
Contents

Freface
Acknowledgements
About the author

PART 1 HISTORY OF GEOLOGY AND HYDROCARBON
EXPLORATION IN NORTH AFRICA

1 Introduction

1.1
1.2
1.3
1.4
1.5

PART 2

Egypt
Libya
Algeria
Tunisia
Morocco

TECTONIC FRAMEWORK OF NORTH AFRICA
2 Northeast Africa's Basins

2.1
2.2
2.3
2.4
2.5

2.6
2.7

2.8
2.9
2.10
2.11

Mediterranean Basin
Alboran Sea
Nile Basin
Northern Egypt Basin
Gulf of Suez & Red Sea
2.5.1 Evolution of the Red Sea and the Gulf of Suez
Cyrenaica/Marmarica Platform
Sirte Basin
2.7.1 Evolution of the Sirte Basin
Murzuq Basin
Ghadames Basin
Kufra Basin
Jifarah Basin

XV

xvii
xix

I
3

3
22
34
37
40

45
47

47
49
58
58
61
64
66
68
70
72
74
75
76

3 Tertiary vokanics 77



vi Contents

4 Northwest Africa's Basins

4.1
4.2
4.3

4.4
4.5
4.6
4.7

4.8
4.9
4.10
4.11
4.12
4.13

PART 3

Algerian Basins
Tunisian Basins
Moroccan Basins
4.3.1 Evolution of the Atlas Mountains
Western High Atlas
Argana Basin
Souss Basin
Haouz Basin
4.7.1 Tectonic history of the Meseta Domain
The Atlantic Passive Margin
Moroccan Marginal Basins
Agadir, Tarfaya, and Essaouira Basins
Essaouira-Haha Basin
Guercif Basin
Tafilalt & Maider sub-Basins

PAN-AFmCAN SHIELD & WEST AFRICAN CRATON
5 Precambrian

5.1

5.2

Stratigraphy
5.1.1 Gneisses and migmatites
5.1.2 Metasediments
5.1.3 Old metasediments
5.1.4 Old metavolcanics
5.1.5 Serpentinites
5.1.6 Gabbros
5.1.7 Granitoids
5.1.8 Dokhan volcanics
5.1.9 Younger gabbros
5.1.10 Younger granites
5.1.11 Trachyte plugs (post-Hammamat felsites)
5.1.12 Swarm dikes
5.1.13 Ring dike complexes
Evolution of the Pan-African Shield
5.2.11. Lower Gebel Oweinat cycle
5.2.2 II. Upper Gebel Oweinat cycle

5.2.2.1 Rodinia Supercontinent (1300-1000 Ma)
5.2.3 III. Lower magmatic-arc cycle

5.2.3.1 Platform and ocean basin assemblages
5.2.3.2 Ophiolite assemblages
5.2.3.3 Volcanic-arc assemblages

83

83
86
87
87
91
91
92
92
92
94
95
95
96
96
98

101
103

103
109
113
114
114
115
116
116
117
121
121
123
123
124
126
127
128
129
129
129
131
132



Contents vii

5.2.3.4 Older granitoids, gneisses & migmatization
(987-670 Ma) 133

5.2.4IV. Upper Magmatic-Arc Cycle (650-550 Ma) 134
5.2.4.1 Upper magmatic-arc sequence of the Northern

Eastern Desert 134
5.2.4.2 Hammamat sediments (616-590 Ma) 134
5.2.4.3 Younger granites (615-550 Ma) 135
5.2.4.4 Dokhan volcanics 137
5.2.4.5 Younger gabbros 137
5.2.4.6 Upper magmatic-arc sequence in Southern Sinai 137
5.2.4.7 Upper magmatic-arc sequence of Libya

and South-Central Algeria 139
5.2.5 V. Post-Tectonic Cycle 142

5.2.5.1 Ring dike complexes and Swarm dikes 142
5.2.5.2 Feldspathic and quartzose sandstones 144

5.3 Summary 157

PART 4 P H A N E R O Z O I C GEOLOGY OF N O R T H AFRICA 161
6 Phanerozoic geology of Egypt 163

