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ABSTRACT 

The Upper Cretaceous deposits are widely distributed and well exposed in northern Egypt. Important upper Campanian-Maastrichtian 

carbonate deposits outcrop at the Northern and Southern Galala Plateaus, north Eastern Desert, represented by Sudr Formation. Sudr 

Formation is lithologically investigated, sampled, and the included fauna are collected for taxonomic and paleobiogeographic studies. Four 

gastropod species, belonging to three genera and three families, as well as twelve bivalve species, representative of twelve genera and nine 

families, are identified. Two gastropod species; Cerithium buddha Noetling, Potamides temalacaensis Perrilliat et al., and four bivalve 

species; Gryphaeostrea canaliculata (Sowerby), Venilicardia truncata (Sowerby), Calva (Egelicalva) buttensis (Anderson), Lyriochlamys 

dentata (Nilsson), are recorded for the first time from the Upper Cretaceous deposits of Egypt. The microfacies analysis of the carbonates 

of Sudr Formation revealed four distinct microfacies types, each with characteristic bioclasts and textural features. These microfacies types 

suggest open-marine, high-energy shallow subtidal shoal to low-energy deep subtidal environments. The paleobiogeography of the recorded 

bivalve taxa is highlighted, revealing two endemic species to Egypt; Nucula chargensis Quaas and Meretrix rohlfsi (Quaas). On the other 

hand, the other identified bivalve species show wide distribution over a broad geographical area, including North Africa, East and West 

Africa, Middle East, Asia, Europe, South America, and North America. The bivalve distribution in the present study suggests a strong 

affinity to the southern Tethyan Province. potential applications in various fields, such as pharmaceuticals, and materials science. 

Additionally, the synthesis of fluorescent sensors and potential inhibitors for enzymes is discussed. 

mailto:geo.shahin93@gmail.com
https://abas.journals.ekb.eg/
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1. Introduction 

    Egypt was located at the southern rim of the Neo-Tethys 

during the Late Cretaceous time [1]. A major transgressive 

phase characterized the Campanian-Maastrichtian time in 

northern Egypt [2], resulting in the deposition of carbonate 

and marly facies [3]. The upper Campanian-Maastrichtian 

carbonate deposits are extensively exposed in Sinai, Gulf of 

Suez, north Eastern Desert, and northern and central Western 

Desert. These outcrops are represented by Sudr Formation at 

Northern and Southern Galala Plateaus, north Eastern Desert 

[4]. The Sudr Formation underwent extensive literature 

concerning the stratigraphic aspects [5-19], foraminiferal 

content [3, 20-28], and calcareous nannoplankton content 

[29-31].  So far, the macrofaunal content of Sudr Formation 

in north Eastern Desert received no attention. Therefore, the 

objectives of the present work are to highlight the 

stratigraphy of Sudr Formation, to systematically study the 

included gastropods and bivalves, to discuss the 

paleobiogeography of the recorded bivalves, and to deduce 

the paleoenvironmental conditions through microfacies 

analysis. 

 

2. Geologic setting 

 
    During the Late Cretaceous, Egypt was situated at the 

southern edge of the Neo-Tethys [16, 32, 33], and an 

extended carbonate platform covered North Africa due to the 

sea-level rise [2, 34]. Hemipelagic sediments of deep 

carbonate platform, consisting of carbonate and marley 

facies, were developed in northern Egypt during the 

Campanian-Maastrichtian time [3]. 

Fig.1. Location map and geological map of the study area, 

modified after Abd-Elhameed et al. [134]. 

The study area encompasses the Northern and Southern 

Galala plateaus, separated by Wadi Araba, in north Eastern 

Desert, where the upper Campanian-Maastrichtian outcrops 

are represented by Sudr Formation (Fig.1).  

Ghorab [4] proposed the term Sudr Formation to describe the 

chalk sequence at Wadi Sudr area, west-central Sinai. At the 

study area, the lower part of Sudr Formation is made up of 

greyish, fossiliferous limestones, yellowish marly 

limestones, and white cavernous limestones, while the upper 

part of Sudr Formation consists mainly of snow-white chalky 

limestones (Fig.2). Sudr Formation has been assigned to late 

Campanian-Maastrichtian age based on the planktonic 

foraminiferal content, e.g. Globotruncanella havanensis 

(Voorwijk), Globotruncana aegyptiaca Nakkady, and 

Gansserina gansseri (Bolli) [35]. 

Fig.2. Lithostratigraphic sections of the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and 

Askhar El-Bahari areas, with the distribution of the identified 

fauna. 
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3. Materials and methods  

    Two sections, representing the upper Campanian-

Maastrichtian Sudr Formation (Fig.2), were measured, 

studied, sampled for microfacies analysis, and their 

molluscan content were collected bed by bed for systematic 

and paleogeographical studies. The studied sections are; 

Umm Khayshar section at the northern scarp of the Southern 

Galala Plateau (Lat. 28° 55ʹ 34″ and Long. 32° 10ʹ 25″) and 

Askhar El-Bahari section at the southern scarp of the 

Northern Galala Plateau (Lat. 29° 03ʹ 04″ and Long. 32° 01ʹ 

09″). 

    The different microfacies types are identified following 

the classification scheme of Dunham [36], with 

modifications of Embry and Klovan [37] and Scholle [38]. 

The taxonomic study of the molluscan content follows the 

classifications of Wenz [39], Perrilliat et al. [40], and 

Bouchet and Rocroi [41] for gastropods, and the 

classifications of Moore [42], Amler et al. [43], Bieler et al. 

[44], and Sørensen et al. [45] for bivalves. Moreover, the 

morphological terminology follows the glossary of Cox [46]. 

All linear measurements (given in millimeters) were taken 

using a Vernier Caliper. Abbreviations used for gastropod 

measurements are as follows: H: height, D: diameter, Hl: 

height of last whorl, Ha: height of aperture, Wa: width of 

aperture, Sa°: spiral angle (in degrees). Abbreviations used 

for bivalve measurements are as follows: L: shell length, H: 

shell height, C: shell thickness. All the materials are housed 

in the Museum of the Geology Department, Faculty of 

Science, Helwan University, Egypt. 

 

4. Systematic Paleontology 
 

Class: Gastropoda Cuvier [47]  

Subclass: Prosobranchia Milne Edwards [48]  

Clade: Caenogastropoda Cox [46] 

Family: Tylostomatidae Stoliczka [49] 

Genus: Tylostoma Sharpe [50] 

Subgenus: Tylostoma Sharpe [50] 

Tylostoma (Tylostoma) pallaryi (Péron and Fourtau [51])  

Fig.3a, b 

[51] Pseudomelania Pallaryi Péron and Fourtau, p.270, pl.1, 

fig.22. 

[52] Tylostoma pallaryi (Péron and Fourtau); Fawzi, p.91, 

pl.7, figs.1-3. 

[53] Tylostoma (Tylostoma) pallaryi (Péron and Fourtau); 

Mekawy, p.167, pl.3, fig.5. 

[54] Tylostoma (Tylostoma) pallaryi (Péron and Fourtau); 

Kassab and Abdelhady, p.11, fig.8f. 

Material. Five specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and Askhar 

El-Bahari areas (UCG-39-43). 

Measurements (in mm). 

 

 

 

 H D Hl Ha Wa Sa° 

Range 35-

40 

23-

27 

24-

31 

16-

22 

8-15 63°-

70° 

Mean 37 25 27 19 11 68° 

 

Remarks. Shells are turriculated of medium size. Spire is 

moderately high, representing about 30 percent of the shell 

height, and acute, with spiral angle of about 68°. The body 

whorl represents two thirds of the shell height. Suture line is 

slightly depressed. The present species can be distinguished 

from the Cenomanian Tylostoma athleticum Greco by the 

more inflated body whorl, and can also be distinguished from 

the Cenomanian T. globosum (Sharpe) by the less globular 

shell. 

Distribution. Tylostoma (Tylostoma) pallaryi has been 

reported from the Cenomanian of the United Arab Emirates 

[55], Cenomanian of Algeria [56], Cenomanian-Turonian of 

Egypt [57], Cenomanian of Iraq [58], and Maastrichtian of 

Saudi Arabia [59]. 

Tylostoma (Tylostoma) peroni Pervinquière [60] Fig.3c, d 

[60] Tylostoma Peroni Pervinquière, p.4, Fig.13.  

[53] Tylostoma (Tylostoma) peroni Pervinquière; Mekawy, 

p.167, pl.3, Fig.6.  

Material. Two specimens from the upper Campanian-

Maastrichtian Sudr Formation at Askhar El-Bahari area 

(UCG-46, 47). 

Measurements (in mm). 

 

 H D Hl Ha Wa Sa° 

Range 38-

41 

24-

26 

17-

19 

23-

24 

15-16 75°-

77° 

Mean 40 25 18 24 16 76° 

 

Remarks. Shells are globular of medium size. Spire is low, 

consisting of 2 to 3 whorls. The body whorl is large, 

representing more than two thirds of the shell height. Suture 

line is depressed. The present species can be distinguished 

from the Cenomanian Tylostoma (Tylostoma) pallaryi by the 

larger shell size and the lower spire. 

Distribution. Tylostoma (Tylostoma) peroni has been 

recorded from the Santonian-Campanian of Tunisia [60] and 

Turonian of Egypt [53]. 

