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ABSTRACT  

Paleontological study is used to determine Paleocene/ Eocene boundary as principal step 

to investigate the Paleocene Eocene Thermal Maximum (PETM) characteristics, and to 

extrapolate the global warming event in three separate sections of Paleogene marine 

sedimentary rocks in the Sinjar, Dhouk and the Shaqlawa area, in Sinjar, Dohuk and 

Shaqlawa areas, North and Northeastern Iraq. Shape, size, decline and abundance of the 

foraminiferal species and generic diversity of photoautotrophic (oligotrophic conditions) in 

the Aaliji and Kolosh formations respond to the PETM environmental conditions, as well as 

to the extinction events in deep marine sections with general decrease in larger foraminifera, 

followed by abundance stage in shallow marine sections. The paleontological and 

sedimentological, characteristics within the Aaliji and Kolosh formations represent records of 

PETM- associated events which is obviously distinguished in shallow marine environments 

exactly at the Dohuk section compared to deep marine environment at the Shaqlawa section.  

 

 

 

 

الأيوسين )تكويني عليجي و كولوش(  –لفترة الباليوسين  الأقصىالحراري همية الفورامينفيرا للحد أ

 في شمال وشمال شرق العراق
 

 عماد محمود غفور و اسماعيل الجبوري يعل، احمد نذير الفتاح
 

 المستخلص 

 كخطوةيوسين الإ – ى للباليوسينصقعبر فترة التطرف الحراري الأأهمية متحجرات الفورامنفيرا  تبين هذه الدراسة

في مناطق في ثلاثة مقاطع تمثل الصخور الرسوبية البحرية من عصر الباليوجين الاحترار العالمي رئيسية لاستقراء حدث 

صخور من تكويني عليجي وكولوش  عينات اعتمدت الدراسة على سنجار، ودهوك، وشقلاوة شمال وشمال شرق العراق.

حجم وقلة شيوع أنواع من الفورامنفيرا في هذين التكوينين هي استجابة للظروف البيئية لفترة التطرف أن شكل و تبين منهاو

الكبيرة  للانواعالانقراض في المناطق العميقة وانخفاض الحشود  الإيوسين فضلا عن –الحراري الأقصى للباليوسين 

سوبية والباليونتولوجية في تكويني عليجي وكولوش هي . إن ربط الشواهد الرالحجم من الفورامنفيرا في المناطق الضحلة

قياسا الى البيئات  سجل لحدث التطرف الحراري الأقصى والذي ميز بشكل أفضل في البيئات الضحلة )مقطع دهوك(

  .البحرية العميقة )مقطع شقلاوة(
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INTRODUCTION  

The Paleocene Eocene Thermal Maximum (PETM) was the most severe global change in 

the Cenozoic era (Lee and Kodama, 2009), A number of exceptional events, are collectively 

known as the (PETM), characterize the transition from the Paleocene to the Eocene. It is the 

most notable short term warming trend within long term early Paleogene warming trend, The 

PETM is discovered by (Kennett and Stott, 1991) when they noted an abrupt shift in 

measured oxygen and carbon isotopes ratio for specific species of foraminifera, which is 

approximately, marked as the Paleocene – Eocene boundary. Bowen et al. (2006) considered 

that rapid and extreme changes in earth system may be triggered by natural carbon cycle 

perturbation even in times of globally warm climate and in an ice-free world and the PETM 

phenomena was the obvious indicator to that perturbation.  
 

There are many studies on the RETM such as: 

(Bolle et al. 2000a, b, and c) in northern (Kazakhstan and Uzbekistan), southern Egypt, and 

Palestine, Speijer and Wagner (2002) in southern Tethyan margin, Egypt and Palestine, 

Gavrilov et al. (2003) in northeastern peri Tethys (black sea Tadjikstan), Scheibner et al. 

(2005) in west of the Gulf of Suez, Egypt., Ernst et al. (2006) in southern Tethys (Egypt), 

Giusberti et al. (2007) in NE Italy, Guasti and Speijer (2007) in Egypt and Jordan across a 

middle neritic to upper bathyal transect of the Tethyan continental margin, Giusberti et al. 

