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ABSTRACT: Issawi et al. (1999) distinguished detailed seven facies that characterized the 

upper Cretaceous-Paleogene sedimentary rocks of Egypt, from north to south:  Sinai Facies 

(SF), Ataqa Facies (AF), North Western Desert Facies (NWDF), Southern Galala Facies 

(SGF), Farafra Bahariya Facies (FBF), Nile Valley Facies (NVF), Nuba Abu Ballas Facies 

(NABF), which suggest gradual paleogeographical changes from transitional open marine 

environmental facies in the northern Egypt to shallow shelf setting in the south due to 

paleorelief (highs and lows of the Syrian Arc System, Laramid Orogeny) in the upper 

Cretaceous. Each type facies has certain formations, which differ from the adjacent one, though 

some formations may cross the boundaries between two contiguous facies. According to these 

authors the contact between the deep (in the north) and shallow marine facies (in the south) 

nearly coincides around Lat. 28º N (but about Lat. 27º N of Anan, 1987). The studied Duwi 

section, Red Sea coast of Egypt, represents the Nile Valley Facies. The Tethyan aspect, Midway-

Type Fauna (MTF) of middle-outer neritic environment (100-200 m) is interpreted for the Esna 

Shale of this section.  This study deals with the paleontology and stratigraphy of sixty nine 

diagnostic benthic foraminiferal species were recorded from the upper Paleocene-early Eocene 

transition of the study section, and thirty seven species of them are illustrated. Its 

paleobiogeography distribution in different localities in the Northern and Southern Tethys is 

detected. 
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----------------------------------------------------------------------------------------------------------------- 

 

INTRODUCTION 

 

Alegret et al. (2005) noted that the Global Stratotype Section and Point (GSSP) for the PE 

boundary in Egypt was defind at Dababiya Quarry, south of Luxor (Figure 1), at the base of the 

Carbon Isotope Extersion (CIE) which coincides with the major turnover in foraminiferal 

assemblages, and benthic foraminifera from Dababiya indicate an outer shelf depth of 

deposition during the Paleocene and early Eocene. This section with Duwi section are 

represented the Nile Valley Facies (Figure 2). The Esna Shale in Duwi section extends from 

the top of the Tarawan Chalk to the base of the limestone of the Thebes Formation includes the 

Paleocene/Eocene (PE) succession (Figure 3). 
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Egger et al. (2006) noted that the calcareous benthic foraminiferal assemblages there was no 

major extinction of agglutinated taxa acros the PE boundary, while Alegret and Ortiz (2007) 

noted that at the Benthic foraminiferal extention event (BFEE) the species richness and 

diversity decreased and the relative abundance of non-calcareous agglutinated foraminifera 

increase dramatically which may be causs, among other, of the foraminiferal turnover. Ouda et 

al. (2013) noted that the PE boundary in Egypt lies at the lowest part of the Esna shale, but here 

it lies about the middle part of the study Duwi section, Red Sea coast of Egypt. 

 

The stratigraphy and paleontologic studies on Gabal Duwi, Red Sea coast of Egypt of many 

authors: Nakkady (1950, 1955, 1957); Krasheninikov and Abdel Razek (1969); Speijer (1994), 

Schmitz et al. (1996); Anan (1998, 2001, 2002, 2004, 2006, 2007, 2008, 2009, 2010, 2011, 

2012a,b, 2015b, 2017); Speijer et al. (2000). These studies are relevant to the present study. 

 

This study aims at throwing light on sixty nine diagnostic early Paleogene benthic foraminiferal 

species from Gabal Duwi section, Egypt and some other localities in the Northern and Southern 

Tethys: North America (USA, Mexico), Caribbean Sea (Trinidad, Barbados, Puerto Rico), 

Europe (North Atlantic, Spain, France, Germany, Italy, Poland, Hungaria, Romania, Czech, 

Slovakia), Asia (Jordan, Iraq, Saudi Arabia, Qatar, UAE, Iran, Pakistan, India), Africa (Tunisia, 

Libya, Egypt, Mali, Nigeria). Figure (4) shows the extension of the Paleogeography distribution 

of the Northern and the Southern Tethys, which also detected the location of the Duwi section 

of Egypt in the Southern Tethys. An additional new informations about the paleontologic, 

stratigraphic and paleogeographic distribuion and paleoenvironmente of the recorded species 

are also presented.  

 

MATERIAL OF STUDY 

  

Fifteen samples of upper Paleocene-lower  Eocene succession of Esna Shale (about 80 meter) 

of Duwi section, Red Sea coast of Egypt were collected and paleontologically studied (Figure 

3). Fifty grams of rock sample of each one were dried at 80ºC and weighed. Most shale, marl 

and calcarenite samples (do as a ledges) are disintegrated readily and washed carefully over a 

63 μm screen until the clay fractions washed completely, then dried, sieved over 125, 250 and 

500 μm and picked.       

 

TAXONOMY 

 

Sixty nine benthic foraminiferal species from the upper Paleocene-lower Eocene Esna Shale 

succession in Duwi section, Qusseir area, Red Sea coast are identified and thirty seven species 

of them are illustrated in one Plate (Plate 1). The classification of Loeblich and Tappan (1987) 
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is followed in this study. A brief remarks will be added to the species. The reference of the 

identified type species is given. Some modern references have been added to complete 

descriptions and synonymies.  

