
Fatha Formation studied section is late Middle
Miocene (Serravallian), in particular spanning
from the top of early Middle Miocene (Langhian)
into the late Middle Miocene (Serravallian) age.

6. Conclusion

The palynological content of the Fat'ha
Formation, exposed at the Zawita section, near
Dohuk City, Northern Irag, has been studied to
constrain its age. The formation yields a diverse
palynofloral assemblage, with twelve species
identified: three fern species (representing three
genera) and nine pollen species (representing nine
genera). This study shows that pollen grains are
reliable microfossils for age diagnostics of the
Middle Miocene (Serravallian), particularly
indicating the limited nature of continental
environments in comparison to macrofossils. The
key findings concern the index genus Quercus that
occurs in the Middle Miocene. Additionally, we
also note the mixed occurrences of a late Middle
Miocene (Serravallian) sporomorph assemblage
(including Juglandaceae, Carya, Fagus, and
Asteraceae), which closely resembles the early
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Middle  Miocene  palynoflora  assemblage
previously documented in the Turkish realm. This
study confirms, for the first time in Iraq, that the
Fat'ha Formation can be dated to the Late Middle
Miocene (Serravallian).
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