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The Middle-Late Cretaceous tectono-stratigraphic evolution
of the Greater Abu Gharadig field, Northern Western Desert,

Egypt
ABSTRACT

Discovered in 1969, the Abu Gharadig (AG) Field was the first large
hydrocarbon discovery in the Abu Gharadig Basin of the Western Desert of
Egypt. Oil production began in 1973, with gas being brought into production
in 1975. The field produces from three main Cretaceous reservoirs: (1)
Lower Cenomanian Bahariya Formation; (2) Upper Cenomanian to lower
Turonian Abu Roash “E”; and (3) Middle Turonian Abu Roach “C”. Minor
reserves occur in the Abu Roash “D” and Kharita reservoirs. The reservoirs
are cut into several structural compartments by a number of WNW-ESE
oriented faults.

The Abu Gharadig Basin is an E-W trending intracratonic basin, about 330
km long and 50-75 km wide. The basin is bounded on the north by the
Qattara Ridge (also known as the Sharib-Sheiba High) and to the south by
the Sitra Platform. It was initially formed as a large half graben system
during the Jurassic time in response to Tethyan rifting and it continued to
subside throughout the Cretaceous time. The half graben was subsequently
inverted during the Late Cretaceous as part of the Syrian Arc deformation
which affected much of northern Egypt at that time. The Mid-Basin Arch, the
Abu Gharadig Anticline, and the Mubarak High are three NE-SW oriented
main anticlines located within the basin that developed during the Late
Cretaceous due to inversion of pre-existing Jurassic rift faults.

The Abu Gharadig anticline has an overall NE-SW orientation with a gentle
plunge towards the NE. It is locally bounded by two NE-SW-trending faults;
one bounds the southwestern limb of the anticline and the other bounds the
northeastern side of the plunging nose. These faults control the asymmetry
of the anticline which changes as we traverse the structure from SW to NE.
Reverse offset along both of these bounding faults can be mapped
seismically within the Cretaceous Alamein, Kharita, and Bahariya
Formations. Fault propagation folding is developed towards fault tips within
the Abu Roash Formation and Khoman Formation. Based on thickness
changes and stratigraphic relationships, inversion seems to have started
during the Santonian time and continued into the Campanian-Maastrichtian.



Some movements also took place during deposition of the Eocene Apollonia
and Oligocene Dabaa Formations.

The North East Abu Gharadig (NEAG) Fold is another inversion anticline in
the study area, located to the northeast of AG main fold. An inverted fault
bounds its northern flank, and it has the same characteristics and evolution
history and age like the AG main fold.

The NE part of the AG field dips simply toward the NW-SE oriented Sharib-
Sheiba fault which shows normal offset, development of an early
Cretaceous thickening wedge, and drag folding on its hanging wall
contemporaneous with compressional folding along the main Abu Gharadig
Anticline. This normal movement seems to have continued into Eocene and
Oligocene times.

Furthermore, a series of WNW-ESE oriented normal faults dissect the
Alamein to Abu Roash rocks and segment the southwest part of the Abu
Gharadig field. These faults also appear to have been active during the
inversion time and some of them cut upwards into the overlying stratigraphy.



CONTENTS

Page No.
ACKNOWLEDGEMENTS i
VITA ii
ABSTRACT iii
Table of Contents v
List of Figures Vi
CHAPTER |
INTRODUCTION 1
1.1 Location of the Study Area 1
1.2 Objectives of the Study 2
1.3 Exploration History 3
1.4 Database and Methodology 9
1.4.1 Database 9
1.4.2 Methodology 12
CHAPTER Il
REGIONAL SETTING 14
2.1 Basin Evolution 14
2.2 Tectono-sequences Framework 23
A) Tectono-sequence 1 Paleozoic 23
B) Tectono-sequence 2 Jurassic to Coniacian 25
C) Tectono-sequence 3 Santonian to Late Eocene 27
D) Tectono-sequence 4 Late Eocene to Pliocene 27
2.3 Stratigraphic Column of the study area 31
CHAPTER Il
STRUCTURAL INTERPRETATION 33
3.1 Introduction 33
3.2 Mapping and Interpretation 36
3.3 Structural Domains 59
a. Sheiba High Domain 59
b. AG Folds Domain 62
c. Normal Faults Domain 65
3.4 Faults 66
3.5 Folds 68
a. Abu Gharadig Main Fold 68
b. North East Abu Gharadig Fold (NEAG Fold) 70



c. NEAG fault-drag syncline 70

3.6 Time of structural deformation 71
3.7 Structural Evolution of the study area 94
CHAPTER IV

HYDROCARBON HABITAT 98
4.1 Trap 98
4.2 Source Rocks 98
4.3 Reservoir Rocks 99
4.4 Seal 99
CHAPTER V