(2009) in, Italy, Alegret et al. (2010) in Spain, Soliman et al. (2011) in Upper Egypt during 

PETM, Handley et al. (2012) in tropical East Africa, Stassen et al. (2012) in Tunisia and 

Khozyem et al. (2013) in the Wadi Nukhul, Sinai, Egypt. Most of the performed 

sedimentological studies on the Paleocene – Eocene successions in Iraq were focused mainly 

on lithofacies, microfacies analysis, petrography, paleoenvironmental reconstructions and 

sequence stratigraphy approaches such as (Lawa, 2004; Al-Sakry, 2006; and Malak, 2010) as 

well as other studies dealing with biostratigraphy, geochemistry, and tectonic evolution                  

(Al-Nakib, 1989; Al-Qayim, 1993; and Al-Juboury, 2011).  
 

Three sections are selected for the present study from Northern and Northeastern of Iraq; 

between latitudes (36 – 37º) N. (Fig.1), which are: A) Sinjar (northern limb of Sinjar anticline 

near Zerwa Village) (36° 24' 58.53" N, 41° 59' 9.09" E), B) Dohuk (southern limb of Bakhir 

anticline near Germ Ava Lake) (36° 55' 52.22" N, 42° 57' 56.45" E), and C) Shaqlawa 

(northern limb of Sephin anticline near Shaqlawa Town) (36° 24' 25.07" N, 44° 19' 44.57" E). 

During the Paleocene – Eocene times these areas were part of the Tethys marine 

environments realm between paleolatitude (25 – 30º) N, (Scheibner and Speijer, 2008). 

Tectonically and according to (Jassim and Buday, 2006), Dohuk and Shaqlawa areas are 

located in the High Folded Zone whereas Sinjar area lies in the Foot Hill Zone (Hemrin – 

Makhul Subzone). The main objective of this paper is to study changes in litho- and 

biostratigraphic characteristics during the (PETM) in the Aaliji and Kolosh formations.  
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Fig.1: Google Earth Image showing the studied locations: 

A) Sinjar section (Aaliji Formation). B) Dohuk section (Kolosh Formation). C) Shaqlawa 

section (Kolosh Formation) and D) Regional location map of Iraq 

 

METHODOLOGY 

Fieldwork and sampling is achieved accurately in three outcrop sections in the Aaliji and 

Kolosh formations, twenty four samples are measured and described lithologically according 

to rock type, bed or sequence thickness, rock color, grain size, and available sedimentary 

structures. All samples were processed according to standard micropaleontological 
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procedures. The fraction >125 μm was used for all foraminiferal studies. Analysis of 

foraminifera has been carried out firstly on three – five test samples located on long intervals 

space within Paleocene /Eocene expected position for each section. The first results enable us 

to limitation of the upper Paleocene/lower Eocene spanning samples approximately About        

50 – 100 gm of rock samples was crushed into fragments of about 1 to 10 mm in diameter; 

each of the studied samples was dried at 60 °C for 24 h. Then, the samples were soaked in a                   

0.5 M Na2CO3 solution for a couple of days until the rock is saturated then strained through a 

filter paper. After disintegration, the samples were washed over a 63- μm sieve and dried at 

60 °C again. For some samples, the soaking treatment was repeated because the sediments 

remained aggregated. After drying, the residues were sieved with mesh-sizes of 125 and             

63 μm. The samples became ready for picking using a picking tray, which is flat and black 

surface divided into numbered squares about 5 x 5 mm, and easy to clean to reduce the risk of 

contamination. Finally, genera and species were identified using scanning electron 

microscope (SEM). The SEM work was carried out at the Department of Earth Science of the 

University College London (UCL) to study morphology of the foraminifera using a high 

resolution JEOL JSM-6480LV Scanning Electron Microscope, after gold coating of samples 

and a magnification between 75X and 400X. The identification of the planktonic and 

benthonic species of foraminifera is based on the study of Brassier (1980); Lirer (2000) and 

Silva et al. (2003).  

 

RESULTS AND DISCUSSION 

 Lithostratigraphic Signatures of the PETM 

Despite of detailed lithological description of the three studied sections in the Aaliji and 

Kolosh formations, the explanation of the lithological PETM lithesome signs in these sections 

is required because they are adopted principally in selecting sampling intervals in the field 

and in samples selection for biostratigraphical analysis to investigate the PETM position 

along litho-sections. 
 