 

Order Foraminiferida Eichwald, 1830 

Suborder Textulariina Delage and Hérouard, 1896 

Bathysiphon arenaceous Cushman, 1927, p. 129, pl. 1, fig. 2 (Pl. 1, fig. 1) 

This species was recorded by many authors in Egypt (i. e.: LeRoy, 1953; Shahin, 1990; 

Hewaidy and Strougo, 2001). It is rare to common in the late Paleocene-early Eocene of the 

Esna Shale of Duwi section (Fig. ?), and also recorded from the Paleocene of the United Arab 

Emirates (UAE) by Anan (1993a).    

Spiroplectinella esnaensis (LeRoy, 1953), p. 50, pl. 1, figs. 11, 12. 

This species was recorded by many authors in Egypt (i. e.: Shahin, 1990; Speijer, 1994; 

Hewaidy and Strougo, 2001). It is common to abundant in the Late Paleocene-Early Eocene 

of the Esna Shale of Duwi section, and also recorded from the Paleocene of Tunisia (Aubert 

and Berggren, 1976), France (Sztrákos, 2005) and Iran (VahdatiRad et al., 2016). 

Vulvulina colei Cushman, 1932, p. 84, pl. 10, figs. 21, 22 (Pl. 1, fig. 2) 

This Paleocene-Eocene species was recorded by many authors in Egypt (i. e.: LeRoy, 1953; 

Said and Kenawy, 1956; Hewaidy and Strougo, 2001). It is rare to common in the study 

section. 

Plectina chapmani (Franke, 1928), p. 146, pl. 13, fig. 12 (Pl. 1, fig. 3) 

This species was recorded by LeRoy (1953). It is rare in the early Eocene of the study section. 

Gaudryina ameeri Anan, 2012, p. 63, pl. 1, fig. 7 (Pl. 1, fig. 6) 

This species was recorded, so far, in Egypt. It is an index marker species for the PE boundary. 

Anan (2012a) proposed that this species was descendent from G. pyramidata Cushman 

(1926). 

Gaudryina inflata Israelisky, 1951, p. 16, pl. 6, figs. 1, 2 (Pl. 1, fig. 7) 

This species is common to abundant in the late Paleocene of the study section. It is close to 

G. africana LeRoy, but differs in the shorter triserial part of the test. It was also recorded from 

the Paleocene of Tunisia (Aubert and Berggren, 1976). 

Gaudryina pyramidata Cushman, 1926 

This Maastrichtian-early Eocene cosmopolitan species was originally recorded from the 

Maastrichtian Velasco Shale in Mexico, Trinidad, Atlantic Ocean and California (USA), and 

later on in the Paleocene-early Eocene strata in many parts in the Tethys: Spain, France, Italy, 

Tunisia, Egypt, Qatar, Iran, Pakistan. The author believes that, one edge of G. pyramidata 

grow to produce a carinate rib, which exists along the pre-final chamber of the biserial stage 

and extends on the whole triserial portion in G. ameeri, while it starts in another edge from 

the final chamber of the biserial stage and extends along the triserial stage in G. speijeri Anan 

(2012b) .  
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Gaudryina soldadoensis Cushman and Renz, 1942, p. 4, pl. 1, fig. 2. 

This early Eocene species is common to abundant in the study section. It was recorded from 

Sinai (Said and  Kenawy, 1956), but Paleocene in Luxor (Anan and Hewaidy, 1986) and in 

Kharga Oasis (Anan and Sharabi, 1988). 

Siphogaudryina africana (LeRoy, 1953), p. 30, pl. 1, figs. 7, 8 (Pl. 1, fig. 4) 

This species was recorded by many authors in the early Eocene of Egypt (i. e.: LeRoy, 1953; 

Hewaidy and Strougo, 2001; Anan, 2009; but  Paleocene by Speijer et al., 2000). It was 

recorded in Egypt and, so far, Italy (Proto Decima and de Biase, 1975). It is an index marker 

species for the PE boundary in Egypt. Anan (2009) proposed that it is developed from the 

Paleocene S. nekhlensis (Said and Kenawy, 1956). 

Verneuilina aegyptiaca Said and Kenawy, 1956, p. 122, pl. 1, fig. 16.  

This Maastrichtian-Paleocene species was recorded in Egypt and UAE (Anan, 1993b). It is 

common in the study section.  

Verneuilina karreri Said and Kenawy, 1956 

This species was recorded from the Maastrichtian-Paleocene of Sinai, and later from Qatar. 

It is recorded here  in the early Eocene of Duwi section.    

Verneuilina luxorensis Nakkady, 1950, p. 683, pl. 89, figs. 6, 7 (Pl. 1, fig. 5) 

This early Eocene species was recorded, so far, in Egypt. Anan (2004) proposed that this 

species is developed from the Paleocene Verneuilina aegyptiaca Said and Kenawy (1956). It 

is an index marker species for the PE boundary. 

Tritaxia midwayensis (Cushman, 1936) 

This Paleocene-Eocene species was recorded from USA, and later from Egypt and Tunisia.  

Dorothia pontoni  Cushman, 1933 

 This species was recorded from the Maastrichtian-Paleocene of USA. It is recorded  in the 

early Eocene of Duwi section.     

Textularia schwageri LeRoy, 1953, p. 51, pl. 2, figs. 5, 6 (Pl. 1, fig. 8) 

This species was recorded, so far, in Egypt. It is an index marker species for the PE boundary. 

