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ABSTRACT 

 
 The study area is located in the eastern offshore area of the Nile Delta of Egypt, between Long. 31o 84', 32o 44', and Lat. 31o 52', 
31o30', approximately. The main gas fields of the study are Port Fouad and Wakar . This work aims to define hydrocarbon potentiality and 
its relation to geological processes through time, using geological and geochemical models.  This study concerns six wells, namely, Port 
Fouad Marine-1,-2,-3,-4, Darfeel-1, Wakar-1 and -2 to evaluate the potential un-tested bypassed zones.The drilled stratigraphic section of 
the area ranges in age from Miocene to Pleistocene. The interpreted seismic lines, structure contour maps, isopach and isolith map 
illustrate that the upper surface of each of Kafr El Sheikh and Wakar formations shows NW-SE trending gentle anticlinal dome- like 
structures. The petrophysical study includes the sandstone layers in both Wakar and Kafr El Sheikh Formations. The porosity values 
indicate good to very good reservoir properties. Results also show that the overall area is characterized by source rocks of poor to fair 
hydrocarbon potentiality. The source rocks of Kafr El Sheikh, Wakar and Sidi Salem formations have generated hydrocarbons since the 
Late Miocene and Pliocene. The hydrocarbon migration pathways in the area are suggested to be from north, northwest and northeast to 
south, southeast and southwest directions following the up- dip direction of strata. The vertical movement through the fault planes is also 
suggested as different types of gas (dry and wet) in shallow reservoirs of Kafr El sheikh and Wakar are present. New hydrocarbon 
discoveries are expected with some structural up- thrown fault blocks and stratigraphic sand bodies (lenses and facies changes).                          
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Area of Study: 
 The study area is located in the eastern offshore 
area of the Nile Delta of Egypt, between long. 31

o
 

84', 32
o 

44' E, and lat. 31
o
 52', 31

o
30' N, 

approximately. The main fields of the study are Port 
Fouad and Wakar (Fig .1). Port Fouad field, 35 km 
NE of Port Said city, is a big gas field discovered in 
1992 by the International Egyptian Oil Company 
(IEOC). It lies in Petrobel's offshore North Port Said 
block. With reserves proven so far at 3 Trillion Cubic 
Feet (TCF) from reservoirs lying at a depth of 4,000 
meters. Port Fouad field came on stream in April 
1996 to initial production 70 MCF/d of gas and 3,500 
b/d of condensate. Wakar field lies also in the same 
block 17 km north of Port Said city, proving reserves 
of 1.5 TCF. The pay zone is at a depth of 4,000 
meters. It began production in February 1997 from a 
platform similar to that used in Port Fouad, field with 
a capacity of 42 MCF/d of gas and 2,740 b/d of 
condensate. 
 
Stratigraphy and Structure of the Study Areas: 
 The generalized stratigraphic sequence of the 
Nile Delta includes rock-stratigraphic units, which 
ranges in age from Precambrian to Holocene (Fig. 2). 
The sedimentary sequence in the studied area, in its 
deeper section, ranges in age from Miocene to Late-
Pliocene and Holocene ages. The structural pattern of 

this area is the result of a complex interplay between 
three main fault trends. The NW-SE oriented Misfaq-
Bardawil (Temsah) fault trend; the NE-SW oriented 
Qattara-Eratosthenes (Rosetta) fault trend and the E-
W faults delineating the Messinian salt basin 
[1,2,13]. These fault trends are parallel the Circum-
Mediterranean plate boundaries, and seem to be old 
inherited basement faults which reactivate 
periodically throughout the development of the area 
(Fig. 3). The Temsah and Rosetta oblique-slip faults 
intersect in the southern deepwater block, creating a 
faulted, regional high. West of this high, the platform 
area forms an extension of the relatively unstructured 
Nile Delta province to the south. The NE-SW 
(Rosetta) trend shows large-scale structural relief 
created by transpressional movement along the 
Qattara-Eratosthenes trend. Fault movement appears 
to be of Late Cretaceous. This is indicated by the 
onlap of source rocks of Late Cretaceous and Early 
Tertiary deepwater sediments. By the Late Miocene, 
structural relief was covered by basinal sediments. 
As indicated by DSDP data recovered from the 
Eratosthenes high, upper shallow marine carbonate 
may be developed in atoll type features. Up to 2 km 
thick Upper Miocene Salt is present. Dominant fault 
movement is pre-Salt and little post-Salt is observed 
reactivating along the Eratosthenes trend [1].  
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Fig. 1: Geographic map shows the location of study area and the main gas fields of the Nile Delta, among them 

are Port Fouad Marine and Wakar fields, [4].  