6.1 Introduction 163
6.2 Paleozoic 165
6.3 Cambrian and Ordovician 165
6.4 Silurian 167
6.5 Devonian 169
6.6 Carboniferous 170

7 Mesozoic [77

7.1 Triassic-Lower Cretaceous 177
7.2 Triassic 177
7.3 Jurassic 179

7.3.1 Jurassic of Sinai 180
7.3.2 Jurassic of the Northern Western Desert

(Northern Egypt Basin) 182
7.4 Upper Jurassic-Lower Cretaceous 185

7.4.1 Upper Jurassic-Lower Cretaceous of the
Southern Western Desert 185

7.4.2 Upper Jurassic-Lower Cretaceous of the
Northern Western Desert 186

7.4.3 Upper Jurassic-Lower Cretaceous of Sinai 188
7.5 Upper Cretaceous 190

7.5.1 Upper Cretaceous of the Northern Western Desert 190



viii Contents

7.5.2 Cenomanian-Santonian 192
7.5.2.1 Upper Cretaceous (Cenomanian-Santonian)

of Sinai and the Gulf of Suez region 196
7.5.2.2 Cenomanian-Santonian of the central

Nile Valley and the Eastern Desert 200
7.5.2.3 Cenomanian-Santonian of Southern Egypt 202

7.5.3 Campanian 204
7.5.3.1 Maastrkhtian chalks 210
7.5.3.2 Maastrichtian-Paleocene shales 213
7.5.3.3 Upper Cretaceous-Tertiary succession

in extreme Southern Egypt 222
7.53 A The nature of the Upper Cretaceous-Early

Tertiary contact (unconformities) 223

8 Tertiary

8.1 Eocene
8.1.1 Lower Eocene (Ypresian)
8.1.2 Middle Eocene
8.1.3 Upper Eocene (Bartonian)

8.2 Oligocene
8.2.1 Miocene of the Northern Western Desert

of Egypt
8.2.2 Miocene in the subsurface of the Nile Delta

and its offshore area
8.2.3 Miocene of the Gulf of Suez and Red Sea region

225

225
227
231
240
242

245

247
249

9 Tertiary-Quaternary 257

9.1 Pliocene-Pleistocene 257
9.1.1 Pliocene-Pleistocene sediments of the Nile Valley 257
9.1.2 Pliocene-Pleistocene in the subsurface and the offshore

of the Nile Delta 259
9.1.3 Pliocene-Pleistocene of the Western Desert

(Northern Egypt Basin) 260
9.1.4 Pliocene-Pleistocene of the Gulf of Suez

and Red Sea region 261
9.1.5 Pliocene-Pleistocene of Sinai 262

10 Quaternary (Pleistocene-Holocene)

I I Phanerozoic geology of Libya

11.1 Introduction

265

277

277



Contents ix

12 Paleozoic 281

12.1 Cambrian and Ordovician 282
12.1.1 Cambrian and Ordovician of West Libya 282
12.1.2 Cambrian and Ordovician of the Sirte Basin 293
12.1.3 Cambrian and Ordovician of the Kufrah Basin 295
12.1.4 Cambrian and Ordovician of Northeast Libya 297

12.2 Silurian 298
12.2.1 Silurian of West Libya 298
12.2.2 Silurian of the Kufrah Basin 301

12.3 Devonian 302
12.3.1 Devonian of West Libya 303
12.3.2 Devonian of the Sirte Basin * 312
12.3.3 Devonian of the Kufrah Basin 312
12.3.4 Devonian of Northeast Libya 315

12.4 Carboniferous 316
12.4.1 Carboniferous of West Libya 316
12.4.2 Carboniferous of the Sirte Basin 320
12.4.3 Carboniferous of Northeast Libya 320
12.4.4 Carboniferous of the Kufrah Basin 321

12.5 Permian 322

13 Mesozoic 325

13.1 Triassic-Early Cretaceous 325
13.2 Triassic 325

13.2.1 Triassic of Northwest Libya 326
13-2.2 Triassic of Northeast Libya & the Sirte Basin 330
13.2.3 Triassic of the Kufrah Basin 331