It is common in the early Eocene of the study section. 

Textularia washitensis Carsey, 1926, p. 24, pl.7, fig. 6 (Pl. 1, fig. 9) 

It seems that this species is recorded here, for the first time in Egypt, which observed in the 

early Eocene of Duwi section, Egypt, while from the Cretaceous of Texas (USA). The 

Egyptian form of it has more width in last portion of the test. 

Suborder Lagenina Delage and Hérouard, 1896 

Laevidentalina colei (Cushman and Dusenbury, 1934), p. 54, pl. 7, figs. 10-12 (Pl. 1, fig. 10)  

This Paleocene-early Eocene species was recorded in the USA, Egypt (LeRoy, 1953), Tunisia 

(Aubert and Berggren, 1976), UAE (Anan, 1993a) and Bulgaria (Valchev, 2007). It is rare to 

common in the early Eocene of the study section. 

Nodosaria limbata d'Orbigny 1840 
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This Maastrichtian-Paleocene species was recorded from Europe, USA, Mexico, Trinidad, 

Tunisia, Egypt. It is rare to common in the Paleocene of the study section. 

Pseudonodosaria bulla (Said and Kenawy, 1956) 

This Paleocene species was originally recorded from Sinai of Egypt and treated to belong the 

genus Rectoglandulina. This genus was considered by Loeblich and Tappan (1988) as a junior 

synonym of the genus Pseudonodosaria. This species was recorded, so far, from Egypt. 

Pseudonodosaria manifesta (Reuss, 1851), p. 22, pl. 1, fig. 4. 

This Maastrichtian-early Eocene species has rounded initial end with greatest width near 

middle and upper portion. It was recorded by many authors in Egypt (i. e.: LeRoy, 1953; 

Luger, 1985; Anan and Sharabi, 1988). It is rare to common in the Paleocene-early Eocene of 

the study section.  

Pyramidulina affinis (Reuss, 1845), p. 26, pl. 13, fig. 16. 

This Maastrichtian-early Eocene species was recorded by many authors in Egypt (i. e.: LeRoy, 

1953; Nakkady, 1955; Anan and Sharabi, 1988). Nakkady (1955) proposed the accelerated 

tempo of evolution for the Pyramidulina group: vertebralis-affinis-zippei in the gradual 

inflation of the chambers and the sutures becoming higher. It is rare to common in the 

Paleocene-early Eocene of the study section.  

Pyramidulina latejugata (Gümbel, 1868), p. 619, pl. 1, fig. 32. 

This Maastrichtian-early Eocene species is characterized by its very large costate test. It was 

also recorded from the Paleocene of Tunisia (Aubert and Berggren, 1976), but the Paleocene-

early Eocene of Egypt (Speijer, 1994; this study).  

Pyramidulina vertebralis (Batsch, 1791), p. 3, pl. 2, fig. 6. 

This Maastrichtian-early Eocene species is characterized by its longitudinal ribs along the test 

with flush sutures. It represents the first step of accelerated tempo of evolution for 

Pyramidulina group as noted by Nakkady (1955).  

Pyramidulina zippei (Reuss, 1845), p. 25, pl. 8, figs. 1-3. 

 This species was recorded by many authors in Egypt (i. e.: Nakkady, 1955; Said and Kenawy, 

1956; Anan and Sharabi, 1988). It is rare to common in the Paleocene-early Eocene of the 

study section. 

Frondicularia goldfussi Reuss, 1860, p. 192, pl. 4, fig. 7. 

This species was recorded Europe, USA (Cushman, 1946), Mexico (Sliter, 1968), Egypt (Said 

and Kenawy, 1956), Pakistan (Haque, 1956) and UAE (Anan, 1993a).  

Frondicularia nakkadyi Futyan, 1976, p. 528, pl. 82, fig. 1. 

This Paleocene-early Eocene species was recorded from the Paleocene of Jordan, and also 

Anan (2002) in Egypt, but early Eocene in Egypt by Speijer (1994). 

Frondicularia phosphatica Russo, 1934, p. 358, pl. 16, figs. 6-8 (Pl. 1, fig. 11) 

This Paleocene species is characterized by its central raised ridge along the test. It is common 

to abundant in the Paleocene study section. It was recorded by many authors in Egypt (i.e.: 
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Nakkady, 1950; Luger, 1985; Speijer, 1994; Anan, 2002), and also Tunisia. It is an index 

marker species for the PE boundary. 

Lenticulina budensis (Hantken, 1875),  p. 58, pl. 7, fig. 1 (Pl. 1, fig. 12) 

This Eocene-Oligocene species characteristically shows a decided inflation of 6-7 chambers 

in the last whorl, accompanied by depressed narrow sutures in the medium, moderately 

compressed test with acute periphery. It is recorded in the early Eocene of Maqfi section in 

Egypt, and in the study section. it considered here the second record of this species in Egypt. 

Lenticulina midwayensis Plummer, 1927, p. 75, pl. 13, fig. 5. 

This Maastrichtian-early Eocene cosmopolitan species was recorded in many sites in the 

Tethys: USA, Atlantic Ocean (Tjalsma and Lohmann, 1983), South America (Dailey, 1983); 

Tunisia (Aubert and Berggren, 1976), Egypt (Nakkady, 1959; El-Duwi, 2001; this study), 

UAE (Anan, 1993b, 2015b) and Pakistan (Haque, 1956).  