                                           

 
 

Fig. 2: Stratigraphic model of the Neogene-Quaternary in the Nile Delta. 

 

 The Temsah field located in a NW-SE trending 

antiform structure, having a flower-like shape, as 

such, indicates a past history of strike-slip 

movements, which involves Miocene and pre-

Miocene formations. On a vertical section it appears 

that the structure lies more or less along the Bardawil 

alignment. It is aligned with Akhen, S.E. Temsah, 

Wakar and Port Fouad structures, which are 

antiforms of the same type, although with a minor 

flower-like character [3].  

 

Structure of the Eastern Off shore Area: 

 Two structure contour maps on top of Kafr El 

Sheikh and Wakar formations were constructed using 

the available well data and seismic lines. In addition, 

one geologic strctural cross- sections along NW- SE 

direction in the study area had been constructed (Fig. 

4). The structure contour map on top Kafr El Sheikh 

Formation shows a NW-SE trending anticlinal 

structures dissected by several faults oriented NE-

SW (Fig.5). These structures form the traps in which 

wells of both PFM & Wakar fields were drilled. In 

addition, there are some anticlinal structures are 

oriented E-W. The top of Kafr El Sheikh Formation 

shows an antiform structure delineated by subsurface 

contour line of 1000 m in Wakar field. In addition, 

the western part of the study area shows a number of 

normal step -faults with throws ranging from 900 to 

1100 m (Fig.5).The structure contour map on top 

Wakar Formation shows a NE-SW to E-W trending 

anticlinal structures (Fig.6). In addition, some of 

these structures are located due to south. These 

structures form the traps in which wells of both PFM 

& Wakar fields were drilled. Two main NE- SW 
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trending faults were detected on top of Wakar 

Formation in Wakar area forming horst structure. 

These faults have throw values ranging from 300 m 

to 700 m.  Going to south, the closure of well 

Darfeel-1 (DAR-1) is delineated by contour line 

2800 m.  This closure forms an anticline and is not 

dissected by any fault.  One geologic cross- section 

was constructed using the two structure contour maps 

and the well data available and seismic lines on top 

Kafr El Sheikh and Wakar formations. The geologic 

cross- section A- A', along NW-SE direction, passing 

though wells Wakar- 1 and 2, PFM- 4, 3, 1 and 2, 

shows a normal fault (Ι) to the northwest direction 

where both well Wakar-1 and 2 were drilled in the 

up- thrown side of the structure (Fig.7).  Wells PFM- 

4, 3, 1 and 2 were drilled along the anticline structure 

further to southeast. Another normal fault (Π), 

affecting Wakar Formation, is located between 

Wakar and Port Fouad Marine fields with a through 

value of about 800 m.   

                                                      

 
 

Fig. 3: Regional structural setting, north Nile Delta [12,5]. 

 
Fig. 4: Direction of geologic cross section A- A' across the studied area, Wakar and Port Fouad Marine fields, 

Nile Delta, Egypt (WAK: wakar and PFM: Port Fouad). 

 

Missing Sections and Well-To-Well Correlation: 

 Representation of the drilled wells identifying 

the missed section in each well is shown in Figs 8 & 

9. These are done by well-to-well correlation which 

gives a good picture of the stratigraphic hiatus found 

in the studied wells. Both correlations were done 

within PFM and Wakar fields using top of Rosetta 

Formation as a datum in the correlations. The 

formation is composed of salt and anhydrite and is 

characterized by a regional unconformity during the 

Messinian crisis. Since the study area is affected by 

unconformities in all wells, it is not easy to find a 

type section to calculate the missing section. 