In the Aaliji Formation at the Sinjar anticline, the studied succession is composed mostly 

of marly limestone, marlstone, and calcareous shale. The Paleocene interval is mostly made 

up of thinning upward marly limestone beds associated with thickening upward marlstone and 

calcareous/ marly shale. At the upper Paleocene – Lower Eocene lithesome, the intercalation 

of thin-bedded calciturbidites marly limestone (4 – 10 cm thick) becomes interestingly more 

frequently accompanied with color change from greenish gray dominated facies to yellowish 

and/ or brownish gray dominated facies (Figs.2 A and B). 
 

The Kolosh Formation in Dohuk and Shaqlawa sections exhibit other field physical 

properties, which are considered as a clue to PETM lithesome. In Dohuk section, an abrupt 

transition from clastic turbidite Bouma sequence mode deposits to calcarenitic tempestite 

sequence mode deposits (eventstone) which excites the attention that there is an abnormal 

event particularly when the main sequence color change from green to yellowish white and 

presence of shells (tempestite beds) (Fig.2C). 
 

On the other hand, yellowish marl and reddish brown bands as well as high organic 

matter, rich black shale, are distinguished in the PETM lithesome at Shaqlawa section (deep 

marine facies of the Kolosh Formation) (Fig.2D). The field features mentioned above are 

related to the Paleocene – Eocene lithosomes in the studied formations. 
 

Detailed lithological description of the three studied sections (Aaliji and Kolosh 

Formations) is illustrated in (Fig.3). Generally, the anomalies in lithology, color change 

A 
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observed in the Paleocene an Eocene formations mentioned above: are considered as 

indications to the PETM event (Speijer et al., 2011) and may refer to semi-arid conditions 

when considered together with other hints and indications. 

 

 

 

   

   
 

Fig.2: A) Calciturbidite thin beds of marly limestone. B) Color defference at the Paleocene 

Eocene transition facies of the Aaliji Formation at the Sinjar anticline. C) Yellowish white 

calcarenitic limestone (Tempestite) in the Dohuk section. D) Yellowish marl and reddish 

brown band in black shale of the Shaqlawa section 

 

A 

A B 

C D 
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Fig.3: Litostratigraphy and age assignment of  

A) Sinjar section (Aaliji Formation), B) Dohuk section (Kolosh Formation), and                          

C) Shaqlawa section (Kolosh Formation) 
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 Biostratigraphic Analysis 

Planktonic and benthonic foraminifera are used for the PETM characterization at the 

studied sections. (Figs.4, and 5 – 7). 

 

 Planktonic Foraminifera 

Analysis of planktonic foraminifera is carried out in the present work for the Aaliji 

Formation at the Sinjar section (samples A10-A30) covering approximately (20 m) thickness, 

which includes the Paleocen – Eocene expected lithesome. Biostratigraphy of the planktonic 

foraminifera is based on Berggren and Pearson, (2005). Preservation of tests is generally 

good, and most morphological features are easily identifiable, although tests are commonly 

recrystallized. The genera and species are identified using Rea et al. (1990); El-Eissa and 

Mohammad (1997); Olsson et al. (1999); Silva et al. (2003); Pearson et al. (2006); Luciani         

et al. (2007); Guasti and Speijer (2007); and Stassen et al. (2009). 

 

 

 
 

Fig.4: Foraminiferal distribution in the Sinjar, Dohuk, and Shaqlawa sections 
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Fig.5: SEM images of diagnostic microfossils in the Sinjar section/ Aaliji Formation                

(Late Paleocene/ Early Eocene) 

a) Morozovella velascoensis (Cushman, 1925), Ventral view, Late Paleocene (P5) Biozone, 

(sample A23); b) Morozovella velascoensis (Cushman, 1925), Dorsal view, Late Paleocene 

(P5) Biozone (sample A23); c) Morozovella aequa (Cushman and Renz, 1942),Ventral view, 

Late Paleocene (P5) Biozone, (sample A23); d) Morozovella aequa (Cushman and Renz, 

1942), Dorsal view, Late Paleocene (P5) Biozone, (sample A23); e) Acarinina sibaiyaensis 