Lenticulina oligostegia (Reuss, 1860), p. 213, pl. 8, fig. 8. 

This species was recorded from Maastrichtian-Paleocene from Europe, USA, Mexico, 

Trinidad. It is recorded in the Paleocene of the study section.  

Lenticulina pseudomamilligera Plummer, 1927, p. 98, pl. 7, fig. 11 (Pl. 1, fig. 13) 

This species was recorded from USA, France (Sztrákos, 2000), Tunisia (Berggren and Aubert, 

1975), Egypt (Luger, 1985; Anan and Sharabi, 1988; this study), UAE (Anan, 1993a, 2015a) 

and Pakistan (Haque, 1956).  

Percultazonaria jordanensis (Futyan, 1976), p. 525, pl. 81, fig. 5 (Pl. 1, fig. 15) 

This Paleocene species was recorded from Jordan, and also Egypt by Anan (2015b). 

Percultazonaria longiscata (Nakkady, 1950), p. 684, pl. 89, fig. 13. 

This early Eocene species was recorded from Esna Shale of Luxor, Farafra Oasis and Duwi 

section.  

Saracenaria triangularis (d'Orbigny, 1840) 

This Maastrichtian-early Eocene species was recorded was Europe, USA, Mexico, Trinidad, 

Egypt. It is recorded in the Paleocene-early Eocene of the study section.    

Palmula woodi Nakkady, 1950, p. 684, pl. 89, fig. 24. 

This Paleocene-early Eocene species was recorded from Egypt, and later from Tunisia, Jordan 

and Iraq. It is rare in the early Eocene of the study section. 

Vaginulinopsis midwayensis (Fox and Ross, 1942), p. 669. 

This Paleocene species is distinguished by high protruding sutures. It was recorded, so far, 

from USA, Tunisia and Egypt.   

Citharina plummerae Anan, 2001, p. 135, pl. 1, fig. 1 (Pl.1, fig. 16) 

This Paleocene species is distinguished from Citharina plumoides (Plummer, 1927) by its 

elongate and narrow width, raised and distinct striae. 

Planularia dissona (Plummer, 1931), p. 145, pl. 11, figs. 17, 18 (Pl.1, fig. 17) 

This species does not seem to have described earlier from Egypt (except in the Maastrichtian 

Dakhla Shale of southern Egypt by Luger, 1985) and Anan (2001) in Duwi section. 
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Lagena sulcata (Walker and Jacob, 1798, p. 64, pl. 14, fig. 5 (Pl.1, fig. 18) 

This Maastrichtian-Eocene cosmopolitan species is characterized by its globulosa to 

subglobulose test with numerous longitudinal costae. It was recorded from USA, France 

(Sztrákos, 2005), Egypt (LeRoy, 1953; Said and Kenawy, 1956; Ismail, 2012; Anan, 2014; 

this study), Qatar (Hewaidy and Al-Hitmi, 1993) and UAE (Anan, 1993a).  

Ramulina navarroana Cushman, 1938 

The Maastrichtian Ramulina ornata Cushman (1938) differs from the Maastrichtian-Eocene 

species R. navarroensis by its ornamented globular body at least 7 arms. It is rare in the early 

Eocene of this study.  

Oolina globosa (Montagu, 1803), p. 523. 

This cosmopolitan species has unilocular, globular test with smooth surface. It was recorded 

from Trinidad (Bolli et al., 1994), Egypt (LeRoy, 1953; Said and Kenawy, 1956; Anan, 2014), 

UAE (Anan, 1993b), Pakistan (Nomura and Brohi, 1995). It is rare-common in the Paleocene-

early Eocene of Duwi section. 

Guttulina communis (d'Orbigny, 1826), p. 266, pl. 12, figs. 1-4 (Pl.1, fig. 19) 

This species was recorded from France, Poland (Pozaryska and Szczechura, 1968) and 

Bulgaria (Valchev, 2007). It seems that is recorded here, for the first time in Egypt, which 

observed rare in the Paleocene-early Eocene of the study section.  

Suborder Rotaliina Delage and Hérouard, 1896 

Neobulimina farafraensis LeRoy, 1953, p. 39, pl. 8, figs. 3, 4 (Pl.1, fig. 20)  

This early Eocene species was recorded from some authors in Egypt (i. e.: LeRoy, 1953; 

Speijer, 1994; Shahin, 2001; Anan, 2008). It is rare to common in the Early Eocene of the 

study section. 

Orthokarstenia applinae (Plummer, 1927), p. 69, pl. 4, fig. 1 (Pl.1, fig. 21) 

Plummer (1927) noted that the initial part of this Paleocene-early Eocene species is obscure. 

Anan (1998) regarded the species applinae is an evolutionary development from the 

Maastrichtian O. oveyi (Nakkady) (= the junior synonym of Orthokarstenia parva (Cushman) 

by Koutsoukos and de Klasz, 2000). Anan (op. cit.) also added that all members of the genus 

Orthokarstenia in Egypt seem to have been restricted to the south Egypt (Orthokarstenia 

province of Hewaidy, 1997). It has a triserial part that becomes biserial and uniserial, for this 

it should belong to the genus Orthokarstenia. Moreover, the taxonomic status of  

Orthokarstenia applinae was also used by Ismail (2012).  