13.3 Jurassic 331
13.3.1 Jurassic of Northwest Libya 331

13.4 Mesozoic Continental Sediments 335
13.4.1 Nubian Sandstones/'continental intercalcaire 336
13.4.2 Upper Jurassic-Lower Cretaceous (Neocomian)

of the Sirte Basin 340
13.4.3 Upper Jurassic-Lower Cretaceous (Neocomian)

of Northeast Libya 343
13.4.4 Upper Jurassic-Lower Cretaceous (Neocomian)

of the Kufrah Basin 346
13.5 Aptian-AIbian 347
13.6 Upper Cretaceous 349

13.6.1 Upper Cretaceous of Northeast Libya 349
13.6.2 Upper Cretaceous of Northwest Libya 353
13.6.3 Upper Cretaceous of the Sirte Basin 360



x Contents

14 Tertiary 367

14.1 Paleocene 367
14.1.1 Paleocene of offshore Northwest Libya 368
14.1.2 Paleocene of Northwest Libya 368
14.1.3 Paleocene of the Sirte Basin 371
14.1.4 Paleocene of Northeast Libya 374

14.2 Eocene 375
14.2.1 Eocene of Northwest Libya &

the Sirte. Basin 375
14.2.2 Lower Eocene (Ypresian) 376
14.2.3 A review of the Gir Formation 379
14.2.4 The Gir Formation in the subsurface

of the Sirte Basin 381
14.2.5 Middle Eocene (Lutetian) 382
14.2.6 Revision of the Wadi Tamet Formation 382
14.2.7 Middle Eocene in the subsurface

of the Sirte Basin 384
14.2.8 Upper Eocene (Bartonian) 384
14.2.9 Eocene of offshore Northwest Libya 387
14.2.10 Eocene of Northeast Libya 390

14.3 Oligocene 392
14.3.1 Oligocene of Northeast Libya 393
14.3.2 Oligocene of the Sirte Basin 395
14.3.3 Oligocene of Northwest Libya 396

14.4 Miocene 398
14.4.1 Miocene of the Sirte Basin 398
14.4.2 Miocene of Northeast Libya 400
14.4.3 Miocene of Northwest Libya & offshore 404

14.5 Pliocene-Pleistocene 406
14.6 Pleistocene-Holocene 409

15 Phanerozoic geology of Algeria 417

15.1 Lithostratigraphy of the Sahara Platform 420
15.2 Paleozoic 420

15.2.1 Cambrian/Ordovician of the Sahara Platform 421
15.2.2 Silurian 423
15.2.3 Devonian 424
15.2.4 Carboniferous 427

15.3 Mesozoic 438
15.3.1 Triassic 438
15.3.2 Jurassic 441
15.3.3 Cretaceous 446



Contents xi

15.4 Tertiary of Algeria 449
15.4.1 Paleocene 449
15.4.2 Eocene 449
15.4.3 Oligocene/Miocene 450
15.4.4 Pliocene and Quaternary 451

16 Phanerozoic geology of Tunisia 455

455
456
456
457
457
457
457
459
459
460
462
462
466
473
477
479
487
487
489
490
493
500
500

\ 7 Phanerozoic geology of Morocco 503

17.1 Introduction 503
17.2 Tectonic Subdivisions of Morocco 506
17.3 Sahara Platform 506
17.4 Anti-Atlas 506

17A.I Phanerozoic stratigraphy of the Atlas Mountains 508
17.4.1.1 Cambrian 509
17.4.1.2 Ordovician 514
17.4.1.3 Silurian 517
17.4.1.4 Devonian 518
17.4.1.5 Carboniferous 535