(Jenkins, 1971), Dorsal view, Early Eocene, (E1) Biozone (sample A24); and f) Acarinina 

sibaiyaensis (Jenkins, 1971), Ventral view, Early Eocene, (E1) Biozone (sample A24) 
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 Fig.6: SEM images of diagnostic microfossils in the Dohuk section/ Kolosh Formation        

(Late Paleocene/ Early Eocene)                            

a) Anomalinoides aegyptiacus (LeRoy, 1953), Ventral view, (sample D28), Late Paleocene;                    

b)  Anomalinoides aegyptiacus (LeRoy, 1953), Dorsal view, (sample D26), Late Paleocene;                      

c) Angulogavelinella avnimelechi  (Reiss, 1952), Dorsal view (sample D28), Late Paleocene;              

d) Oridorsalis plummerae (Cushmann, 1926), Ventral view, (sample D 28), Late Paleocene;                   

e) Trochamminid sp. Dorsal view, (sample D31), Early Eocene; and f) Haplophragmoides sp.  

Dorsalview, (sample D31), Early Eocene 

 

 

 

 

https://www.foraminifera.eu/genus.php?no=1009351&aktion=suche
https://www.foraminifera.eu/genus.php?no=1009351&aktion=suche
http://www.foraminifera.eu/genus.php?no=1009318&aktion=suche
http://www.foraminifera.eu/species.php?no=1009318&aktion=suche
http://www.foraminifera.eu/genus.php?no=1009330&aktion=suche
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       Fig.7: SEM images of diagnostic microfossils in the Shaqlawa section/ Kolosh Formation 

(Late Paleocene/ Early Eocene) 

a) Anomalinoides piripaua (Finlay, 1939), Dorsal view, (sample Q24), Late Paleocene;                       

b) Anomalinoides piripaua (Finlay, 1939), Dorsal view, (sample Q24), Late Paleocene;                    

c) Anomalinoides capitatus (Gümbel, 1870), Ventral view, (sample Q25), Early Eocene;                        

d) Anomalinoides capitatus (Gümbel, 1870), Dorsal view, (sample Q25), Early Eocene;                          

e) Nuttallides truempyi (Nuttall, 1930), Ventral view, (sample Q25), Early Eocene; and                          

f) Nuttallides truempyi (Nuttall, 1930), Dorsal view, (sample Q25), Early Eocene  

 

 

 

 

 
 

http://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=735557
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The main marker species used to define the standard biozones of the Paleocene – Eocene 

(Aaliji Formation) transition are recognized within two biozones which are: 
 

a- Morozovella velascoensis Zone (P5): This zone is based on the partial range of the 

nominate zone taxon (Berggren and Pearson, 2005). It corresponds to the interval between 

highest occurrence or Last Appearance Datum (LAD) of Morozovella velascoensis and lowest 

occurrence or First Appearance Datum (FAD) of Acarinina sibaiyaensis (Molina et al., 1999; 

Pardo et al., 1999). Late Paleocene is assigned as age of this biozone. 
 

b- Acarinina sibaiyaensis Zone (E1): The base of this Interval Range Zone is defined by the 

First Appearance Datum (FAD) of Acarinina sibaiyaensis. The First Appearance Datum 

(FAD) of Pseudohastigerina wilcoxensis marks the end of this zone (Molina et al., 1999; 

Pardo et al., 1999). Early Eocene is the adequate age for this biozone. 
 

As mentioned above, the Paleocene Eocene biostratigraphic boundary is delimited at the 

Last Appearance Datum (LAD) of Morozovella velascoensis (sample A23) and First 

Appearance Datum (FAD) of Acarinina sibaiyaensis (sample A24). Both species are 

recognized in the Aaliji Formation within biozones (P5 then E1) as well as other important 

species in (P5) biozone assemblages such as Morozovella aequa and Igorina brodermani in 

(E1) biozone, Figs. (5 – 7). Regardless of the lower (P5) biozone contact and upper                         

(E1) biozone contact, the occurrence of (P5) and (E1) biozones alternately refer 

biostratigraphically to continuous sedimentation or condensed section for the Aaliji Formation 

and delimited the Paleocene- Eocene boundary. The E1 Zone is documented to contain the 

stratigraphic record of isotopic shifts (CIE) related to the PETM (Zili and Zaghbib-Turki, 

2010). For comparison with Dababiya section of Egypt (global stratotype section of P – E 

boundary), the base of this zone coincides with the onset of a (CIE) (Alegret et al., 2005; 

Berggren and Pearson, 2005; Aubry et al., 2007; Alegret and Ortiz, 2007) and indicates the 

Paleocene – Eocene boundary. 
 