Family: Cerithiidae Fleming [61] 

Genus: Cerithium Bruguière [62] 

Cerithium buddha Noetling [63] 

Fig.3e, f 

[63] Cerithium buddha Noetling, p.60, pl.15, figs.4-5. 

[55] Cerithium buddha Noetling; Metwally, p.339, pl.2, 

Fig.4. 

[59] Cerithium buddha Noetling; Gameil and El-Sorogy, 

p.132, Fig.4f, g. 

Material. Eight specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and Askhar 

El-Bahari areas (UCG-93-100). 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

116 
 

Measurements (in mm). 

 

 H D Hl Ha Wa Sa° 

Range 17-

20 

9-12 5-7 3-4 3-5 24°-

27° 

Mean 18 10 6 3 4 25° 

 

Remarks. The specimens are represented by medium-sized 

turriculated shells. Spire is longitudinal, consisting of 5 to 6 

rounded whorls, with narrow spiral angle (about 25°). Suture 

line is slightly depressed. 

Distribution. Cerithium buddha has been documented from 

the Maastrichtian of Pakistan [63], United Arab Emirates 

[55], and Saudi Arabia [59]. 

Family: Potamididae Adams and Adams [64] 

Genus: Potamides Brongniart [65] 

Potamides temalacaensis Perrilliat et al. [40] 

Fig.3g 

[40] Potamides temalacaensis Perrilliat et al., p.11, fig.5(17-

20). 

Material. One specimen from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCG-

101). 

Measurements (in mm). 

 

 H D Hl Ha Wa Sa° 

UCG-

101 

28 13 - - - 28° 

 

Remarks. The shell is turriculated of medium size. Spire is 

longitudinal, with numerous convex whorls and narrow spiral 

angle (about 28°). Suture line is slightly depressed. Surface 

is sculptured with nodes by the intersections between axial 

ribs and spiral lirae. 

Distribution. Potamides temalacaensis has been reported 

from the Maastrichtian of Mexico [40]. 

Class: Bivalvia Linnaeus [66] 

Order: Ostreoida Férussac [67] 

Family: Gryphaeidae Vyalov [68] 

Subfamily: Exogyrinae Vyalov [68] 

Genus: Exogyra Say [69] 

Exogyra overwegi (von Buch [70]) 

Fig.3h, i 

[70] Exogyra overwegi von Buch, p.152, pl.4, figs.1, 2. 

[71] Ostrea fourneti; Coquand, p. 229, pl.21, figs.1-3. 

[72] Exogyra overwegi von Buch; Abbas, p.70, pl.ix, figs.9, 

11. 

[73] Exogyra overwegi von Buch; Quarto di Palo, p.101, 

Pl.13, figs.8-9. 

[74] Exogyra overwegi von Buch; Kassab and Zakhera, 

p.330, fig.2. 

[75] Exogyra overwegi von Buch; Hewaidy et al., p.101, 

fig.8d. 

Material. Three specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCO-

162). 

Measurements (in mm). 

 

 H L C H/L C/L C/H 

Range 66-

70 

65-

73 

30-38 0.8-

1.2 

0.41-

0.5 

0.46-

0.52 

Mean 68 70 32.5 0.97 0.46 0.48 

 

Remarks. The three well-preserved left valves are very large 

sized and exogyriform, ranging from high-oval to 

subrounded in outline, with strongly curved antero-dorsal 

margin. Umbo is opithogyrate, strongly twised, and the 

umbonal region is narrow. Ventral region is extended; 

ligament area is inclined and large. Adductor muscle scar is 

subrounded, large, and located at the center of the left valve. 

Anterior margin is convex, while posterior margin is 

concave. Ornamentation consists of concentric growth 

lamellae, crossed by radial ribs. 

The present species differs from Exogyra (Costagyra) 

olisiponensis Sharpe in the lack of the spinose radial ribs and 

the presence of fine commarginal ribs instead. Moreover, 

Exogyra (C.) olisiponensis is only known from the Albian to 

the Coniacian [57], unlike Exogyra overwegi that ranges 

from the Santonian to the Maastrichtian. 

Subfamily: Gryphaeostreinae Stenzel [76] 

Genus: Gryphaeostrea Conrad [77] 

Gryphaeostrea canaliculata (Sowerby [78]) 

Fig.3j, k 

[78] Chama canaliculata Sowerby, pl.26, fig.1. 

[79] Gryphaeostrea canaliculata Sowerby; Cleevely and 

Morris, p.458, fig.6. 

[80] Gryphaeostrea canaliculata Sowerby; Malchus et al., 

p.124, figs.1-3, 5-11. 

Material. Three specimens from the upper Campanian-

Maastrichtian Sudr Formation at Askhar El-Bahari area 

(UCO-1222). 

Measurements (in mm). 

 

 H L C H/L C/L C/H 

Range 19.5-

21 

13.5-

15 

3.8-

4.5 

1.38-

1.45 

0.27-

0.33 

0.18-

0.31 

Mean 20 14 4 1.43 0.29 0.2 

 

Remarks. The shell is small, opisthocline to orthocline, and 

ovate to elliptical. The left valve is rather convex, higher than 

long, with coiled opishthogyrous beak and narrow umbo. The 

right valve is concave, somewhat oval, higher than long, with 

a small opisthogyrous beak and insignificant umbo. 
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Ornamentation consists of subconcentric growth lamellae in 

some specimens. 

 
 

Fig.3. (a, b) Tylostoma (Tylostoma) pallaryi (Péron and 

Fourtau), UCG-39; (a) aperture view, (b) apical view. (c, d) 

Tylostoma (Tylostoma) peroni Pervinquière, UCG-46; (c) 

aperture view, (d) apical view. (e, f) Cerithium buddha 

Noetling; (e) aperture view, UCG-93, (f) aperture view, 

UCG-94. (g) Potamides temalacaensis Perrilliat et al., 

adaperture view, UCG-101. (h, i) Exogyra overwegi (von 

Buch), UCO-162; (h) external view of left valve, (i) internal 

view of right valve. (j, k) Gryphaeostrea canaliculata 

(Sowerby), UCO-1222; (j) external view of left valve, (k) 

internal view of right valve. Scale bar = 2 cm. 

Order: Lucinida Gray [81]  

Family: Lucinidae Fleming [61] 

Genus: Lucina Bruguiére [62] 

Lucina sp. 

Fig.4a, b 

Material. Six specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and Askhar 

El-Bahari areas (UCB-17-22). 

Measurements (in mm). 

 H L C H/L C/L C/H 

Range 22-

26 

22-

28 

5.4-8 0.9-

1.1 

0.22-

0.28 

0.23-

0.27 

Mean 24 25 6.5 1 0.25 0.25 

 

Remarks. Shells are medium-sized, subcircular, 

inequilateral, equivalved and moderately inflated (C/L=0.25 

on average). Postero-dorsal margin is straight to slightly 

convex, and higher than antero-dorsal margin. Antero-dorsal 

margin is slightly concave. Posterior margin is strongly 

convex. Anterior margin is rounded, meeting regularly 

convex ventral margin in rounded curve. Umbones are small, 

prosogyrate, and located almost at mid-length of valve. 

Lunule is narrow and elongated oval. Some specimens 

display faint growth lines. 

    The present species differs from Lucina (Dentilucina) 

subnumismalis d’Orbigny in the less prominent umbones of 

the latter and being more elongated below umbones. It also 

differs from L. masylaea Coquand in the larger size, and the 

deeper, wider, and longer lunule of the latter. 

Order: Cardiida Férussac [67] 

Family: Arcticidae Newton [82] 

Genus: Arctica Schumacher [83] 

Arctica sp. 

Fig.4c, d 

Material. Nine specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and Askhar 

El-Bahari areas (UCB-150-158). 

Measurements (in mm). 

 

 H L C H/L C/L C/H 

Range 22-

26 

22-

28 

5.4-8 0.9-

1.1 

0.22-

0.28 

0.23-

0.27 

Mean 24 25 6.5 1 0.25 0.25 

 

Remarks. Internal moulds are of medium size, suboval to 

subtrigonal in outline, inequilateral, equivalved, and valves 

are evenly inflated. Posterior margin is obliquely truncated. 

Anterior margin is strongly convex. Umbo is prosogyrate. 

Pallial line is prominent along the entire margin. Postero-

dorsal margin is convex and higher than the antero-dorsal 

margin. Antero-dorsal margin is slightly concave. No 

ornamentation preserved. 

The present species differs from Arctica picteti (Coquand) in 

the straight postero-dorsal margin of the latter and being 

strongly elongated. It also differs from Arctica inornata 

(d’Orbigny) in the more prominent beaks and shallow antero-

dorsal margin of the latter. 

Genus: Venilicardia Stoliczka [84] 

Venilicardia truncata (Sowerby [85]) 

Fig.4e, f 

[85] Venus truncata Sowerby, p.342, pl.17, fig.3. 

[86] Venilicardia truncata (Sowerby); Jaitly and Mishra, 

p.258, fig.5f, g. 

Material. Six specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

159-165). 

Measurements (in mm). 