Therefore, the missed sections in all wells were 

determined tentatively, supposing that each complete 

formation section in any well is its type section in the 

other wells. In PFM Field, the missed section, either 

due to faulting, non-deposition or erosion, was higher 

in the eastern part rather than in the western part. On 

the other hand, Kafr El Sheikh Formation was 

extensively eroded within well PFM-3, in the middle 

part of the area (Fig.8). Wakar Formation, within the 

same area, shows no noticeable erosion which 

indicates a period of mild or no tectonism during that 

age.  For Wakar Field, missed sections are highly 

apparent within Wakar-2 well other than well Wakar-

1 (Fig.9). Consequently, it is noted that Kafr El 

Sheikh Formation has no apparent missed section, 

based on correlation, while, Wakar Formation is 

extensively eroded in well Wakar-2. Unconformities 

are shown clearly within Figs. 10 & 11.  Figure 10 

shows unconformity surface on tops of Kafr El 

Sheikh, Rosetta and Wakar formations, between 

wells Wakar-1 and -2, within Wakar Field. 

Meanwhile Figure 11 shows unconformity on top of 

Kafr El Sheikh and Wakar formations, between wells 

PFM-3, -1 and -2, in PFM Field.  
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Fig. 5: A structure contour map on top Kafr El Sheikh Formation, Wakar and Port Fouad Marine Fields, Nile 

Delta, Egypt. 

 
Fig. 6: A structure contour map on top Wakar Formation, Wakar and Port Fouad Marine Fields, Nile Delta, 

Egypt. 

 
 

Fig. 7: Geologic cross- section A- A' along wells Wakar- 1 and 2, PFM- 4, 3, 1 and 2, Wakar and Port Fouad 

Marine Fields, Nile Delta, Egypt. 
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Fig. 8: Tentative stratigraphic Missed section in wells of Port Fouad Marine Field. 

 

 
Fig. 9: Tentative Stratigraphic Missing section in wells of Wakar Field. 

 

Petrophysics of Wakar & Kafr El Sheikh 

Formations: 

 A summary of the petrophysical evaluation for 

each formation in some wells is shown in Table.1. A 

detailed explanation on each reservoir for every well 

of the field is represented as follows: 

 

A-Kafr El Sheikh Formation:   

 Kafr El Sheikh Formation has several payzones 

separated by thin shale streaks. These zones have a 

very high total porosity (Ф) ranging from 19-30% 

and water saturation (Sw) 30-78%.    

  

B-Wakar Formation:                  

 Wakar formation has several payzones separated 

by thin shale streaks. These zones have porosities 

around 20 % and water saturation of about 5-50% in 

most cases.        



259                              Khaled K.A. et al, 2014 /Journal Of Applied Sciences Research 10(4), April, Pages: 254-270 

 

 
Fig. 10: Well-To-Well Correlation between wells wakar-1 and -2 of Wakar Field. 

 

 
Fig.11: Well-To-Well Correlation between wells PFM-2, -1,-3 and -4 of PFM Field. 

 

ISO-Parametric MAPS: 

 The calculated parameters Porosity (Ф), Shale 

volume (Vsh), Water saturation(Sw) and 

Hydrocarbon saturation (Sh) are represented by 

drawing contour maps named Isoporosity, 

Isoshaliness, Water Saturation and Hydrocarbon 

Saturation maps, respectively. These maps show the 

horizontal distribution of each parameter within the 

formation (Figs.12-19).  

 

A-Isoporosity maps:  

 These maps show that the porosity of Kafr El 

Sheikh Formation is the same nearly in all wells, and 

ranging from 26 to 34 % (Figs. 12). On the other 

hand, the porosity of wells Wak-1 and -2 are greater 

than those in PFM-1,-2,-3 and -4 of Wakar 

Formation ranging from 10 to 16 % (Figs. 13). It is 

observed that the porosity of Wakar Formation is 

much lower than that of Kafr El Sheikh Formation, 

and this may be due to the fact that porosity 

decreases by increasing depth, due to compaction 

and depth of burial. In addition, post diagenetic 

processes decrease porosity.  