An observed decline of the genus Morozovella coupled with insignificant modifications 

in Acarinina relative abundance is marked as key character in latest Paleocene. Whereas, the 

key character of the Paleocene-basal Eocene is the relative increase in Acarininids. Finally 

The so-called excursion taxa (e.g., A. sibaiyaensis) increased progressively after Early 

Eocene. This result considerably coincides with major changes in planktonic foraminiferal 

assemblages phases recorded across the PETM by Pardo et al. (1999); Luciani et al. (2007) 

and Alegret et al. (2010). 
 

Planktonic foraminifera are often considered to have been relatively unaffected by global 

climatic and oceanographic change. This is largely because during the global warming peak 

(over toleration); tropical and subtropical taxa (Acarinids, Morozovellids) temporarily 

invaded high latitudes (most moderation by then) and displaced cooler water taxa. This 

generally resulted in the replacement of one fauna by another (Canudo et al., 1995); there was 

no net loss in species diversity and conversely, no mass extinction (Lu and Keller, 1993 in 

Canudo et al., 1995). This indirectly suggests that absence of planktonic foraminifera in 

sediments should not be necessarily attributed to missing age, but may be attributed to severe 

migration with continuous sedimentation as a result of exceptional events (such as PETM). 

Since eutrophication preferentially affect planktonic foraminiferal species cosmopolitan, 

variations of planktonic foraminiferal palaoebiographical indices should be considered as 

climatically forced only when there is evidence that trophic resources did not change (Payros 

et al., 2006) (Fig.4). 
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 Benthonic Foraminifera of the Kolosh Formation 
The analysis of benthonic Foraminifera has been carried out in the Kolosh Formation at 

both Dohuk and Shaqlawa sections. Absence or very rare distribution of planktonic 

foraminifera in these sections may be attributed to either as a result of decrease in the 

Planktonic – Benthonic foraminiferal ratio P/B (shallowing mode) or may be further 

attributed to discontinuous distribution and changes in relative abundance of species. These 

specifications characterize the global planktonic foraminiferal turnover event at Paleocene/ 

Eocene boundary interval (El-Nady, 2005). 
 

Generally, the benthonic assemblages are moderately well preserved and highly diverse, 

they mostly occurring as broken (thick-shelled) tests and made up of 30 – 50 % of non-

calcareous agglutinated foraminiferal tests. The semi-complete absence of planktonic 

foraminifera and the occasional abundance of agglutinated foraminifera in the Kolosh 

Formation samples may provide evidence of severe dissolution (CCD shallowing) of the 

primary assemblages. 
 

Selected samples within the Paleocene – Eocene expected lithesome are taken from the 

Dohuk section {samples D20-D35 (9 m thick)} and from Shaqlawa section {samples Q15-

Q30 (10 m thick)}. The Benthonic foraminfera biostratigraphy is based on Berggren (1974), 

Kaiho and others (1993), Ortiz (1995), Alegret and Ortiz (2007) and Alegret and others 

(2009a and b). Benhonic foraminifera are subdivided into small and large. 
 

 Benthonic Foraminifera and the P/E Boundary  

Small and Large benthonic foraminifera are recognized in the studied sections, the small 

benthic foraminifera is a key tool in identifying the position of the P/E boundary in open 

marine sequences (Scheibner and Speijer, 2009). According to Berggren and Miller (1989) in 

Scheibner and Speijer (2009) bathyal benthonic foraminiferal Zone BB1, which spans the 

entire Paleocene and is characterized by Velasco type taxa, is distinguished from BB2 (Lower 

Eocene) through the extinction of Angulogavelinella avnimelechi and other species. 

Characteristic BB2 taxa are Nuttallides truempyi among other diagnostic species.  
 