Orthokarstenia eleganta (Plummer, 1927), p. 126, pl. 8, fig. 1 (Pl.1, fig. 22)  

This Paleocene-early Eocene species was recorded by some authors in Egypt (i. e.: LeRoy, 

1953; Anan and Sharabi, 1988; Speijer, 1994; Anan, 1998; Shahin, 2001), and also in 

Tunisia (Berggren and Aubert, 1975).  

Orthokarstenia nakkadyi Anan, 2009, p. 37, pl. 1, fig. 7. 

This Paleocene-early Eocene species is characterized by its longitudinal costae on the early 

chambers (lower half of the test), but without costae on the last chambers (upper half of the 
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test). It is recorded in different localities in Egypt by some authors, but in different names 

(Anan, 1998; El-Dawy, 2001; Alegret and Ortiz, 2007), as well as in Tunisia (Saint-Marc, 

1992) and France (Sztrákos, 2000),   

Bulimina cacumenata Cushman and Parker, 1936, p. 40, pl. 7, fig. 3 (Pl.1, fig. 24) 

This species was recorded from the Paleocene in USA. It is common in the early Eocene of 

Duwi section.  

Bulimina midwayensis Cushman and Parker, 1936, p. 73, pl. 4, fig. 3 (Pl.1, fig. 25) 

This Paleocene-early Eocene species was originally recorded from the Paleocene in USA, and 

also in Sweden, Tunisia (Aubert and Berggren, 1976), Egypt (Said and Kenawy, 1956) and 

UAE (Anan, 1993a).  

Praeglobobulimina quadrata (Plummer, 1927), p. 72, pl. 4, figs. 4, 5. 

This Maastrichtian-Paleocene species was recorded from USA, France (Sztrákos, 2005), 

Tunisia (Aubert and Berggren, 1976), Egypt (Luger, 1985; Samir, 2002; this study) and UAE 

(Anan, 1993b).  

Fursenkoina dubia (Haque, 1956), pl. 25, figs. 3, 4 (Pl.1, fig. 26) 

Our figured specimen from Duwi section, Egypt is closely related to the holotype of F. dubia 

(Haque), especially in the initial part of the test. This species was recorded, so far, from 

Pakistan and Egypt. 

Stilostomella paleocenica (Cushman and Todd, 1946) 

This Maastrichtian-Paleocene species was recorded from USA, Egypt and Pakistan. 

Cancris auricula (Fichtel and Moll, 1798), p. 108, pl. 20, figs. A-c (Pl.1, fig. 27) 

This species was recorded from the early Eocene of Egypt (LeRoy, 1953) and Norwegian Sea 

(Hulsbos et al., 1989). It is rare to common in the Early Eocene of the study section.  

Valvulineria aegyptiaca LeRoy, 1953, p. 53, pl. 9, figs. 21-23 (Pl.1, fig. 28) 

This species was recorded from some authors in Egypt (i. e.: LeRoy, 1953; Said and Kenawy, 

1956). It is rare to common in the Paleocene-early Eocene of the study section. 

Eponides lunatus Brotzen, 1948, p. 77, pl. 10, figs. 17, 18 (Pl.1, fig. 30) 

This species is rare to common in the Paleocene-Early Eocene of the study section. 

Neoeponides duwi (Nakkady, 1950), p. 688, pl. 90, figs. 5-7. 

Speijer (2003) considered duwi appears to have no phylogenetic relationship with Discorbis 

pseudoscopos.  

Cibicidoides decoratus (LeRoy, 1953), p. 23, pl. 6, figs. 15-17 (Pl.1, fig. 31) 

This Paleocene-early Eocene species was recorded by many authors in Egypt (i. e.: LeRoy, 

1953; Speijer, 1994; Anan, 2008; this study).  

Cibicidoides farafraensis (LeRoy, 1953), p. 24, pl. 10, figs. 1-3 (Pl.1, fig. 32) 

This species was recorded by many authors in Egypt (i. e.: LeRoy, 1953; Said and Kenawy, 

1956; Luger, 1985; Hewaidy and Strougo, 2001; Anan, 2008). It is rare-common in the early 

Eocene of the study section. 

Cibicidoides libycus (LeRoy, 1953) 
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This Paleocene-early Eocene species is characterized by its depressed sutures in both sides 

than elevated and taper sutures in the dorsal side and slightly in the ventral side in C. alleni 

(Plummer). It was recorded, by many authors,  from Libya, Tunisia, France, Turkmenia, North 

and South Atlantic Oceans 

Cibicidoides pharaonis (LeRoy, 1953), p. 24, pl. 7, figs. 9-11(Pl.1, fig. 33) 

This species was recorded by many authors in Egypt (i. e.: LeRoy, 1953; Alegret et al., 2005; 

Anan, 2008). It was originally recorded from the Early Eocene (LeRoy, 1953), but in 

Paleocene-early Eocene by other authors from different localities in Egypt, Sinai, Dababiya 

section and this study. 

Cibicidoides pseudoacutus (Nakkady, 1950), p. 691, pl. 90, figs. 29-32. 

This Paleocene species was recorded from Egypt, Tunisia (Speijer, 1994) and France 

(Sztrákos, 2005). 

Alabamina midwayensis Brotzen, 1948, p. 99, pl. 16, figs. 1, 2. 

This Paleocene-early Eocene species was recorded by many authors in many localities: 

Sweden (Brotzen, 1948), Egypt (Said and Kenawy, 1956; Nakkady, 1959; Luger, 1985; 

Speijer, 1994; this study), Tunisia (Aubert and Berggren, 1976). It is rare to common in the 

study section. 