 

B-Isoshaliness maps:  

 The given maps show that shale volume 

averaging about 30% in Kafr El Sheikh Formation , 

and about 40% within Wakar Formation (Fig. 14 

&15). In both formations, shale volume is much 

lower in Wakar field than that in Port Fouad Marine 

Field. This is due to the fact that, Wakar formation 

was deposited in deltaic environment while Kafr El 

Sheikh formation was deposited in outer neritic to 

upper bathyal water depths.  

 

C- Water Saturation maps:        

 These maps show that water saturation in Kafr 

El Sheikh Formation is much greater than that in 

Wakar Formation (Fig.16 and 17). This may be due 

to depth increase because Wakar Formation occurs 
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on depth greater than Kafr El-Sheikh Formation. 

Increasing compaction by increasing depth of burial 

reduces porosity and water saturation. On the other 

hand, average water saturation in Kafr El Sheikh 

Formation is 40% (Fig. 16), while in Wakar 

Formation is 8% (Fig. 17).      

 

D-Hydrocarbon Saturation maps:  

 Hydrocarbon saturation is inversely proportional 

to water saturation, since (SH = 1-Sw), this is clearly 

shown in both maps (ІV.18 and 19). The average 

hydrocarbon saturation in Kafr El Sheikh Formation 

is about 50% (Fig. 18), while in Wakar Formation it 

attains about 85% (Fig19). 

 
Table 1: Summary of petrophysical evaluation of investigated payzones in Darfeel, Wakar and Port Fouad Marine fields.  

 
 

 
Fig. 12: Isoporosity map  (Ø %) of the Sandstone                Fig. 13: Isoporosity map  (Ø %), of the Sandstone 

             Reservoir, Kafr El Sheikh Formation.                                   reservoir Wakar  Formation.   

 
Fig. 14: Isoshaliness map (Vsh %) of the                       Fig. 15: Isoshaliness map  (Vsh%) of the  

             sandstone reservoir, Kafr El Sheikh Fm.                        sandstone reservoir,  Wakar Formation. 
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Fig. 16: Distribution map of water saturation (Sw%)     Fig. 17: Distribution map of water saturation (Sw%)  

            of the sandstone reservoir, Kafr El Sheikh.               of the sandstone reservoir, Wakar Formation. 

  

 
Fig. 18: Distribution map of hydrocarbon saturation            Figs. 19: Distribution of hydrocarbon saturation  

            (Sh%) of the sandstone reservoir, Kafr El Sheikh.                    (Sh %) Of the sandstone reservoir, Wakar 

                                                                                                                 Formation.  

 

Lithology Identification: 

A number of density-neutron cross-plots were 

made by using special diagrams, for lithology 

classification of Kafr El Sheikh and Wakar 

formations (Figs 20, 21, 22and 23). These cross-plots 

reflect several types of lithology such as calcitic-

dolomite, dolomitic- limestone and limestone, which 

reduces porosity, within Kafr El Sheikh Formation in 

well Wakar-1 (Fig-20). Wakar Formation, the 

lithology in well Wakar-1 consists of either dolomite 

or calcitic cement, which appears in the sand 

sequence, and reduces porosity, but the dolomitic 

part is characterized by secondary porosity (Fig- 21). 

Kafr El Sheikh Formation in well PFM-1 is 

composed of quartzose-sandstone lithology and 

calcitic- dolomitic sandstone (Fig-22). On the other 

hand, Wakar Formation within the same well has 

limy-sandstone lithology within its sandstone 

sequence (Fig- 23). The effect of gas can be observed 

on the crossplot, where the plotted data tend to shift 

north- westerly from the limestone line, since this 

effect increases porosity determinations from density 

log and decreases neutron porosity. Also, the effect 

of shale can be observed on the crossplot, where 

shale effects tend to be in the southeast quadrant of 

the crossplot [13]. 