Benthonic foraminifera can be used as accurate paleobathymetric markers because their 

distribution in the oceans is controlled by a series of depth-related parameters. The mixed 

calcareous-agglutinated assemblages indicate deposition above the CCD for the studied 

section (neritic and bathyal environments). Nevertheless, the CCD shallowing may have 

relatively affected  the biodiversity in the Shaqlawa section, especially when taking into 

account the extremely low P/B ratio which may be due to severe dissolution. The diverse 

benthonic foraminiferal assemblages recognized consist mainly of non-calcareous 

agglutinated foraminifera. The `Paleocene –Early Eocene benthonic foraminiferal faunas of 

the Kolosh Formation in both sections are composed typically of mixed Midway type/ 

Velasco-type taxa and some of the Tethyan carbonate taxa (at Dohuk section exclusively). 
 

As mentioned above, the Paleocene/ Eocene boundary can be easily delineated by the 

sudden extinction of Angulogavelinella avnimelechi, which is the most common marker taxon 

in the Middle East and Tethys basin outer neritic deposits (Scheibner and Speijer, 2009). 

Therefore, the last recorded occurrence of Angulogavelinella avnimelechi, in sample (D28) 

and sample (Q24) at Dohuk and Shaqlawa sections respectively, represents good indication of 

deposition close to the boundary between middle and upper bathyal or slope environments 

(800 – 200 m depth) and that this environment closed the uppermost Paleocene time in Dohuk 

and Shaqlawa areas. In addition, the extinction of Angulogavelinella avnimelechi has been 

http://www.foraminifera.eu/genus.php?no=1009318&aktion=suche
http://www.foraminifera.eu/species.php?no=1009318&aktion=suche
http://www.foraminifera.eu/genus.php?no=1009318&aktion=suche
http://www.foraminifera.eu/species.php?no=1009318&aktion=suche
http://www.foraminifera.eu/genus.php?no=1009318&aktion=suche
http://www.foraminifera.eu/species.php?no=1009318&aktion=suche
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proven to be a useful marker for delineating the Benthic Foraminifral Extinction Event 

(BFEE), (Alegret and Ortiz, 2007; Alegret et al., 2009b). 
 

The neritic to upper bathyal environmental wide range (100 – 500 m depth) of 

Angulogavelinella avnimelechi species or taxa and the exclusive rare contribution of 

Stensioeina beccariiformis at Shaqlawa area suggests, (based on Ortiz, 1995; Speijer and 

Wagner, 2002), that the sequence at the Shaqlawa area was deposited in a relatively deeper 

environment (middle-upper bathyal) than that in the Dohuk area (mid-outer neritic) during 

Late Paleocene. 
 

The early Eocene time is characterized by deep-water agglutinated foraminifera (DWAF) 

such as Trochamminid sp., Haplophragmoides sp., Recurvoides sp. and some calcareous 

foraminifera as Nuttallides truempyi, Anomalinoides capitatus among others (Berggren and 

Miller, 1989; Speijer and Wagner, 2002). Trochamminid sp., Haplophragmoides sp. are 

recognized in both sections (in sample D31, Q25), whereas Nuttallides truempyi, 

Anomalinoides capitatus are recorded only at the Shaqlawa section (in sample Q25).These 

assemblages are typical of the low to mid-latitude continental slope or middle-upper bathyal 

Velasco-type fauna (Alegret et al., 2009b). 
 

The occurrence of the benthonic microfouna Anomalinoides aegyptiacus assemblage 

(A.aegyptiacus, A. capitatus, A.pirpaua) at the uppermost Paleocene – lowermost Eocene 

samples in Dohuk and Shaqlawa sections, refer to continuous sedimentation and onset of 

PETM turbulence events that have dominated the environment of this assemblages (Dupuis     

et al., 2003; Ernst et al., 2006). 
 

All the species of Large Benthic Foraminifera (LBF) recognized in the Dohuk section 

provide another clue to relative shallow environmental position of the Dohuk section 

compared to the Shaqlawa section. Depending on (Scheibner and Speijer, 2008; and 2009; 

Wan et al., 2010) the shallow benthonic zones boundary (SBZ4/SBZ5) demonstrates an 

unambiguous correlation with Paleocene/ Eocene boundary. SBZ4 (Late Paleocene) is 

characterized here at and prior to sample D28 by Miscellanea spp. and Assilina spp. while 

SBZ5 (Early Eocene) is characterized in the samples after (D28) by the presence of Alveolina 

spp., Nummulites spp., Orbitolites sp., and the absence of Miscellanea spp. The lowermost 

Eocene in the studied sections are characterized by the dominant presence of Alveolinids and 

Nummulitids (SBZ5), planktonic foraminifera assemblages of Zone E1 and smaller benthonic 

foraminifera typical of BB2 Zone (Fig.4). 
 