 H L C H/L C/L C/H 
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Range 15-

18 

16-

20 

8-12 0.7-

0.95 

0.51-

0.7 

0.5-

0.77 

Mean 16 18 10 0.88 0.59 0.63 

Remarks. Internal moulds are of medium size, sub-

rhomboidal, inequilateral, equivalved, and strongly inflated. 

Anterior margin is well rounded. Posterior margin is short 

and subrounded. Postero-ventral margin is slightly truncated. 

Postero-dorsal margin is gently convex. Umbo is prominent, 

broad, and prosogyrate. Surface is ornamented with regular, 

concentric growth lines. 

Family: Veneridae Rafinesque [87] 

Genus: Calva Popenoe [88] 

Subgenus: Egelicalva Saul and Popoeno [89] 

Calva (Egelicalva) buttensis (Anderson [90]) 

Fig.4g, h 

[90] Trigonocallista buttensis Anderson, p.140, pl.59, fig.1. 

[89] Calva (Egelicalva) buttensis (Anderson); Saul and 

Popenoe, p.36, figs.191-210. 

[86] Calva (Egelicalva) buttensis (Anderson); Jaitly and 

Mishra, p.258, fig.5i, j. 

Material. Seven specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

159-165). 

Measurements (in mm). 

 H L C H/L C/L C/H 

Range 18-

20 

18-

22 

8-

14 

0.8-

1.1 

0.45-

0.67 

0.5-

0.7 

Mean 19 20 11 0.95 0.55 0.58 

 

Remarks. Internal moulds are of medium size, ovate to 

trigonal, inequilateral, equivalved, and moderately inflated. 

Anterior and posterior margins are broadly rounded. 

Posterior margin is truncated. Postero-ventral margin is 

gently convex. Antero-ventral margin is strongly convex. 

Umbo is pointed, prosogyrate, and situated at a quarter of the 

shell length from the anterior margin.  

Genus: Meretrix Lamarck [91] 

Meretrix rohlfsi (Quaas [92]) 

Fig.4i, j 

[92] Cytherea rohlfsi Quaas, p.224, pl.24, figs.23-25; pl.25, 

figs.1-4. 

[72] Meretrix rohlfsi (Quaas); Abbass, p.148, pl.22, fig.16. 

[74] Meretrix rohlfsi (Quaas); Kassab and Zakhera, p.340, 

fig.4(8). 

[75] Meretrix rohlfsi (Quaas); Hewaidy et al., p.24, fig.11j. 

Material. Fifteen specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

304-318). 

Measurements (in mm). 

 

 H L C H/L C/L C/H 

Range 23-

27 

24-

28 

14-

18 

0.85-

1.17 

0.54-

0.7 

0.51-

0.77 

Mean 25 26 16 0.96 0.62 0.64 

 

Remarks. Shells are medium-sized, subtriangular in outline, 

equivalved, and inequilateral. Antero-dorsal margin is 

concave below the umbo. Postero-dorsal margin is gently 

convex. Ventral margin is convex, meeting the anterior and 

posterior margins in rounded curves. Umbo is prosogyrate, 

and located anteriorly. Lunule is ovate and wide. Surface is 

ornamented with concentric lamellae, separated by narrow 

interspaces. 

 

 
 

Fig.4. (a, b) Lucina sp., UCB-17; (a) external view of left 

valve, (b) external view of right valve. (c, d) Arctica sp., 

UCB-150; (c) external view of left valve, (d) external view 

of right valve. (e, f) Venilicardia truncata (Sowerby), UCB-

159; (e) external view of left valve, (f) dorsal view. (g, h) 

Calva (Egelicalva) buttensis (Anderson), UCB-217; (g) 

external view of right valve, (h) dorsal view. (i, j) Meretrix 

rohlfsi (Quaas), UCB-304; (i) external view of right valve, (j) 

dorsal view. Scale bar = 1 cm. 

Order: Pectinida Gray [81] 

Family: Pectinidae Wilkes [93] 

Genus: Lyriochlamys Sobetskii [94] 

Lyriochlamys dentata (Nilsson [95]) 

Fig.5a 

[95] Pecten dentatus Nilsson, p.20, pl.10, fig.9. 

[96] Chlamys dentata (Nilsson); Dhondt, p.15. 

[45] Lyriochlamys dentata (Nilsson); Sørensen et al., p.31, 

fig.8l. 

Material. Thirteen specimens from the upper Campanian-
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Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

324-336). 

Measurements (in mm). 

 

 H L H/L 

Range 18-27 16-25 0.98-1.2 

Mean 22 21 1.05 

 

Remarks. Shells are medium sized and drop-shaped. Right 

anterior auricle is winged and elongated. Left anterior auricle 

is large and covered with radial ribs. Posterior auricles are 

obtusely angled and much smaller. Surface is ornamented 

with numerous tripartite ribs and scabrous spinelets. 

Family: Plicatulidae Gray [81] 

Genus: Plicatula Lamarck [97] 

Subgenus: Plicatula Lamarck [97] 

Plicatula (Plicatula) sp. 

Fig.5b 

Material. Two incomplete specimens from the upper 

Campanian-Maastrichtian Sudr Formation at Umm Khayshar 

area (UCB-345, 346). 

Measurements (in mm). 

 

 L H H/L 

Range 42-43 40-44 0.95-1.02 

Mean 43 42 0.98 

 

Remarks. Shells are medium-sized, ostreiform, inequilateral, 

nearly equivalved, with plicate margins. Valves are slightly 

convex to flattened. Inflated beak is in the left valve, and 

small attachment area is in the postero-dorsal region of the 

right valve. Umbos are orthogyrate and low. Ventral margin 

is rounded and joined to anterior and posterior margins in a 

rounded curve. Ornamentation consists of tuberculated radial 

ribs, separated by concave interspaces. 

The present species differs from P. ferryi Coquand in having 

a strongly curved, orbicular shell. It also differs from P. 

multicostata Forbes in having narrower interspaces than the 

radial ribs and more strongly curved shell. 

Order: Trigonioida Dall [98] 

Family: Trigoniidae Lamarck [99]  

Genus: Pterotrigonia Van Hoepen [100] 

Subgenus: Scabrotrigonia Dietrich [101] 

Pterotrigonia (Scabrotrigonia) scabra (Lamarck [99]) 

Fig.5c 

[99] Trigonia scabra Lamarck, p.63, no.2. 

[102] Trigonia scabra Lamarck; Zittel, p.161, pl.9, fig.2a-c. 

[103] Trigonia orientalis Douvillé, p.168, pl.21, figs.14, 15. 

[72] Trigonia scabra Lamarck; Abbass, p.89, pl.15, figs.1, 2, 

3, 5, 7, 8. 

[104] Pterotrigonia (Scabrotrigonia) scabra (Lamarck); 

Cox, p.487, fig.73(1). 

[105] Pterotrigonia (Scabrotrigonia) scabra (Lamarck), 

Kora et al., pl.2, fig.12. 

[106] Pterotrigonia (Scabrotrigonia) scabra (Lamarck), El-

Hedeny, p.713, fig.5. 

Material. Ten specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

349-358). 

Measurements (in mm). 

 L H C H/L C/L C/H 

Range 32-

55 

26-57 8-20 0.8-

1.04 

0.2-

0.31 

0.21-

0.32 

Mean 50 42 11 0.84 0.22 0.26 

 

Remarks. Shells are medium-sized, semilunate, equivalved, 

strongly inequilateral, and moderately to highly inflated. 

Postero-dorsal margin is concave. Anterior margin is 

strongly convex, meeting convex ventral margin in rounded 

curve. Posterior end is elongated and compressed. Umbos are 

narrow, more or less pointed, and opisthogyrate. Flanks are 

covered with well-developed sharp, slightly-curved costae, 

separated by wide and smooth interspaces. 

Order: Nuculoida Dall [98] 

Family: Nuculidae Gray [107] 

Genus: Nucula Lamarck [91] 

Nucula chargensis Quaas [92] 

Fig.5d, e 

[92] Nucula chargensis Quaas, p.195, pl.31, figs.34-36. 

[108] Nuculana chargensis Quaas; Fourtau, p.1. 

[72] Nucula (Nucula) chargensis Quaas; Abbass, p.6, pl.1, 

figs.15, 17. 

[109] Leionucula chargensis (Quaas); Azab et al., p.230, 

pl.1, figs.4-8. 

[75] Nucula chargensis (Quaas); Hewaidy et al., p.9, fig.7b. 

Material. Three specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar and Askhar 

El-Bahari areas (UCB-359-361). 

Measurements (in mm). 

 

 L H C H/L C/L C/H 

Range 9-19 14-18 3-8 0.9-

0.97 

0.3-

0.41 

0.38-

0.39 

Mean 17 16 6 0.94 0.35 0.38 

 

Remarks. Shells are small-sized, oval, and equivalved. Umbo 

is terminal and opisthogyrate. Hinge line is curved. The 

posterior margin is convex and longer than the anterior 

margin. Ventral margin is strongly convex. Lunule is narrow 

and elongated. Escutcheon is small and oval. All specimens 

are internal moulds with no ornamentation. The present 

species differs in Nucula cretacea Coquand in having less 

elongated shell and less convex ventral margin.  