 

Geochemical Modelling: 

Rock- Eval Pyrolysis: 

 Forty nine shale samples, from Sidi Salem, 

Wakar and Kafr El Sheikh Formations in well PFM-

1, were pyrolized by Rock-Eval technique to 

evaluate the hydrocarbon potential (generating 

capability), quality of kerogens and thermal maturity 

of the studied source rocks (Table.2). The results 

indicate that all the analyzed samples contain TOC 

values, higher than 0.5 wt %. Shales of Kafr El 

Sheikh Formation have TOC values ranging from 

0.73 to 1.14 wt % with average value of 0.92. The 

TOC values of shale samples from Wakar Formation 

range from 0.54 to 0.98 wt % with average of 0.78 

wt %. In addition, Sidi Salem Formation has shale 

samples with TOC values ranging from 0.59 to 0.9 

wt %, and average of 0.76 wt %. Based on the above 

mentioned values and using the classification of 

Peters [15], Kafr El Sheikh, Wakar and Sidi Salem 
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shale beds are considered fair to good source rocks. 

In addition, these amounts of  OM represents a 

concentration which is able to produce a sufficient 

amount of  hydrocarbons during thermal maturation 

to overcome adsorption and surface tension effects 

giving rise to commercially significant expulsion of 

hydrocarbons from the rock matrix [7]. The quality 

of kerogens is determined using the hydrogen index 

(HI) and T- max (T max). The results indicate that  

most (OM) of Kafr El Sheikh, Wakar and Sidi Salem 

formations  belongs to immature type II and III 

kerogen, both oil and gas prone. Rare samples in 

both Wakar and Sidi Salem formations occur in the 

oil window (Fig.24). The quality of kerogens is 

determined using the hydrogen (HI) and oxygen (OI) 

indices. The results indicate that OM of Kafr El 

Sheikh Formation shale belongs to immature type Ш 

and IV kerogen (Fig.25). 

 
Fig. 20: Density-Neutron Cross-plot for Kafr                    Fig. 21: Density-Neutron Cross-plot for Wakar  

              El Sheikh Formation, Well Wakar-1.                                 Formation Well Wakar-1. 

  
Fig. 22: Density-Neutron Cross-plot for                           Fig. 23: Density-Neutron Cross-plot for  

             Kafr El Sheikh Formation, Well PFM-1.                           Wakar Formation, Well PFM-1 

 

 On the other hand, most of kerogens of Wakar 

Formation are related to the immature type Ш 

kerogen, while some samples are located within the 

mature type П kerogen. In case of Sidi Salem 

Formation, kerogens belong mostly to the mature 

type П kerogen (Fig.26). These types of kerogen are 

also denoted by Khaled et al [9] for Kafr El Sheikh 

and Abu Madi shales in Abu Madi gas field. The 

maturation state of studied shales is determined also 

by the production index {S1/ (S1+S2)} (Fig.27) and 

the S2 peak temperature (Tmax). The generating 

potential of the samples (S2) indicate that Sidi Salem 

and Wakar shales have fair generating potential (S2 

> 0.5-2.5 mg HC/g rock). Meanwhile, the lower 

section of Kafr Elsheikh formation (depth interval 

2300- 2560 m) is non- source shales as its (S2) 

values are less than 0.5 mg HC/g rock. The Upper 

section of Kafr El Sheikh formation (depth interval 

1300- 2300 m) has fair generating potential (S2: 0.5- 

2.5 mg HC/g rock). The production index of shales 

of Kafr El Sheikh Ranges from 0.17 to 0.3, with 

average value of 0.24, denoting a low maturity level 

since the range of the oil window is 0.08-0.4. In 

addition, Tmax values range from 400 C to 419 C 

with average of about 408 C. according to Peters [15] 

this indicates also a low to medium maturity level for 

the studied rocks . Shales of Wakar Formation have 

production index ranging from 0.1 to 0.26, with 

average value of about 0.15. This indicates a lower 

maturity level than Kafr El Sheikh Formation. In 

addition, the level of maturity is low. Tmax values of 

Wakar Formation shales range from 418 C to 433 C, 
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with average of 425 C. Sidi Salem Formation has 

production indices with the range (0.1-0.15), and 

average 0.12. Tmax values range from 413 C to 434 

C, with average of 421 C.  