SUMMARY AND CONCLUSIONS 101
REFERENCES 104
ARABIC SUMMERY 109

wﬂ\ gaidlall \



LIST OF FIGURES

Figure Figure caption Page

1 Location of the Abu Gharadig Field and structural framework of the Abu 1
Gharadig Basin (after Khaled, 1999).

2 Location of the study area and license blocks overlying a Google Earth image 2
of the Northern Western Desert.
Stratigraphic column of the Abu Gharadig Basin, Western Desert (modified

3 after Wahdan et al., 1996). The figure also shows the position of reservoir, 5
seal, and source rocks.

4 Structural framework of the northern Western Desert (after Bayoumi, 1996). 6

5 Schematic N-S structural cross-section through the Abu Gharadig Basin 7
(after Bayoumi, 1996).
A) AG pre-drilling TWT structure contour map of top Turonian seismic

6 marker, showing the early structural interpretation and the location of first 8
exploration well AG-1. B) 1960 unmigrated NW-SE seismic line passing
nearby AG-1 well location (EGPC, 1992).

7 Base map showing the data available for the present study. 9
Basin distribution map in the northern Western Desert of Egypt (Moustafa,

8 15
2008).

9 Paleozoic, Mesozoic and Tertiary Basins in northern Egypt (Bevan and 18
Moustafa, 2012, modified after Dolson et al., 2001).

10 Simplified field geological map of Gebel Maghara Area (Moustafa, 2014). 21
Schematic reconstruction of a geoseismic section extending from the

11 Kattaniya inverted basin to the Gindi Basin northern Western Desert (Abd El- 22
Aziz et al., 1998).

12 Generalized tectono-stratigraphic chart of the northern Western Desert, 24
modified after Bevan and Moustafa (2012).

13 NW-SE seismic and geological cross-section from the northern Western 29
Desert across the Mubarak inversion anticline (Bevan and Moustafa, 2012).

14 Restoration section of 1:1 simplified interpretation across Mubarak inversion 30
anticline (Bevan and Moustafa, 2012).

15 Generalized stratigraphic column of the study area. 32




The nine horizons mapped across the study area from 3D seismic and well

16 data. 34

17 3D structural interpretation utilizing available seismic and well data. 35

18 Top Alamein Dolomite TWT structural map showing seismic sections 39
locations.

19 TWT regional seismic section across the Sharib-Sheiba High and along the 40
AG anticline. See figure 18 for line location.

20 TWT regional seismic section along the southern AG area. See figure 18 for 41
line location.

21 TWT seismic section across NEAG Fold and the RO Fault. See figure 18 for 42
line location.

29 TWT seismic section across the NE nose of the AG anticline and the R1 43
Fault. See figure 18 for line location.

23 TWT seismic section across the AG anticline and the R2 Fault. See figure 18 44
for line location.
TWT seismic section across NAG Normal Fault. See figure 18 for line

24 | . 45
ocation.

25 TWT seismic section across the southwestern part of the AG area. See figure 46
18 for line location.

26 TWT seismic section across southwestern part of the AG area. See figure 18 47
for line location.

27 Top Jurassic TWT structural map. 50

28 Top Alamein Dolomite TWT structural map. 51

29 Top Bahariya TWT structural map. 52

30 Top AR/G TWT structural map. 53

31 Top AR/E TWT structural map. 54




32 Top AR/D TWT structural map. 55
33 Top AR/A TWT structural map. 56
34 Top Khoman/A TWT structural map. 57
35 Top Apollonia TWT structural map. 58
36 Top Alamein Dolomite TWT structural map showing the structural domains of 60
the study area.
37 Regio_nal seismic section across the study area showing the structural 61
domains of the Abu Gharadig area.
33 Strati_graphic _correlation across Sheiba High bounding fault and toward the 63
AG Field basinal area. Datum at Khoman/A.
39 Seismic dip section A-A’ across Sheiba High showing its drag syncline. 64
40 Seismic section across the Normal Fault Domain — SWAG area. 65
41 Seismic section A-A' across the AG fold and the R1 and R2 reverse faults. 69
42 Top Jurassic - Top Alamein Dolomite isochron map. 73
43 Top Jurassic - Top Alamein Dolomite tectonic elements map. 73
44 Top Alamein Dolomite - Top Bahariya isochron map. 75
45 Top Bahariya - Top AR/G isochron map. 75
46 Top AR/G - Top AR/A isochron map. 76
47 Top AR/G - Top AR/A tectonic elements map. 76
48 Top AR/A - Top Khoman/A isochron map. 78
49 Top AR/A - Top Khoman/A tectonic elements map. 78
50 Top Khoman/A - Top Apollonia isochron map. 79
51 Top Khoman/A - Top Apollonia tectonic elements map. 79