Order: Arcoida Stoliczka [84] 

Family: Cucullaeidae Stewart [110] 

Genus: Cucullaea Lamarck [97] 

Subgenus: Idonearca Conrad [111] 

Cucullaea (Idonearca) maresi (Coquand [112]) 

Fig.5f, g 

[112] Arca maresi Coquand; p.130. 

[113] Cucullaea cf. maresi Coquand; Dacqué, p.371, pl.36, 

fig.4. 
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[57] Cucullaea (Idonearca) maresi (Coquand); El-Qot, p.24, 

pl.2, figs.9-13. 

[114] Cucullaea (Idonearca) maresi (Coquand); Mekawy, 

p.206, pl.1, fig.8. 

[115] Cucullaea (Idonearca) maresi (Coquand); El-Qot et 

al., p.191, pl.1, figs.6a-b. 

Material. Six specimens from the upper Campanian-

Maastrichtian Sudr Formation at Umm Khayshar area (UCB-

391-396). 

Measurements (in mm). 

 

 L H C H/L C/L C/H 

Range 55-

70 

48-

55 

46-

50 

0.75-

0.88 

0.67-

0.89 

0.87-

0.99 

Mean 58 50 48 0.86 0.83 0.96 

 

Remarks. Shells are large-sized, subtriangular to 

subtrapezoidal, longer than high (H/L = 0.86 on average), 

equivalved, and inequilateral. Umbo is prominent, broad, 

slightly prosogyrate, and located anteriorly. Posterior part is 

longer than anterior one. Ventral margin is slightly curved. 

Posterior margin is nearly straight, meeting ventral margin in 

acute angle. Ornamentation not preserved except some faint 

radial ribs in some specimens. 

 

 
 

Fig.5. (a) Lyriochlamys dentata (Nilsson), external view, 

UCB-324. (b) Plicatula (Plicatula) sp., internal view of right 

valve, UCB-345. (c) Pterotrigonia (Scabrotrigonia) scabra 

(Lamarck), external view, UCB-349. (d, e) Nucula 

chargensis Quaas, UCB-359; (d) external view of left valve, 

(e) dorsal view. (f, g) Cucullaea (Idonearca) maresi 

(Coquand), UCB-391; (f) external view of left valve, (g) 

external view of right valve. Scale bar = 1 cm. 

 

5. Microfacies and paleoenvironmental 

interpretation 
 

    The microfacies analysis of the fossil-bearing limestones 

of Sudr Formation allowed the identification of four 

microfacies types; bioclastic rudstone, sandy bioclastic 

grainstone, bioclastic packstone, and bioclastic wackestone. 

The recognized microfacies types are described based on 

their components, supported with photomicrographs, 

compared with the Standard Microfacies Types (SMF) of 

Flügel (2004) and the Facies Zones (FZ) of Wilson (1975), 

and interpreted with respect to their depositional 

environments (Figs.6-8). 

 

5.1. Bioclastic rudstone (MFT-1)  
 

    Description: It contains a diverse faunal content in a 

groundmass of sparry calcite cement with few fine, 

subangular quartz grains and euhedral, zoned dolomite 

crystals (Fig.6a). The faunal content is represented by many 

chondrodontid bivalve shells, with well-preserved foliated 

wall structure (Fig.6b). Many algal plates and echinoid 

fragments are also recorded in this microfacies (Fig.6a). 

    Occurrence: This microfacies is recorded from the upper 

part of Sudr Formation. 

    Interpretation: The high abundance of faunal assemblages 

in this microfacies (e.g. bivalves, echinoids, and green algae) 

indicates open-marine settings, with well-oxygenation and 

normal salinity conditions. The sparitic cement suggests high 

water energy. Therefore, this microfacies reflects a 

deposition in a high-energy, open-marine, shallow subtidal 

shoal environment (Fig.8). This microfacies is correlated 

with SMF-12 of Flügel [116] and Facies Zone (FZ-6), 

Platform margin shoal, of Wilson [117]. 

 

5.2. Sandy bioclastic grainstone (MFT-2) 
 

    Description: This microfacies includes highly diversified 

biota in a groundmass of sparite, with moderately-sorted, fine 

to medium, subangular to angular quartz grains, ooids, few 

glauconite grains, and ferruginous material. Bivalve oyster 

shells, gastropod shells, brachiopod spines, echinoid 

fragments, crinoid columnals, and halimedacean algal plates 

are the main skeletal components (Figs.6c, d). 

    Occurrence: It is recorded from the middle and upper parts 

of Sudr Formation. 

    Interpretation: The faunal content of this microfacies 

indicates open circulation conditions. The sparitic cement as 

well as the presence of ooids suggest high-energy conditions. 
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It can be concluded that this microfacies is reflective of a 

high-energy, shallow subtidal shoal environment, with open 

circulation conditions (Fig.8). This microfacies is correlated 

with SMF-11 of Flügel [116] and Facies Zone (FZ-6), 

Platform margin shoal, of Wilson [117]. 

 

Fig.6. (a, b) Bioclastic rudstone (MFT-1), with echinoids 

(Ec), algal plates (Ag), and bivalve shells (Bv). (c, d) Sandy 

bioclastic grainstone (MFT-2), with algal plates, echinoids, 

and bivalve shells.  

 

5.3. Bioclastic packstone (MFT-3)  
 

    Description: This microfacies encompasses highly 

diversified faunal content in a ground mass of 

microcrystalline calcite cement, with ferruginous patches. 

The faunal content includes bivalve shell fragments, 

gastropod shells with characteristic baby-bottom structure, 

brachiopod shells, planktonic foraminiferal tests, ostracod 

shells, echinoid plates and spines, halimedacean and 

dasycladacean algal plates (Fig.7a-c).  

    Occurrence: It is recorded from various intervals within 

Sudr Formation. 

    Interpretation: The high diversity of the faunal 

components of this microfacies suggests open-marine 

settings, with well-oxygenated and normal salinity 

conditions. The micritic cement suggests a low-energy 

environment. The planktonic foraminifera imply deep 

subtidal settings. Therefore, a deposition in a low-energy, 

open-marine, deep subtidal environment is proposed (Fig.8). 

This microfacies is correlated with SMF-12 of Flügel [116] 

and Facies Zone (FZ-4), Slope, of Wilson [117]. 

 

5.4. Bioclastic wackestone (MFT-4) 
 

    Description: The groundmass of this microfacies consists 

mainly of microcrystalline calcite cement, with fine to 

medium, sand-sized, subangular to angular quartz grains. The 

skeletal components are represented by bivalve shell 

fragments and planktonic foraminiferal tests (Fig.7d). 

    Occurrence: It is recorded from the upper part of Sudr 

Formation. 

    Interpretation: The recorded skeletal components reflect 

open circulation conditions, and the micritic cement indicates 

low water energy. The planktonic foraminifera suggest deep 

subtidal settings. Therefore, a low-energy, open-marine, deep 

subtidal environment is proposed (Fig.8). It is correlated with 

SMF-12 of Flügel [116] and Facies Zone (FZ-4), Slope, of 

Wilson [117]. 

 

Fig.7. (a-c) Bioclastic packstone (MFT-3), with gastropods 

(Gs), echinoids, crinoids (Cr), and planktonic foraminifera 

(Pf). (d) Bioclastic wackestone (MFT-4), with bivalves (Bv) 

and planktonic foraminifera (Pf). 

 

 

Fig.8. Depositional model for the upper Campanian-

Maastrichtian successions in the study area. 

 

6. Paleobiogeography of bivalves 
 

    The recorded fauna from the upper Campanian-

Maastrichtian successions at the Northern and Southern 

Galala plateaus is dominated by bivalve taxa. Therefore, the 

paleobiogeography of bivalves is discussed in order to 

highlight their distribution inside and outside Egypt. Among 

the identified upper Campanian-Maastrichtian bivalves, two 

species are endemic to Egypt; Nucula chargensis Quaas and 

Meretrix rohlfsi (Quaas) [75, 118]. 

The other bivalve species, e.g. Exogyra overwegi (von Buch), 

Gryphaeostrea canaliculata (Sowerby), Venilicardia 

truncata (Sowerby), Calva (Egelicalva) buttensis 

(Anderson), Lyriochlamys dentata (Nilsson), Pterotrigonia 
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(Scabrotrigonia) scabra (Lamarck), and Cucullaea 

(Idonearca) maresi (Coquand), show wide distribution in 

North Africa (seven species), East and West Africa (three 

species), Middle East (two species), Asia (four species), 

Europe (five species), South America (one species), and 

North America (one species) (Figs.9, 10; Table.1). 

Pterotrigonia (Scabrotrigonia) scabra is the most widely 

distributed species, being recorded from Italy, France, United 

Kingdom, Portugal, Bulgaria, Germany, Austria, India, 

Kazakhstan, Madagascar, Tunisia, Libya, and Egypt [72, 84, 

105, 106, 119-125]. A more or less similar distribution 

characterizes Exogyra overwegi that has been reported from 

Afghanistan, Turkey, Oman, Algeria, Tunisia, Libya, 

Morocco, and Egypt [73, 75, 126-128] (Fig.9). 