Valvalabamina depressa (Alth, 1850), p. 266, pl. 13, fig. 21. 

The umbilical area of this Maastrichtian-Early Eocene long-ranged species is covered by an 

umbilical flap. The Gyroidina depressa of Cushman (1946), G. orbicularis and G. planata of 

LeRoy (1953) are related here to V. depressa (Alth) due to the great similarity between them.    

Anomalinoides aegyptiacus (LeRoy, 1953), p. 17, pl. 7, figs. 21-23. 

This Paleocene-early Eocene species was originally recorded from the early Eocene in Maqfi 

section (LeRoy, 1953), Tunisia (Salaj, 1976), Duwi section (Speijer and Zwaan, 1994; Speijer 

et al., 2000; this study). 

Anomalinoides desertorum (LeRoy, 1953), p. 17, pl. 7, fids. 18-20 (Pl.1, fig. 34) 

This Paleocene-early Eocene species was originally recorded from the Paleocene in Maqfi 

section (LeRoy, 1953) and later in the Arabian Sea (Boltovskoy and Verna Ocampo, 1993), 

Duwi section (Anan, 2008). 

Anomalinoides praeacutus (Vasilenko), 1950, p. 208, pl. 5, figs. 2, 3. 

This Paleocene-early Eocene species was originally recorded from the later Soviet Union, 

Tunisia (Aubert and Berggren, 1976) and Egypt (Speijer and Zwaan, 1994; this study).    

Anomalinoides welleri (Plummer, 1927), p. 143, pl. 9, fig. 6.  

This Paleocene species was recorded in USA, North Atlantic (Berggren, 1974), Tunisia 

(Berggren and Aubert, 1975), South Atlantic (Dailey, 1983), Japan (Kaiho, 1988), S. America 

(Malumiàn and Caramés,1997), Egypt (El-Dawy, 2001). It is rare to common in the 

Paleocene-early Eocene in the study section.  

Anomalinoides zitteli (LeRoy, 1953), p. 25, pl. 6, figs. 20-22. (Pl.1, fig. 35) 
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This species was recorded by many authors in Egypt (i. e.: LeRoy, 1953; Speijer, 1994; Speijer 

and Schmitz, 1998; Hewaidy and Strougo, 2001; Anan, 2008). It is rare to common in the 

early Eocene in this study.  

Gyroidinoides girardanus (Reuss, 1851), p. 73, pl. 5, fig. 34 (Pl. 1, fig. 36) 

This species was originally recorded from the Eocene of Germany, and later from 

Maastrichtian and Paleocene by different authors in different localities (i. e.: Cushman and 

Stainforth, 1951; LeRoy, 1953; Said and Kenawy, 1956; Nakkady, 1959; Luger, 1985; Anan 

and Sharabi, 1988; Kaiho, 1988; Speijer, 1994; Ali, 2003). Anan (2004) proposed an lineage 

phylogeny for the Maastrichtian-Paleocene G. girardanus to the Paleocene G. luterbacheri 

Anan. It is rare to common in the Paleocene-early Eocene of the study section. 

Karreria fallax Rzehak, 1891, p. 4 (in Rzehak, 1895), pl.7, fig. 7  (Pl. 1, fig. 37) 

This Maastrichtian-early Eocene species is characterized by its trochospirally enrolled early 

stage with one and more volution, alter stage uncoiled, suture slightly depressed with terminal 

and rounded aperture. It seems that the Stichocibicides sp. of LeRoy (1953) and Rectoeponides 

dubia Haque (1956) is closely related to K. fallax Rzehak (1891). It was recorded also from 

the North Atlantic (Berggren, 1974), France (Sztrákos, 2005), Tunisia (Aubert and Berggren, 

1976), Egypt (LeRoy, 1953; Luger, 1985) and Pakistan (Haque, 1956). 

 

PALEOGEOGRAPHY 

 

The following remarks of the paleobiogeographic distribution of the recorded Tethyan 

benthonic foraminiferal species can be presented:  

1. Berggren and Aubert (1975) noted that during the Paleogene a widespread geographic 

distribution of planktic and benthic foraminiferal elements occurred between Tethys-

Caribbean-Gulf Coast regions.  

2. Moore et al. (1978) recorded the extended realms of the Tethys, Indo-Pacific with Atlantic 

Oceans in the Maastrichtian-Late Eocene.  

3. Haq and Aubry (1980) noted that North Africa and the Middle East formed important parts 

of the Tethys link between the Atlantic Ocean and the western Pacific Ocean in the Early 

Cenozoic.  

4. Adams et al. (1983) noted that the continuous marine Paleogene connection between the area 

occupied by the present-day Mediterranean and the Indian Ocean had been lost by mid 

Burdigalian (early Miocene) times when a land bridge connected S. W. Asia to Arabia, which 

means that the faunas of the Mediterranean and Indo-West Pacific began to diverge. They also 

added that the final disconnection must have been caused by a general elevation of this region 

rather than by a global eustatic change.  

5. Solakius et al. (1990) show that the ancestral Tethys is connected with the ancestral Atlantic 

and Indian Oceans via Mediterranean Sea.  