 

      
 

Fig. 24: Plot of HI vs. Tmax of Kafr El Sheikh,          Fig. 25: Plot of HI vs. OI of Kafr El Sheikh, Wakar and      

              Wakar and Sidi Salem shale samples.                        Sidi Salem shale samples, [18]. 

              (Well: PFM-1, Nile Delta offshore, Egypt).                

 
Table 2: TOC and Rock-Eval pyrolysis data of shale samples from Well PFM-1. 

 
(Data after Petrobel company, Cairo, Egypt). 
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Fig. 26: Kerogen types of some shale samples,         Fig. 27: Production Index (PI) of some shale samples, 

              Well PFM-1, Nile Delta, Egypt [10].                         Well PFM-1, Nile Delta, Egypt. 

 
Predicting Thermal Maturity: 
Vitrinite Reflectance 
 The most powerful tool in characterizing the 
thermal maturity level reached by potential source 
rocks in the drilled section is the vitrinite reflectance. 
It is also used as a paleo-geo-thermometer by which 
one can calibrate the measured and calculated 
maturities using thermal burial histories and maturity 
models of the drilled sections. The measured vitrinite 
reflectance values (Ro, %) of Kafr El Sheikh 
Formation shale Samples are given in Table-3. The 
Ro values indicate that shales of Kafr El Sheikh 
Formation are immature down to depth 2500 m in 
both PFM-1 and Wakar-1 wells since the Ro values 
is smaller than 0.5 (the roof of the generation zone). 
Down depth value 2500m Kafr El Sheikh Formation 
becomes mature as the Ro values overcome the 0.5 
% Ro value. This could be taken as a clue to consider 

the older formations (Wakar, Sidi Salem, 
Qantra….etc) to be mature and have been buried in 
the oil window in the area. Consequently, in the area 
of Port Fouad and Wakar gas fields the lower part of 
Kafr El Sheikh Formation is expected to be mature in 
the generation zone while Wakar, Sidi Salem and 
Qantra formations most likely have been buried in 
the oil window and therefore they are effective 
source rocks. This also is taken here to suggest that 
the source rocks which are older than Sidi Salem 
Formation must likely have reached the gas window 
in the area. This is in harmony with the conclusion 
reached by Khaled et al [8] who suggested that the 
Oligocene Dabaa Shales are currently located in the 
Peak oil generation and these shales are the main oil 
and gas source rocks in the Abu Madi- El Qaraa and 
they are the main gas source rock in the deeper areas 
in the Nile Delta gas province.  

 
Table 3: Vitrinite reflectance values (Ro, %) of Kafr El Sheikh Shale samples in Wells PFM-1 and Wakar-1, Nile Delta, Egypt.  

Ro, % Depth (m) Well Ro, % Depth (m) Well 

0.39 
0.43 
0.42 
0.43 
0.44 
0.48 
0.55 

2100 
2205 
2300 
2400 
2505 
2600 
2705 W

A
K

A
R

-1
 

0.31 
0.33 
0.39 
0.35 
0.39 
0.42 
0.43 
0.43 
0.49 

1300 
1470 
1625 
1730 
1900 
2120 
2340 
2380 
2520 

P
O

R
T

 F
O

U
A

D
-1

 

 
Construction of the Geological Model: 
      A geological data enables us to construct a time-
stratigraphy for the location of interest and to specify 
its temperature history. Time-stratigraphic data are 
usually available as formation tops and ages obtained 
by routine biostratigraphic analysis of cuttings. If no 
well data are available, a time-stratigraphy can 

sometimes be constructed using seismic data, 
especially if the seismic reflectors can be tied to well 
data. If no subsurface data are available, estimates 
can be made, perhaps from thicknesses of exposed 
sections nearby. The geological data of the studied 
wells Wakar-1 and -2, PFM -3, -4 and -5, and 
Darfeel-1 are expressed in (Tables 4 To 9).  

 
Table 4: Geological data of well Wakar-1, Wakar Field.     