16.1 Introduction
16.2 Phanerozoic Geology of Tunisia

16.2.1
16.2.2

16.2.3

16.2.4

Precambrian
Paleozoic
16.2.2.1
16.2.2.2
16.2.2.3
16.2.2.4
16.2.2.5
16.2.2.6
Mesozoic
16.2.3.1
16.2.3.2
16.2.3.3
16.2.3.4
16.2.3.5
Tertiary
16.2.4.1
16.2.4.2
16.2.4.3
16.2.4.4
16.2.4.5
16.2.4.6

of Tunisia
Cambrian
Ordovician
Silurian
Devonian
Carboniferous
Permian
of Tunisia
Triassic
Jurassic
Upper Jurassic-Lower Cretaceous
Lower Cretaceous of Tunisia
Aptian-Albian of Central Tunisia

Paleocene
Cretaceous-Tertiary boundary
Eocene
Oligocene-Miocene of Tunisia
Pliocene of Tunisia
Quaternary



xii Contents

17.4.2 Atlas Mountains 545
17.4.2.1 Permian-Jurassic (Central High Atlas) 546
17.4.2.2 Jurassic 547
17.4.2.3 Upper Jurassic-Lower Cretaceous 548

17.4.3 Western High Atlas 553
17 AA Atlantic Passive Margin 557

17.5 Tertiary 561
17.5.1 Tertiary of the Central High Atlas 561

17.5.1.1 Oligocene-Pleistocene 561
17.5.1.2 Quaternary 573

PART 5 PETROLEUM GEOLOGY & PETROLEUM SYSTEMS
OF NORTH AFRICA 575

18.1 Introduction 577
18.2 Tectono-Depositional Phases 579
18.3 Tectono-Stratigraphic Provinces in North Africa 582

19 Hydrocarbon systems in North Africa 583

19.1 Neoproterzoic petroleum systems in North Africa 584
19.2 Phanerozoic Petroleum Systems 584

19.2.1 Egypt's hydrocarbon systems 585
19.2.2 Libya's hydrocarbon systems 608
19.2.3 Algeria's hydrocarbon systems 617
19.2.4 Tunisia's hydrocarbon systems 623
19.2.5 Morocco's hydrocarbon systems 628

PART 6 PHANEROZOIC GEOLOGICAL HISTORY 637
20.1 Introduction 639
20.2 Phanerozoic 639
20.3 Lower megasequence 642

20.3.1 Paleozoic 642
20.3.1.1 Cambrian period 644
20.3.1.2 Ordovician period 647
20.3.1.3 Silurian period 653
20.3.1.4 Devonian period 655
20.3.1.5 Carboniferous period 662
20.3.1.6 Permian period 669

20.3.2 Mesozoic 671
20.3.2.1 Triassic period 671

20.3.3 Early Triassic (Scythian) 673
20.3.4 Upper Triassic (Carnian-Rhetian) 675



20.3.5

20.3.6
20.3.7

20.4 Middle
20.4.1

20.4.2

Contents

Continental Triassic
20.3.5.1 Jurassic period
Middle Jurassic
Upper Jurassic
20.3.7.1 Continental Upper Jurassic-Early Cretaceous
20.3.7.2 Aptian-Albian
20.3.7.3 Aptian
20.3.7.4 Albian

Megasequence
Cretaceous
20.4.1.1 Upper Cretaceous period
20.4.1.2 Cenomanian-Turonian
20.4.1.3 Coniacian-Santonian
20.4.1.4 Campanian
20.4.1.5 Maastrichtian
Tertiary
20.4.2.1 Cretaceous-Tertiary boundary
20.4.2.2 Paleocene period
20.4.2.3 Eocene period
20.4.2.4 Basinal facies (facies 1-2)
20.4.2.5 Fore-bank facies (facies 3)
20.4.,2.6 Bank facies (facies 4)
20.4.2.7 Back-bank facies (facies 5-6)
20.4.2.8 Lagoonal-littoral facies (facies 7-8)
20.4.2.9 Lagoonal-evaporitic facies (facies 9)

20.5 Upper Megasequence
20.5.1
20.5.2
20.5.3
20.5.4

References
Subject index
Color plates

Oligocene period
Miocene period
Pliocene period
Quaternary (Pleistocene-Holocene)

xiii

676
678
680
682
684
690
690
695
697
691
691
698
707
710
715
719
719
721
729
731
732
732
733
733
733
744
744
749
760
167

111
897
917