6. Haynes and Nwabufo-Ene (1998) suggested wider Tethyan connections, as far as the 

Carpathian and Pakistan. 
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The following remarks on some diagnostic recorded species can be presented: 

1. The paleogeographic distribution of the Paleocene-Early Eocene Spiroplectinella esnaensis 

LeRoy was recorded from Southern Tethys: Egypt, Tunisia (Aubert and Berggren, 1976) 

and Northern Tethys:  France (Sztrákos, 2005). 

2. The Paleocene Vulvulina colei Cushman was recorded from USA, Europe, Libya, Egypt and 

UAE. 

3. The Maastrichtian-Paleocene Textularia washitensis Carsey (1926) was recorded from the 

Cretaceous of Texas (USA), and later from the Paleocene of Duwi section, for the first time 

(this study). 

4. The Paleocene-early Eocene Frondicularia nakkadyi Futyan was recorded from the 

Paleocene of Jordan,  and later in the Paleocene of Egypt (Anan, 2002), but early Eocene 

only (Sprijer, 1994). 

5. The Paleocene Frondicularia phosphatica Russo (1934) species was recorded in Morocco, 

Tunisia and Egypt. 

6. The Paleogene Lenticulina budensis (Hantken, 1875) was recorded from the late Oligocene 

of Hungaria (Central Europe), and later from the the same horizon of Puerto Rico (Caribbean 

Sea), and also from the early Eocene of Maqfi section (Egypt), and now from the same 

horizon of Duwi section, Egypt (this study). 

7. The Maastrichtian-Paleocene species Lenticulina pondi (Cushman, 1941) has wide 

geographic distribution: USA, Europe (Netherlands, Germany, Poland, Czech, Slovakia) and 

Egypt. 

8. The Paleocene Fursenkoina dubia (Haque, 1956) is recorded here from Duwi section which 

considered the second record area of this species, outside Pakistan. 

9. The Paleocene Nonionella africana LeRoy (1953) was recorded from Egypt: Maqfi section 

(Farafra Oasis), Duwi section, (Red Sea Coast), and also Pakistan. 

10. The Maastrichtian-Early Eocene Karreria fallax Rzehak (1891) has wide geographic 

distribution: North Atlantic, France, Tunisia, Egypt and Pakistan.  

 

PALEOECOLOGY 

 

1. Boersma (1977) noted that the during a cooling the benthic forams demonstrate increased 

spinosity, increased numbers of rectilinear species, increased numbers of benthic relative to 

planktonic foraminifera, increased numbers of generalists of cosmopolitan species, and 

increased size of individuals.  

2. Tjalsma and Lohmann (1983) noted that in Trinidad only 53% of the Paleocene benthic 

species continue into the Lower Eocene.  

3. Alegret et al (2005) noted that the Global Stratotype Section and Point (GSSP) for the PE 

boundary was defind at Dababiya Quarry in Egypt at the base of the CIE which coincides with 
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the major turnover in foraminiferal assemblages, and benthic foraminifera from Dababiya 

indicate an outer shelf depth of deposition during the Paleocene and early Eocene.  

4. Egger et al. (2006) noted that the calcareous benthic foraminiferal assemblages there was no 

major extinction of agglutinated taxa acros the P/E boundary, while Alegret and Ortiz (2007) 

noted that at the BEE the species richness and diversity decreased and the relative abundance 

of non-calcareous agglutinated foraminifera increase dramatically which may be causs, 

among other, of the foraminiferal turnover. 

5. Zachos et al. (2005) noted that the Paleocene/Eocene Thermal Maximum (PETM) event is 

contemporaneous with the benthic foraminiferal extenction event (BFEE) and also the Carbon 

Isotope Excursion (CIE). Aubry et al (2007) noted that the PETM event in Egypt, which was 

the warmest event in the last 90 millions of years, extends within the lowest part of Esna Shale. 

Ouda et al. (2016) noted that the Early Eocene El Aguz Limestone represents the invasion of 

the Tethyan flood during the subsequent decrease of temperature and continuously increased 

faunal densities as a result of gradual increase in content of disslved oxygen at the base of 

PETM.   

6. Ouda et al. (2013) noted that the PE boundary in Egypt lies at the lowest part of the Esna 

shale, but it lies about the middle part of the study Duwi section, Red Sea coast of Egypt, this 

study (Fig. 3).  

        

PALEOBATHYMETRY 

 

1. Speijer (1994) noted that the benthic foraminifera from the Paleocene-Eocene succession 

(PE) in the Red Sea coast of Egypt suggest middle neritic deposition and only minor sea-level 

variation.  

Speijer et al. (2000) noted that Gabal Duwi is located near the edge of the early Paleogene 

epicontinental Tethys margin.  

2. Alegret and Ortez (2007) noted that during the late Paleocene and early Eocene of Dababiya 

Quarry this part of the southern Tethys was occupied by an epicontinental basin, and the 

sediments were deposited in an outer shelf environment (~ 150-200m depth).  

 

PALEOCLIMATOLOGY AND PALEOECOLOGY  

 

1. Boersma (1977) noted that the during a cooling the benthic forams demonstrate increased in 

spinosity, numbers of rectilinear species, numbers of benthic relative to planktonic 

foraminifera, numbers of generalists of cosmopolitan species, and increased size of 

individuals.  

2. Norris and Röhl (1999) noted that the PE boundary contains evidenceof a warming of ~5º to 

~7º within a single processional cycle.  
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3. Zachos et al. (2001) noted that the PE transition is characterized by a brief intensive interval 

of global warming and coeval with huge perturbation of the global carbon budget, and also a 

rapid excursion to shallower depths of the global CCD  by Kroon et al (2004).  