Gryphaeostrea canaliculata has been recorded from Poland, 

United Kingdom, France, Denmark, Bulgaria, Jordan, 

Madagascar, Angola, Mozambique, and Libya [126, 127, 

129, 130], while Cucullaea (Idonearca) maresi has been 

reported from Peru, Congo, Libya, and Egypt [57, 114, 115, 

131, 132] (Fig.10). The presence of Gryphaeostrea 

canaliculata, Cucullaea (Idonearca) maresi, and 

Pterotrigonia (Scabrotrigonia) scabra in North, East, and 

West Africa reflects a possible marine connection during the 

Maastrichtian through the Trans-Saharan epicontinental Sea-

way. The occurrence of Cucullaea (Idonearca) maresi in 

South America (Peru) suggests a westward migration from 

Western Tethys to South Atlantic. 

Venilicardia truncata has been documented from the United 

Kingdom, Russia, and India [86]. Lyriochlamys dentata, on 

the other hand, has been recorded from Sweden, Germany, 

and France [45, 96, 133]. Calva (Egelicalva) buttensis has 

been reported from India and USA [86]. The distribution of 

bivalves during the Campanian and Maastrichtian times 

shows a strong affinity of the recorded fauna to the South 

Tethyan Province and a moderate affinity to the North 

Tethyan Province (Figs.9, 10). 

 

 

Fig.9. (a, b) Late Campanian-Maastrichtian paleogeographic map, showing the distribution of the recorded bivalve species. 

The base map is modified after Blakey [135]. (1. Egypt; 2. Libya; 3. Tunisia; 4. Algeria; 5. Morocco; 6. Mozambique; 7. 

Angola; 8. Congo; 9. Madagascar; 10. Oman; 11. Jordan; 12. India; 13. Afghanistan; 14. Kazakhstan; 15. Turkey; 16. Poland; 
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17. United Kingdom; 18. France; 19. Denmark; 20. Bulgaria; 21. Russia; 22. Sweden; 23. Germany; 24. Italy; 25. Portugal; 

26. Austria; 27. Peru; 28. USA). 

 

 

Fig.10. Distribution of the recorded upper Campanian-Maastrichtian bivalve species (based on number of species) in North 

Africa, East and West Africa, Middle East, Asia, Europe, South America and North America. 

 

Table.1. The paleobiogeographical distribution of the studied bivalves in and outside Egypt. (+) recorded. (1. Egypt; 2. Libya; 

3. Tunisia; 4. Algeria; 5. Morocco; 6. Mozambique; 7. Angola; 8. Congo; 9. Madagascar; 10. Oman; 11. Jordan; 12. India; 

13. Afghanistan; 14. Kazakhstan; 15. Turkey; 16. Poland; 17. United Kingdom; 18. France; 19. Denmark; 20. Bulgaria; 21. 

Russia; 22. Sweden; 23. Germany; 24. Italy; 25. Portugal; 26. Austria; 27. Peru; 28. USA). 

 

Taxa 
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a 
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Pterotri

gonia 

(S.) 

scabra 
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+                            
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Cuculla

ea (I.) 

maresi 

+       +                   +  

 

Conclusions 
Sudr Formation represents the upper Campanian-

Maastrichtian outcrops at Northern and Southern Galala 

Plateaus, north Eastern Desert, Egypt, deposited due to a 

great sea-level rise. It is made up of fossiliferous limestones, 

marly and cavernous limestones, followed by snow-white 

chalky limestones. The taxonomic study of the faunal content 

of Sudr Formation allowed the identification of four 

gastropod species, belonging to three genera of the families 

Tylostomatidae, Cerithiidae, and Potamididae, and twelve 

bivalve species, belonging to twelve genera of the families 

Gryphaeidae, Lucinidae, Arcticidae, Veneridae, Pectinidae, 

Plicatulidae, Trigoniidae, Nuculidae, and Cucullaeidae. 

Among the identified taxa, the gastropods Cerithium buddha 

Noetling and Potamides temalacaensis Perrilliat et al., and 

the bivalves Gryphaeostrea canaliculata (Sowerby), 

Venilicardia truncata (Sowerby), Calva (Egelicalva) 

buttensis (Anderson), and Lyriochlamys dentata (Nilsson) 

are recorded for the first time from Egypt.  The carbonates of 

Sudr Formation are distinguished into grainstone, rudstone, 

packstone, and wackestone. The most common bioclasts 

include bivalves, echinoids, planktonic foraminifers and 

dasycladacean algae. Microfacies analysis of the studied 

carbonates reflected a deposition in open-marine, high-

energy shallow subtidal shoal to low-energy deep subtidal 

environments. The paleobiogeographic analysis of the 

recorded bivalves revealed two endemic species to Egypt; 

Nucula chargensis Quaas and Meretrix rohlfsi (Quaas), while 

the other species show wide distribution in North Africa, East 

and West Africa, Middle East, Asia, Europe, South America, 

and North America. Such distribution reflected a strong 

southern Tethyan affinity and a moderate northern Tethyan 

affinity. 

. 
 

References 

[1] Scotese CR. 2014. Atlas of Late Cretaceous Maps, 

PALEOMAP Atlas for ArcGIS, volume 2, The Cretaceous, 

Maps 16-22, Mollweide Projection, PALEOMAP Project, 

Evanston, IL. 

[2] Abdelhady AA, Seuss B, Fürsich FT, Ali A, Abdel-

Raheem KH, Mohamed RS. 2020. Paleoenvironmental 

significance of the monospecific biostromes in the 

Campanian-Maastrichtian Duwi Formation (Eastern Desert, 

Egypt). Sedimentary Geology, 408, 105772. 

[3] Hewaidy AGA, Farouk S, Mandur MM, El Agroudy IS. 

2019a. Planktonic foraminiferal and paleoenvironments of 

the upper Campanian-Maastrichtian succession in Wadi 

Qena, Egypt. Egyptian Journal of Petroleum, 28(1), 47-59. 

[4] Ghorab MA. 1961. Abnormal stratigraphic features in 

Ras Gharib oilfield. In: Proc. 3rd Arabian Petroleum 

Congress 2. pp. 1-10. 

[5] Awad GH, Abdallah AM. 1966. Upper Cretaceous in 

Southern Galala, Eastern Desert with emphasis on 

Neighbouring areas. Journal Geological Soceity of Egypt, 10, 

125-144. 

[6] Kuss J. 1986. Facies development of Upper Cretaceous-

Lower Tertiary sediments from the Monastery of St. 

Anthony, Eastern Desert, Egypt. Facies, 15(1): 177-193. 

[7] Bandel K, Kuss J. 1987. Depositional environment of the 

pre-rift sediments: Galala Heights (Gulf of Suez, Egypt). 

Berl. Geowiss. Abh. 78: 1-48. 

[8] Lüning S, Marzouk AM, Kuss J. 1998. The Paleocene of 

central east Sinai, Egypt. "Sequence stratigraphy” in 

monotoneus hemipelgites. Jour. Foram. Res., 28(1): 19-39. 

[9] Mansour HH, El-Younsy ARM, Ahmed EA, Tobschall 

HJ, Shaheen MAM. 2001. Facies and sedimentological 

evolution of the pre-rift Cretaceous-lower Tertiary sequence 

southeast Southern Galala, Gulf of Suez, Egypt. In: 2nd Int. 

Conf. on the geology of Africa. Assiut, Egypt, vol. 1, pp 421-

447. 

[10] Scheibner C, Marzouk AM, Kuss J. 2001a. 

Maastrichtian-Early Eocene lithobiostratigraphy and 

palaeogeography of the northern Gulf of Suez region, Egypt. 

J. Afr. Earth Sci., 32: 223-255. 

[11] Scheibner C, Marzouk AM, Kuss J. 2001b. Shelf 

architectures of an isolated Late Cretaceous carbonate 

platform margin, Galala Mountains (Eastern Desert, Egypt). 

Sedimentary Geology, 145(1-2): 23-43. 

[12] Scheibner C, Reijmer JJG, Marzouk AM, Speijer RP, 

Kuss J. 2003. From platform to basin: the evolution of a 

Paleocene carbonate margin (Eastern Desert, Egypt). Int. J. 

Earth Sci., 92: 624-640. 

[13] Ismail AA, Hussein-Kamel Y, Boukhary M, Ghandour 

AA. 2007. Campanian-Early Eocene Stratigraphy of the 

Southern Galala Plateau, Eastern Desert, Egypt. Geologia 

Croatica, 60(2): 115-137. 

[14] El-Ayaat AM, Obaidalla NA. 2013. Stratigraphy, 

sedimentology and tectonic evolution of the Upper 

Cretaceous/Paleogene succession in north Eastern Desert, 

Egypt, J. Afr. Earth Sci., 35-59. 

[15] Farouk S. 2015. Upper Cretaceous sequence 

stratigraphy of the Galala Plateaux, western side of the Gulf 

of Suez, Egypt. Mar. Pet. Geol., 60: 136-158. 

[16] Youssef M, Hefny M. 2015. Sequence stratigraphy and 

depositional environments of Late Cretaceous-Early 

Palaeogene succession, North Eastern Desert, Egypt. Swiss 

Journal of Geosciences, 108(2), 345-359. 

[17] Youssef M, Hefny M, El-Sorogy A. 2016. Microfacies 

analysis and cyclostratigraphy of the upper Cretaceous- 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

125 
 

lower Paleogene succession of Bir Dakhl Section, North 

Eastern Desert, Egypt. J. Geol. Soc. India, 87: 610-622. 