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Mit Ghamr Quaternary 121.5 748 1.6 

El Wastani Late Pliocene 869.5 202 3.4 

Kafr El Sheikh Early Pliocene 1071.5 1683 5.3 

Rosetta Messinian 2754.5 269 6.5 

Wakar M  Miocene 3023.5 1026 15.1 

Sidi Salem M  Miocene 4049.5 18 16.6 

Qantara Early Miocene 4067.5 84 23.7 

Tineh Late Oligocene 4151.5 176 30 



265                              Khaled K.A. et al, 2014 /Journal Of Applied Sciences Research 10(4), April, Pages: 254-270 

 

Table 5: Geological data of well Wakar-2, Wakar Field. 

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Mit Ghamr Quaternary 169 613 1.6 

El Wastani Late Pliocene 782 275 3.4 

Kafr El Sheikh E Pliocene 1057 1695 5.3 

Evaporitic complex Messinian 2752 50 6.5 

Wakar Tortonian 3061 698 11.2 

Sidi Salem Serravilian 3759 275 16.6 

Qantara EarlyMiocene 4034 9 23.7 

 

Table 6: Geological data of well PFM-3, Port Fouad Marine Field. 

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Mit Ghamr Holocene 82 543 1.6 

El Wastani Pleistocene 625 474 3.4 

Kafr El Sheikh Pliocene 1099 1506 5.3 

Rosetta Messinian 2605 21.5 6.5 

Wakar Tortonian 2626.5 513.5 11.2 

 

Table 7: Geological data of well PFM-4, Port Fouad Marine Field. 

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Mit Ghamr Holocene 27 599 1.6 

El Wastani Pleistocene 626 365 3.4 

Kafr El Sheikh Pliocene 991 1963 5.3 

Rosetta Messinian 2954 165 6.5 

Wakar Tortonian 3119 585 11.2 

Sidi Salem Langhian 3704 248 16.8 

Qantara Burdigalian 3952 56 21.8 

  

Table 8: Geological data of well PFM-5, Port Fouad Marine Field. 

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Mit Ghamr Quaternary 27 599 1.6 

El Wastani Pliocene 626 479 3.4 

Kafr El Sheikh Pliocene 1105 1676 5.3 

Rosetta Messinian 2781 154 6.5 

Wakar Tortonian 2935 579 11.2 

Sidi Salem Langhian 3514 240 15.1 

Qantara Langhian 3754 29 16.6 

 

Table 9: Geological data of well Darfeel-1, Darfeel Field. 

Formation Age Depth (m) Thickness (m) Duration (Ma) 

Bilqas Pleistocene 25 285 1.6 

Mit Ghamr Late Pliocene 310 275 2.4 

El Wastani Late Pliocene 585 347 3.4 

Kafr El Sheikh E-M Pliocene 932 1609 5.3 

 

Thermal burial history modeling: 

 The thermal burial history models are used to 

calculate maturity levels where measurements are not 

available. These burial history models help in 

predicting the thermal maturity and time of 

generation, expulsion and migration of petroleum. 

Furthermore, they are used to determine the time of 

structure development of trap formation and time of 

entrapment. The thermal burial history models of the 

studied wells were constructed using BasinMod-1D 

[11,19-21]. The data needed to construct the thermal 

subsidence history are formation tops or true 

stratigraphic thickness, geologic age of the time-rock 

unit, geothermal gradient and the magnitude of 

erosion and the non-deposition periods or hiatus. Six 

burial history diagrams were constructed from wells 

Wakar-1 and -2, PFM-3, -4 and -5, and Darfeel-1 

(Figs. 28 to 32). These diagrams show that thermal 

maturity history in the northwestern block differs 

from the southeastern block of the studied area. 

These burial history curves are plotted from the 

geological data of the studied wells (Tables 4 to 9).  

    The burial thermal history diagrams of Wakar-1 

and Wakar-2  indicate that most of Kafr-El-Sheikh 

Formation is in the  immature zone and the lower 

part of this formation has been buried in the early 

mature at depths 3100 m and 2500 m (4- 4.6 my) in 

well Wakar-1 and Wakar-2, respectively (Figs. 28 

and  29). Wakar Formation has reached the mid- 

mature stage of oil generation at the end of Miocene 

and Early Pliocene. The lower part of Wakar 

Formation (depth interval 3500- 4050 m) and the 

underlying formations (Sidi Salem and Qantara) has 

reached the mature oil- generation zone at the end of 

Pliocene (1.5- 3.2 my) in both well Wakar-1 and -2. 