52-A

Seismic section across the NEAG fold and RO reverse fault, flattened at
Alamein Dolomite. See Fig. 18 for line location and Fig. 21 for the unflattened
version of the line.

81

52-B

Seismic section across the NEAG fold and RO reverse fault, flattened at
Bahariya. See Fig. 18 for line location and Fig. 21 for the unflattened version
of the line.

81

52-C

Seismic section across the NEAG fold and RO reverse fault, flattened at
AR/A. See Fig. 18 for line location and Fig. 21 for the unflattened version of
the line.

82

52-D

Seismic section across the NEAG fold and RO reverse fault, flattened at
Khoman/A. See Fig. 18 for line location and Fig. 21 for the unflattened
version of the line.

82

53-A

Seismic section across the AG fold and R1 reverse fault, flattened at Alamein
Dolomite. See Fig. 18 for line location and Fig. 22 for the unflattened version
of the line.

83

53-B

Seismic section across the AG fold and R1 reverse fault, flattened at
Bahariya. See Fig. 18 for line location and Fig. 22 for the unflattened version
of the line.

83

53-C

Seismic section across the AG fold and R1 reverse fault, flattened at AR/A.
See Fig. 18 for line location and Fig. 22 for the unflattened version of the line.

84

53-D

Seismic section across the AG fold and R1 reverse fault, flattened at
Khoman/A. See Fig. 18 for line location and Fig. 22 for the unflattened
version of the line.

84

54-A

Seismic section across the AG fold and R2 reverse fault, flattened at Alamein
Dolomite. See Fig. 18 for line location and Fig. 23 for the unflattened version
of the line.

85

54-B

Seismic section across the AG fold and R2 reverse fault, flattened at
Bahariya. See Fig. 18 for line location and Fig. 23 for the unflattened version
of the line.

85

54-C

Seismic section across the AG fold and R2 reverse fault, flattened at AR/A.
See Fig. 18 for line location and Fig. 23 for the unflattened version of the line.

86

54-D

Seismic section across the AG fold and R2 reverse fault, flattened at
Khoman/A. See Fig. 18 for line location and Fig. 23 for the unflattened
version of the line.

86

55-A

Seismic section across the NAG normal fault, flattened at Alamein Dolomite.
See Fig. 18 for line location and Fig. 24 for the unflattened version of the line.

87

55-B

Seismic section across the NAG normal fault, flattened at Bahariya. See Fig.
18 for line location and Fig. 24 for the unflattened version of the line.

87

55-C

Seismic section across the NAG normal fault, flattened at AR/A. See Fig. 18
for line location and Fig. 24 for the unflattened version of the line.

88




Seismic section across the NAG normal fault, flattened at Khoman/A. See

55-D Fig. 18 for line location and Fig. 24 for the unflattened version of the line. 88
Seismic section across the SWAG normal faults, flattened at Alamein
56-A | Dolomite. See Fig. 18 for line location and Fig. 25 for the unflattened version 89
of the line.
56-B Seismic section across the SWAG normal faults, flattened at Bahariya. See 89
Fig. 18 for line location and Fig. 25 for the unflattened version of the line.
56-C Seismic section across the SWAG normal faults, flattened at AR/A. See Fig. 90
18 for line location and Fig. 25 for the unflattened version of the line.
56-D Seismic section across the SWAG normal faults, flattened at Khoman/A. See 90
Fig. 18 for line location and Fig. 25 for the unflattened version of the line.
57 NE-SW stratigraphic correlation for the Abu Roash formation along the study o1
area. Datum at. top AR/A.
58 NE-SW stratigraphic correlation along the AG fold. Datum at Khoman/A. 92
59 NE-SW stratigraphic correlation along the AG fold. Datum at top Apollonia. 93
60 The Abu Gharadig field schematic structural deformation summary cartoon. 97
61 The Abu Gharadig field petroleum system elements summary chart. 100




LIST OF TABLES

Data of the 15 wells used in the present study.

10