[18] Obaidalla NA, Mahfouz KH, Soliman MF, Moghawry 

A. 2018. Stratigraphical studies on the Matulla/Sudr 

formational boundary, western Sinai, Egypt. Assiut 

University Journal of Geology, 47(2), 23-40. 

[19] Salman AM. 2021. Diagenetic characteristics and 

sequence stratigraphy on carbonate deposits: a case study 

from Wadi El Dakhl, West Gulf of Suez, Egypt. Arab. J. 

Geosci., 14(1133): 1-9. 

[20] Abdallah AM, El-Dawoody AS, Aboul Karamat MS. 

1984. Stratigraphy and paleontology of the Late Cretaceous 

to Early Eocene succession in Esh El-Mellaha range, Eastern 

Desert, Egypt. Geol. Soc. Egypt., 22nd annual Meet. Abstr. p. 

15-16. 

[21] Aref M, Philobbos ER, Ramadan M. 1988. Upper 

Cretaceous-Lower Tertiary planktonic biostratigraphy along 

the Egyptian Red Sea region and its tectonic implication, 

Bull. Fac. Sci., Assuit Univ., 17 (2-F), pp.171-201. 

[22] Cherif OH, Ismail AA. 1991. Late Senonian-Tertiary 

planktonic foraminiferal biostratigraphy and tectonism of the 

Esh El-Mallha and Gharamul areas, Egypt. M.E.R.C. Ain 

Shams Univ. Earth Sci., Ser., 5, p. 146-159. 

[23] Speijer R, Van der Zwaan G. 1996. Extinction and 

survivorship of southern Tethyan benthic foraminifera across 

the Cretaceous/Palaeogene boundary, Geol. Soc. Lon. 102 

(1), 343-371. 

[24] Ismail AA. 2012. Late Cretaceous-Early Eocene benthic 

foraminifera from Esh El Mallaha area, Egypt. Rev Paléobiol 

Genéve 31(1): 15-50. 

[25] Hassan HF, Abouelresh MO. 2016. Characterization of 

the Campanian-Maastrichtian Sudr Chalk, Gabal El Bruk, 

North Sinai, Egypt. Journal of Petroleum and Mining 

Engineering, 18(1), 27-38. 

[26] Hewaidy AGA, Farouk S, El-Balkiemy A. 2017. 

Planktonic foraminiferal biostratigraphy of the Campanian-

Maastrichtian Sudr Formation at Esh El-Mellaha Area, North 

Eastern Desert, Egypt. J. Am. Sci., 13, 41-69. 

[27] Mahfouz K, Hewaidy A, Mostafa A, El-Sheikh I. 2018. 

Resolution enhancement of foraminiferal biostratigraphy of 

the Campanian- Maastrichtian interval: a case study from the 

Eastern Desert, Egypt. J. Afr. Earth Sci., 145: 215-226. 

[28] Salman AM, Mahfouz KH, El-Sheikh I, Metwally AA. 

2021. Facies analysis, cyclicity and biostratigraphy of the 

Upper Cretaceous Sudr Formation, Wadi El Dakhl, West 

Gulf of Suez, Egypt: implications for sea-level changes and 

tectonics. Carbonates and Evaporites, 36(4), 1-15. 

[29] Khalil H, Zahran E. 2014. Calcareous Nannofossil 

Biostratigraphy and Stage Boundaries of the Santonian-

Eocene Successions in Wadi El Mizeira Northeastern Sinai, 

Egypt. International Journal of Geosciences, 5(4), 432-449. 

[30] Mandur MM, El-Ashwah AA. 2015. Calcareous 

nannofossil biostratigraphy and paleoecology of the 

Maastrichtian in the western coast of the Gulf of Suez, Egypt. 

Arabian Journal of Geosciences, 8(5), 2537-2550. 

[31] Hewaidy AGA, Mandur MM, Farouk S, El Agroudy IS. 

2019b. Upper Campanian-Maastrichtian calcareous 

nannoplankton biostratigraphy and paleoecology in Wadi 

Qena, Eastern Desert, Egypt. Arabian Journal of 

Geosciences, 12(11), 1-22. 

[32] Philip J, Floquet M. 2000. Late Cenomanian (94.7-93.5). 

In: J. Dercourt, M., Gaetani, B., Vrielynck, E., Barrier, B., 

Biju-Duval, M. F., Brunet, J. P., Cadet, S., Crasquin, M., and 

Sandulescu (Eds.), Atlas peri-tethys palaeogeographical 

maps. CCGM/ CGMW, pp. 129-136. 

[33] Stampfli GM, Borel GD. 2002. A plate tectonic model 

for the Paleozoic and Mesozoic constrained by dynamic plate 

boundaries and restored synthetic oceanic isochrones. Earth 

and Planetary Science Letters 196, 17-33. 

[34] Abd-Elhameed S, Salama Y, Mahmoud A. 2023. 

Changes in macrofaunal groups before, during and after the 

Cenomanian–Turonian biotic crisis in north Eastern Desert, 

Egypt. Palaeobiodiversity and Palaeoenvironments, pp. 1-16. 

[35] El-Sheikh HA, El Beshtawy MK, El-Qot GM, Shaker F. 

2010. High resolution biostratigraphy of the upper 

cretaceous-lower tertiary sequence of saint Paul and Sudr El-

Heitan on both sides the Gulf of Suez, Egypt. Egyptian 

Journal of Paleontology 10, 179-225. 

[36] Dunham RJ. 1962. Classification of carbonate rocks 

according to depositional texture. In: Ham, WE. (Ed.), 

Classification of Carbonate Rocks. American Association of 

Petroleum Geologists Memoir, pp. 1108-1121. 

[37] Embry AF, Klovan JE. 1972. Absolute water depth 

limits of Late Devonian paleoecological zones. Geol. Rund. 

61, 672-686. 

[38] Scholle PA. 2003. A Color Guide to the Petrography of 

Carbonate Rocks: Grains, textures, porosity, diagenesis. 

American Association of Petroleum Geologists Memoir 77, 

470 pp. 

[39] Wenz W. 1938. Gastropod. In: Schindewolf, O. H. (ed.) 

Handbuch der Paläozoologie, Band 6, Teil I: Allgemeiner 

Teil und Prosobranchia, 505 p., Berlin (Gebr, Borntraeger). 

[40] Perrilliat MDC, Vega FJ, Corona R. 2000. Early 

Maastrichtian mollusca from the Mexcala Formation of the 

State of Guerrero, southern Mexico. Journal of Paleontology, 

74(1), 7-24. 

[41] Bouchet P, Rocroi JP. 2005. Classification nomenclator 

of gastropod families. Malacologia, 47: 1-397 

[42] Moore RC. (Ed.) 1969. Treatise on Invertebrate 

Paleontology, pt. N, Mollusca 6, Bivalvia, vol. 1-3. 

Geological Society of America and University Press of 

Kansas, 1224 pp. 

[43] Amler M, Fischer R, Rogalla NS. 2000. Muscheln. 

Akademischer Verlag, Stuttgart, 214 pp. 

[44] Bieler R, Carter JG, Coan EV. 2010. Classification of 

Bivalve Families. In: bouchet, P., Rocroi, J.P. (Eds.), 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

126 
 

Nomenclator of Bivalve Families. Malacologia. 52(2):113-

133. 

[45] Sørensen AM, Surlyk F, Jagt JW. 2012. Adaptive 

morphologies and guild structure in a high-diversity bivalve 

fauna from an early Campanian rocky shore, Ivö Klack 

(Sweden). Cretaceous Research, 33(1), 21-41. 

[46] Cox LR. 1960. General characteristics of gastropods. In: 

Moore, R. C. (ed.). Treatise on Invertebrate Paleontology, 

Part I (Mollusca i). Geological Society of America. Boulder, 

and Kansas University Press. Lawrence, 1249‐ 1251. 

[47] Cuvier G. 1795. Second Mémoire sur l'organisation et 

les rapports des animaux à sang blanc, dans lequel on traite 

de la structure des Mollusques et de leur division en ordre, lu 

à la société d'Histoire Naturelle de Paris, le 11 prairial an 

troisième. Magazin Encyclopédique, ou Journal des 

Sciences, des Lettres et des Arts, 2: 433-449. 

[48] Milne Edwards H. 1848. Note sur quelques nouvelles 

espèces du genre Pagure. Annales des sciences naturelles, 

comprenant la zoologie, la botanique, l’anatomie et la 

physiologie comparées des deux règnes, et l’histoire des 

corps organisés fossiles, Sérié 3 (Zoologie), 10, 59-64. 

[49] Stoliczka F. 1868. Cretaceous fauna of southern India. 

Palaeontologia Indica, being figures and descriptions of the 

organic remains procured during the progress of the 

Geological Survey of India. Volume 2, The Gastropoda. parts 

7-10, pp. 285-498. 

[50] Sharpe D. 1849. On Tylostoma, a proposed genus of 

gasteropodous mollusks. Quarterly Journal of the Geological 

Society, London 5, 376-380. 

[51] Péron A, Fourtau R. 1904. Études de la faune Crétacique 

d’Egypte. In: Fourtau, R. (Ed.), Bulletin de l’Institut 

Egyptien 4 (Série 4): 231–349. 