4. Hinsbergen et al. (2005) noted that the ratio between planktonic and benthic foraminifera is 

related to water depth, and the percentage planktonic (% P) generally increases with 

increasing distance to shore. However, next to water depth the oxygen level of bottom waters 

has a profound effect on the abundance of benthic foraminifera, and as such influence the % 

P. 

5. Zachos et al. (2005) noted that this PETM event is contemporaneous with the benthic 

foraminiferal extenction event (BFEE) and also the Carbon Isotope Excursion (CIE). 

 6. Aubry et al (2007) noted that the PETM event in Egypt, which was the warmest event in the 

last 90 millions of years, extends within the lowest part of Esna Shale.  

7. Ouda et al. (2016) noted that the Early Eocene El Aguz Limestone represents the invasion of 

the Tethyan flood during the subsequent decrease of temperature and continuously increased 

faunal densities as a result of gradual increase in content of disslved oxygen at the base of 

PETM.          

8. During the Paleocene and Eocene (65.5–33.9 Ma) the Earth experienced the warmest 

conditions of the Cenozoic. The PETM (~55.5 Ma) is globally the best documented and most 

prominent.  
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Figure 1 : Location map of the different facies in Egypt (after Issawi et al., 1999). The numbers 

are the locations of the sections were studied by the present author and other authors. Sinai 

Facies includes (1. Qusaima, 2. Nukhul, 3. Taba ; 4. Ekma, Samra and Abu Zenima sections), 

North Western Desert Facies (5. Jiran El Ful section), Southern Galala Facies (6. Wadi Ed 

Dakhl, 7. Esh El Mallaha and Sufr Ed Dara sections), Farafra Bahariya Facies (8. Maqfi, Gunna, 

Esheikh Marzouk and Twin Spikes sections), Nile Valley Facies (9. Duwi, 10. Gurnah, Qena, 

Owaina sections ; 11. Ain Dabadib, Um Elghanayem, and Ghanima sections), Nuba Abu Ballas 

Facies (12. Bir Kiseiba section and surroundings). 
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Figure 2: Location map of the Duwi section, as well as the Type locality of Paleocene-Eocene 

boundary represented by the Dababiya section, south Luxor city in the Nile Valley. 
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.. 

Figure 3. Stratigraphy (litho- and bio-) and stratigraphic ranges of the identified benthic 



British Journal of Earth Sciences Research  

Vol.7, No.2, pp.1-25, September 2019 

elopment UK (www.eajournals.org)___Published by European Centre for Research Training and Dev 

24 
 

Print ISSN: 2397-7728, Online ISSN: 2397-7736 

foraminiferal species of the upper Paleocene-early Eocene succession of the Esna Shale in 

Duwi section, Red Sea coast of Egypt.  

  

Figure 4: Paleocene Paleogeography distribution of the Northern Tethys and Southern 

Tethys throughout  the west Africa (extend to Nigeria), which also detected the location 

of the Duwi section, Egypt. 

 

Plate 1 (all figure approximately x50)  

1. Bathysiphon arenaceous Cushman, 1927. 2. Vulvulina colei Cushman, 1932. 3. Plectina 

chapmani (Franke, 1928). 4. Siphogaudryina africana (LeRoy, 1953). 5. Verneuilina luxorensis 

Nakkady, 1950. 6. Gaudryina ameeri Anan, 2012. 7. Gaudryina inflata Israelisky, 1951. 8. 

Textularia schwageri LeRoy. 9. Textularia washitensis Carsey, 1926. 10. Laevidentalina colei 

(Cushman and Dusenbury, 1934). 11. Frondicularia phosphatica Russo, 1934. 12. Lenticulina 

budensis (Hantken, 1875). 13. Lenticulina pseudomamilligera Plummer, 1927. 14. Lenticulina 

turbinata Plummer, 1927. 15. Percultazonaria jordanensis (Futyan, 1976). 16. Citharina 

plummerae Anan, 2001. 17. Planularia dissona (Plummer, 1931). 18. Lagena sulcata (Walker 

and Jacob, 1798). 19. Guttulina communis (d'Orbigny, 1826). 20. Neobulimina farafraensis 

LeRoy, 1953. 21. Orthokarstenia applinae (Plummer, 1927). 22. Orthokarstenia eleganta 

(Plummer, 1927). 23. Orthokarstenia nakkadyi Anan, 2009. 24. Bulimina cacumenata 

Cushman and Parker, 1936. 25. Bulimina midwayensis Cushman and Parker, 1936. 26. 

Fursenkoina dubia (Haque, 1956). 27. Cancris auricula (Fichtel and Moll, 1798). 28. 

Valvulineria aegyptiaca LeRoy, 1953. 29. Valvulineria depressa (Alth, 1850). 30. Eponides 

lunatus Brotzen, 1948. 31. Cibicidoides decoratus (LeRoy, 1953). 32. Cibicidoides farafraensis 

(LeRoy, 1953). 33. Cibicidoides pharaonis (LeRoy, 1953). 34. Anomalinoides desertorum 

(LeRoy, 1953). 35. Anomalinoides zitteli (LeRoy, 1953). 36. Gyroidinoides girardanus (Reuss, 

1851). 37. Karreria fallax Rzehak, 1891. 
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