 Tethyan Foraminiferial Impression During PETM 

During the earliest Eocene, the planktonic foraminifera are characterized by a marked 

increase of Acarinina and the concomitant decline of Morozovella, with some differences in 

the species composition and relative abundance. This response is similar to what has been 

recorded at several other Tethyan sites as well as high latitude environments. The size of 

planktonic foraminifera are extremely sensitive to the chemical and physical parameter 

(specially temperatures) of the ambient sea water, the changing in test size is a morphological 

adaptive response to less than favorable environmental conditions associated with PETM 

(Kaiho et al., 2006; Wade and Olsson, 2009; Alegret et al., 2010). 
 

The Paleocene – Eocene oceanographic changes that triggered the Benthic Foraminiferal 

Extinction Event, exhibited its first manifestation in the Tethys region (Ortiz, 1995). During 

PETM interval, the southern Tethyan margin experienced the (BFEE) and a dramatic decrease 

in species richness, diversity and heterogeneity, with assemblages dominated by opportunistic 

http://www.foraminifera.eu/genus.php?no=1009318&aktion=suche
http://www.foraminifera.eu/species.php?no=1009318&aktion=suche
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fauna (survivors) that indicate transient eutrophic and/or low oxygen conditions at the 

seafloor (Speijer and Wagner 2002; Alegret et al., 2005). 
 

After the (BFEE) extinction event, which is proved above by 

Angulogavelinella avnimelechi extinction, the occurrence of small finely agglutinated 

(Haplophrugmoides) at Dohuk section and thin-walled epifaunal taxa (Nuttallides truempyi) 

at Shaqlawa section indicates sluggish circulation, bottom waters undersaturated in calcium 

carbonate and dysaerobic conditions (Ortiz, 1995). In shallower setting of southern Tethys, 

such as that in the Dohuk section , Anomalinoides aegyptiacus is abundant in the P/E 

boundary and it has been considered an opportunist taxon indicative of stressful conditions 

with low-oxygen levels and high productivity (e.g., Speijer et al., 1997; Speijer and Wagner, 

2002; Ernst et al., 2006) (Fig.4). 
 

PETM environmental conditions on the shelves, hampered the growth of aragonitic 

corals, while calcitic larger foraminifera flourished and dominanted carbonate platform 

inhabitant, as the widespread Miscellanea miscella in the Tethys which is restricted to the 

Paleocene. This indicates a stepwise Tethyan platform stage evolution around the Paleocene/ 

Eocene boundary; from platform stage II (characterized by larger foraminifera) to platform 

stage III (dominated by larger foraminifera) according to (Scheibner and Speijer, 2008) as 

observed in the Dohuk section. 

 

CONCLUSIONS  

 PETM occurrence in the three sections selected carefully to represent northern Iraq region 

ensure that this area is affected by PETM climatic disaster event during Paleocene – Early 

Eocene Period. 

 The direct and indirect paleontological (foraminiferal), and sedimentological, indicators 

and the integration relationship among them suggest that both Aaliji and Kolosh 

Formations are included at least in principle the lithological or sedimentary records of 

PETM- associated events.  

 Planktonic foraminiferal analysis results and occurrence of Anomalinoides aegyptiacus 

assemblage in the Aaliji and Kolosh formations, suggest continuous sedimentation or 

condensed section for both formations around the Paleocene/ Eocene boundary in the 

studied sections.  

 The Aaliji Formation planktonic foraminifera assemblages response to PETM 

environmental conditions is represented by species reorganization (decline/ abundance) 

and morphological optimal adaptation (shape and size). While their response in the Kolosh 

Formation is represented by benthic extinction event (BFEE) (in deep environment areas) 

with general decrease in generic diversity of photoautotrophic (oligotrophic conditions) 

larger foraminifera followed by abundance stage (in shallow environment areas). The 

PETM- is distinguished more obviously in shallow marine environments (Dohuk section) 

compared to deep marine environments (Aaliji Formation).  
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