[52] Fawzi MA. 1963. La faune Cenomanienne d`Egypte. 

Geol. Surv., Egypt, Monogr., 2(133), p., 8. 

[53] Mekawy MS. 2007b. Gastropods of the Cenomanian-

Santonian sequence from north Eastern Desert, Egypt. 

Egyptian Journal of Geology, 51, 149-176. 

[54] Kassab W, Abdelhady AA. 2021. The biodiversity and 

benthic community structure in the Cenomanian-Turonian 

Galala Formation, Northern Galala Plateau, Eastern Desert, 

Egypt. Arabian Journal of Geosciences, 14(20), 1-16. 

[55] Metwally MH. 1993. Cretaceous gastropods from the 

Northwestern flank of the Oman Mountains, United Arab 

Emirates. Bull. Fac. Sci. Zagazig Univ. 15, 333-359. 

[56] Albanesi C, Busson G. 1974. Gastéropodes du Crétacé 

Supérieur de l’extrème-sud tunisien et de la région du 

Tinrhert (Sahara Algérien). Riv. Ital. Paleontol. Stratigr. 80, 

251-342. 

[57] El-Qot GM. 2006. Late Cretaceous macrofossils from 

Sinai, Egypt. Beringeria 36: 3-163. 

[58] Al-Dulaimy SI. 2020. Gastropods of Aptian-

Cenomanian of Qamchuqa Formation from Northern Iraq. 

Iraqi Journal of Science, 3308-3317. 

[59] Gameil M, El-Sorogy AS. 2015. Gastropods from the 

Campanian-Maastrichtian Aruma Formation, Central Saudi 

Arabia. Journal of African Earth Sciences, 103, 128-139. 

[60] Pervinquière L. 1912. Etudes de Paléontologie 

Tunisienne, Pt. 2, Gastropodes et lamellibranches des 

Terrains Crétacés. Direction Générale des Travaux Publics, 

Carte Géologique de la Tunisie, 352 p. Paris. J. Lammare et 

Cie. (eds.). 

[61] Fleming J. 1822. Philosophy of zoology; or a general 

view of the structure, functions, and classifications of 

animals, vol. 2, 1-618. 

[62] Bruguière JG. 1789. Encyclopédie méthodique ou par 

ordre de matières. Histoire naturelle des vers, volume 1. 

Paris: Pancoucke. pp. 1-344. 

[63] Noetling F. 1897. Fauna of Baluchistan: The fauna of 

the Upper Cretaceous (Maastrichtian) beds of the Mari. 

Palaeontol. Indica Ser. 16 (3), 1-79. 

[64] Adams H, Adams A. 1854. The genera of recent 

Mollusca arranged according to their organization. 1: 1-256 

and 257-484, 2: 1-661. 

[65] Brongniart M. 1810. Sur des terrains qui paroissent avoir 

été formé ssous l’eau douce. Annales du Museum d’Histoire 

Naturelle Paris15: 357-405. 

[66] Linnaeus C. 1758. (10th ed.), Systema Naturae, Holmiae 

(Salvius), 1: 824. 

[67] Férussac AE. 1822. Tableaux systematiques des 

animaux mollusques: Paris, A. Bertrand; London, J.B. 

Sowerby, 111 p. 

[68] Vyalov OS. 1936. Sur la classification des huîtres. 

Comptes Rendus (Doklady) del’Académie des Sciences de 

l’URSS, Nouvelle série 4(13) 1 (105), 17-20. 

[69] Say T. 1820. Observations on some species of 

zoophytes, shells, etc. principallyfossil. American Journal of 

Science, serie 1 2, 34-45. 

[70] von Buch L. 1852. Monatsberichte über die 

Verhandlungen der Gesellschaft für Erdkunde zu Berlin IX, 

54, t.1. 

[71] Coquand H. 1862. Géologie et paléontologie de la region 

sud de la Province de Constantine: Mémoires de la Société 

d’Emulation de Provence, 2, 1-343. 

[72] Abbass HL. 1962. A monograph on the Egyptian 

Cretaceous pelecypods. Geol Surv Miner Res Dept. 1:1-224. 

[73] Quarto di Palo AB. 1970. Upper Cretaceous molluscs 

and brachiopods from Badakhshan. Fossils of north-east 

Afghanistan, pp. 77-118. 

[74] Kassab A, Zakhera M. 1995. Maastrichtian and 

Paleocene bivalves from Western Desert, Egypt. Neues 

Jahrbuch Fur Geologie Und Palaontologie-Abhandlungen. 

196(3):327-346. 

[75] Hewaidy AGA, El Qot GM, Moneer ESM. 2019c. 

Campanian-Early Eocene marine bivalves from the Kharga 

Oasis, Western Desert, Egypt; systematic paleontology and 

paleobiogeography. Historical Biology, 33(8), 1317-1347. 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

127 
 

[76] Stenzel HB. 1971. Oysters. In: MOORE, R. C. (ed.), 

Treatise on Invertebrate Paleontology, Part N, Mollusca 6(3), 

Bivalvia: N953-N1224, Boulder (Geological Society of 

America), and Lawrence (University of Kansas Press). 

[77] Conrad TA. 1865. Description of new Eocene shells 

from Enterprise, Mississippi. American Journal of 

Conchology, 1: 137-141. 

[78] Sowerby JC. 1812-1822. The mineral Conchology of 

Great Britain or colored figures and descriptions of those 

remains of testaceous animals or shells which have been 

preserved at various times and depths in the earth, 1-558, 

London. 

[79] Cleevely RJ, Morris NJ. 1987. Fossils of the Chalk. 5. 

Introduction to Mollusca and bivalves. Palaeontological 

Association, Field Guide to Fossils 2: 73-130. 

[80] Malchus N, Dhondt AV, Tröger KA. 1994. Upper 

Cretaceous bivalves from the glauconie de Lonzée near 

Gembloux (SE Belgium). Bulletin Institut Royal Sciences 

Naturelles Belgique. 64: 109-149. 

[81] Gray JE. 1854. A revision of the genera of some of the 

families of Conchifera or bivalve shells. Published in parts. 

The Annals and Magazine of Natural History, series 2 13 

(77), 408-418. 

[82] Newton RB. 1891. Systematic List of the Frederick E. 

Edwards Collection of British Oligocene and Eocene 

Mollusca in the British Museum (Natural History) with 

References to the Type Specimens from Similar Horizons 

Contained in Other Collections Belonging to the Geological 

Department of the Museum. Longmans and Co. London, 365 

p. 

[83] Schumacher CF. 1817. Essai d’un nouveau système des 

habitations des vers testac. Schulz, Copenhague, 287 p. 

[84] Stoliczka F. 1870-1871. Cretaceous fauna of southern 

India; III. The Pelecypoda, with a review of all known genera 

of this class, fossil and Recent: Palaeontologia Indica, 

Memoirs of the Geological Survey of India, series 6, 3, 537 

p. 

[85] Sowerby JC. 1823-1847. The mineral Conchology of 

Great Britain or colored figures and descriptions of those 

remains of testaceous animals or shells which have been 

preserved at various times and depths in the earth, 7 volumes, 

1-803. 

[86] Jaitly AK, Mishra SK. 2009. Campanian-Maastricthian 

(Late Cretaceous) veneroids (Bivalvia: Heterodonta) from 

the Ariyalur Group, South India. Palaeoworld, 18(4), 251-

262. 

[87] Rafinesque CS. 1815. Analyse de la Nature ou Tableau 

de l’Université et des CorpsOrganisés, etc. Jean 

Barravecchia. Palermo, 223 p. 

[88] Popenoe WP. 1937. Upper Cretaceous Mollusca from 

Southern California. Journal of Palaeontology 11 (5), 379-

402. 

[89] Saul LR, Popoeno WP. 1992. Pacific Slope Cretaceous 

Bivalves of the Genus Calva. Los Angeles County Museum 

of Natural History, Contribution in Science, 68 pp. 

[90] Anderson FM. 1958. Lower Cretaceous of the Pacific 

Coast. Geological Society of America, Memoir 71, 1-378. 

[91] Lamarck JB. 1799. Prodrome d’une nouvelle 

classification des coquilles; Comprenant une rédaction 

appropriée des caractères génériques, et l’établissementd’un 

grand nombre de genres nouveaux. Mémoire de la Société 

d’HistoireNaturelle de Paris 1, 63-91. 

[92] Quaas A. 1902. Die Fauna der Overwegischichten und 

der Blätterthone in der libyschen Wüste. In: Wanner J., 

Quaas A. and Dacqué E., Die Faunen der oberen 

Kreidebildungen in der libyschen Wüste. Palaeontographica, 

30, II. Theil [Dritte Folge, 6], 153-336. 

[93] Wilkes J. 1810. Conchology. In: Encyclopaedia 

Londinensis; or, Universal Dictionary of Arts, Sciences, and 

Literature. London: J. Adlard pp. 14-41. 

[94] Sobetski VA. 1977. Bivalve Molluscs from the Late 

Cretaceous Platform Seas. Trudy Paleont. Inst. Akad. nauk 

SSSR, 159: 253 pp., 18 pls., 14 textfigs. Moscow (in 

Russian). 

[95] Nilsson S. 1827. Petrificata suecana formationis 

cretaceae, descripta et iconibus illustrata. Pars prior, 

Vertebrata et Mollusca sistens. Berling, Londini 

Gothorumviii, pp. 39. 

[96] Dhondt AV. 1973. Systematic revision of the 

Chlamydinae (Pectinidae, Bivalvia, Mollusca) of the 

European Cretaceous. Part 3: Chlamys and Mimachlamys, 

Science de la Terra 49. 

[97] Lamarck JB. 1801. Système des animaux sans vertèbres. 

Deterville, Paris, 432 p. 

[98] Dall WH. 1889. On the hinge of pelecypods and its 

development, with an attempt toward a better subdivision of 

the group. American Journal of Science and Arts, series 3 38 

(228), 445-462. 

[99] Lamarck JB. 1819. Histoire naturelle des animaux sans 

vertèbres. Suite desconchifères. Chez l’Auteur, Paris, 258 p.  

[100] Van Hoepen ECN. 1929. Die Krytfauna van 

Soeloeland. I. Trigoniidae. Paleontologiese Navorsing van 

die Nasionale Museum 1, 1-38. 

[101] Dietrich WO. 1933. Das Muster der Gattung Trigonia 

(Moll, Lam.). Sitzungsberichteder Gesellschaft 

naturforschender Freunde zu Berlin, 326-332. 

[102] Zittel KA. 1865. Die Bivalven der Gosaugebilde in den 

nordöstlichen Alpen. Denkschriften der Akademie der 

Wissens chaften Wien, Mathematisch- Naturwissens 

chaftliche Klasse 1: Dimyaria, 24(1): 105-177. 

[103] Douvillé MH. 1916. Les terrains secondaires dans le 

massif du Moghara, à l’est del’isthme de Sues, d’après les 

explorations de M. Couyat-Barthoux. Mémoires 

del’Académie des Sciences de l’Institut de France 55, 1-184. 

[104] Cox LR. 1969. Morphological terms applied to bivalve 

shells and soft parts affecting shell. In: Moore RC, editor. 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

128 
 

Treatise on Invertebrate Paleontology, Part N (Mollusca 6, 

Bivalvia): N1-N489. Boulder: (Geological Society of 

America), and Lawrence (University of Kansas Press); p. N1-

N489. 

[105] Kora M, Hamama H, Sallam H. 2002. Senonian 

macrofauna from west-central Sinai: biostratigraphy and 

paleobiogeography. Egyptian Journal of Paleontology, 2: 

235-258. 

[106] El-Hedeny M. 2006. Pterotrigonia (Scabrotrigonia) 

scabra (LAMARCK, 1819), a polymorphic bivalve from the 

Upper Cretaceous (Coniacian-Santonian) of Egypt. Revue de 

Paléobiologie, 25(2), 709-722. 

[107] Gray JE. 1824. Shells, A supplement to the appendix 

of Captain Parry’s Voyage for the discovery of the Northwest 

Passage, in the years 1819-20: London, J. Murray, Appendix 

10, Zoology, p. 240-246. 

[108] Fourtau R. 1917. Catalogue des Invertébrés fossiles de 

l’Égypte représentés dansles collections du Musée de 

Géologie au Caire. Terrains Crétacés. 2ème Partie: 

Mollusques Lamellibranches. Geological Survey of Egypt, 

Palaeontological Series3, 1-108. 

[109] Azab MM, Hewaidy AA, Abdellatif AA. 1991. 

Bivaliva and age of the Esna Shale sensu lato in Central 

Egypt. Sci Bull Minia Univ. 4(1):219-249. 

[110] Stewart RB. 1930. Gabb’s California Cretaceous and 

Tertiary type lamellibranchs. Academy of Natural Sciences 

of Philadelphia Special Publication 3, 1-314. 

[111] Conrad TA. 1862. Descriptions of New Genera, 

Subgenera and Species of Tertiary and Recent Shells. 

Proceedings of the Academy of Natural Sciences of 

Philadelphia, 14, 284-291. 

[112] Coquand H. 1880. Etudes supplementaries sur la 

paléontolgique algerienne faisant suite à la description 

géologique et paléontologique de la region sud de la province 

de Constantine. Bull. Acad. Hippone 15: 451. 

[113] Dacqué E. 1903. Mitteilungen über den Kreide 

Complex von Abu Roasch bei Kairo. Palaeontographica 30: 

337-392. 

[114] Mekawy MS. 2007a. Upper Cretaceous bivalves from 

Galala Plateaux, north Eastern Desert, Egypt: a systematic 

paleontology. Egypt. J. Paleontol. 7:197-243. 

[115] El-Qot GM, Abdulsamad EO, Aly MF. 2013. Upper 

Cretaceous macrofossils from Jardas Al'Abid area, Al Jabal 

Al Akhadar northeast Libya: a systematic paleontology. 

Egypt. Jour. Paleontol., Vol. 13, p. 185-254. 

[116] Flügel E. 2004. Microfacies of Carbonate Rocks. 

Springer-Verlag, Heidelberg, New York, Berlin, 976 pp. 

[117] Wilson JL. 1975. Carbonate Facies in Geologic 

History. Springer-Verlag, Berlin, Heidelberg, New York, 

471 pp. 

[118] Kassab A, Kenawy A, Zakhera M. 1995. 

Biostratigraphy of some Upper Cretaceous/Lower Tertiary 

outcrops from the Egyptian Western Desert. Neues Jahrbuch 

fuer Geologie und Palaeontologie-Abhandlungen 196(3): 

309-326. 

[119] d'Orbigny A. 1843. Paléontologie française: 

description des mollusques et rayonnés fossiles de France. 

Terrains crétacés III, Lamellibranches, 807 p. 

[120] Roman F, Mazeran P. 1920. Monographie 

paléontologique de la faune du Turonien du Bassin dʼUchaux 

et de ses dépendences. Archives du Museum National 

dʼHistoire Naturelle, 12: 138 p. 

[121] Basse E. 1932. Faune Malacologique du Crétacé 

Supérieur du Sud-Ouest de Madagascar. Annales de 

Paléontologie, 21(3-4): 1-80. 

[122] Tzankov V. 1981. Les Fossiles de Bulgarie. V Crétacé 

supérieur, Grands foraminifères, anthozoaires, gastéropodes, 

Bivalvia. Comptes Rendus de lʼAcadémie Bulgare des 

Sciences, 223 p. (In Bulgarian, French summary). 

[123] Fischer JC. 1989. Fossiles de France, 2e édition. 

Masson Paris: 479 p. 

[124] Sartorio D. 1989. Reef and open episodes on a 

carbonate platform margin from Malm to Cenomanian: The 

Cansiglio example (Southern Alps). Memorie della Societa 

geologica italiana, 40: 91-97. 

[125] Dhondt AV, Dieni I. 1993. Non-rudistid bivalves from 

Late Cretaceous rudist limestones of NE Italy (Col dei 

Schiosi and Lago di S. Croce areas). Memorie di Scienze 

Geologishe, 45: 165-241. 

[126] Dhondt AV, Malchus N, Boumaza L, Jaillard E. 1999. 

Cretaceous oysters from North Africa; origin and 

distribution. Bulletin de la Société géologique de France, 

170(1), 67-76. 

[127] Jablonski D, Raup DM, 1999. Unpublished data on 

Cretaceous-Paleocene molluscan assemblages. 

[128] Tantawy AA, Keller G, Adatte T, Stinnesbeck W, 

Kassab A, Schulte P. 2001. Maastrichtian to Paleocene 

depositional environment of the Dakhla Formation, Western 

Desert, Egypt: sedimentology, mineralogy, and integrated 

micro- and macrofossil biostratigraphies. Cretaceous 

Research 22:795-827. 

[129] Choffat P, de Loriol, P. 1888. Matériaux pour l'étude 

stratigraphique et paléontologique de la province d'Angola. 

Mémoires de la Société de Physique et d'Histoire Naturelle 

de Genève 30(2):1-116. 

[130] Alloiteau J. 1958. Monographie des madreporaires 

fossiles de Madagascar [Monograph of fossil corals from 

Madagascar]. Annales Geologiques de Madagascar 25:1-

218. 

[131] Lombard J. 1930. Céphalopodes et lamellibranches 

Crétacés du Congo Français. Bulletin de la Société 

Géologique de France, Quatrième Série 30: 277-321. 

[132] Kummel B. 1948. Geological reconnaissance of the 

Contamana region, Peru. Geological Society America 

Bulletin 59: 1217-1265. 

[133] Merle D, Pacaud JM, Guernet C. 2018. Vertus. Mont 



 Shahin Abd-Elhameed et al. / Advances in Basic and Applied Sciences 2  (2024) 113-129 

 

 

129 
 

Aimé (Marne): Paleontological data: Ostracods and 

Molluscs. In: Montenat (C.) and Merle (D.) Stratotype 

Danien, p. 159-177. 

[134] Abd-Elhameed S, Mahmoud A, Salama Y. 2021. Late 

Moscovian phylloid algal-microbial mounds from Wadi 

Araba, north Eastern Desert, Egypt: a new construction 

model and paleogeographic distribution. International 

Journal of Earth Sciences, 110(8), 3001-3013. 

[135] Blakey RC. 2012. Mollewide plate tectonic maps. 

 