In addition, Tineh Formation, which belongs to the 

Late Oligocene in age is penetrated in well Wakar-1 

and has reached the main gas generation zone in the 

Late Pleistocene. Kafr El Sheikh Formation in wells 

PFM-3, PFM-4 and PFM-5 (Figs. 30, 31 & 32) has 

reached the early maturation stage at the end of Early 

Pliocene, 1.8 – 3.0 my, (depth interval 2700 m – 

2900m), while most of Kafr El Sheikh Formation is 

immature. In addition, Wakar Formation, within the 
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same wells, has reached the early mature- mid 

mature stage at Early Pliocene (3.1 my) and the 

lower part of Wakar Formation is mature. On the 

other hand, Sidi Salem Formation in wells PFM-3, 

PFM-4 and PFM-5 has reached the peak of oil-

generation (late mature stage) at the end of Miocene 

to Early Pliocene (2.5 my), while Qantara Formation 

within the same wells reached the main gas 

generation stage in the Early Pleistocene. In well 

Darfeel-1 (Fig. 33), most of Kafr El Sheikh 

Formation is immature and the lower part of Kafr El 

Sheikh Formation has reached the early maturation 

stage at the Early- Late Pliocene (3 my) at depth 

2000 m.  

 

 

     
 

Fig. 28: Thermal burial history of well                          Fig. 29: Thermal burial history of well  
             Wakar-1, Wakar Field.                                                  Wakar-2, Wakar Field. 
 

 
 

Fig. 30: Thermal burial history of well PFM-3, Port Fouad Marine Field. 
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Fig. 31: Thermal burial history of well                       Fig. 32: Thermal burial history of well PFM-5,  

             PFM-4, Port Fouad Marine Field.                            Port Fouad Marine Field. 

 

  
 

Fig. 33: Thermal burial history of well. 

 

Darfeel-1, Darfeel Field. 

Migration and entrapment: 

 Study of burial history diagrams, different 

source rock intervals and timing of hydrocarbon 

generation indicates that, generation of gaseous 

hydrocarbons by the deeper pre-Kafr El Sheikh and 

Wakar formations source rocks, especially Sidi 

Salem Formation, has started since the Early 

Pliocene time at the northwestern and southeastern 

parts of the study area. The generated hydrocarbons 

migrated both vertically and laterally up to 

stratigraphic reservoir horizons and closures in the 

higher blocks, following the up-dip pathways, i.e., 

from the middle part to the north-western and south-

eastern parts. Presence of most producing wells, in 

the eastern offshore area, in both Wakar and Port 

Fouad Marine fields is taken here as a clue to such 

migration directions. Most fault planes in the area do 

not act as an efficient seal for hydrocarbon 

movement. This could be attributed to the 

predominance of clastic facies (especially 

sandstones) in the sedimentary section in the area, 
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which permit good connection and open channels 

between the juxtaposed sandstone beds at the 

different sides of each fault plane cutting these 

clastics.  

 Kamel et al. [6] also discussed the migration and 

entrapment of hydrocarbons in the Nile Delta. They 

mentioned that, the presence of deep-cut channels, 

old vallies during Messinian and the unconformities, 

permit a good path for lateral up-dip migration and 

further entrapment in the shallow closures. They 

added that, in the central basin of the Nile Delta, 

where the shallow Pliocene growth faults are not 

well developed, only the normal fault pattern play the 

main role in the vertical migration for the generated 

hydrocarbons and its ultimate entrapment and 

accumulation in the Miocene and older reservoirs. In 

case of the studied area, the migration paths will be 

towards the locations of discovered and probable 

traps which are shown on maps of both Kafr El 

Sheikh and Wakar formations (see Figures 34 and 

35). Concerning the studied area, the pathways of 

migration from north, northwest and northeast to 

south, southeast and southwest directions following 

the up-dip role of migration [14].  

 

Petroleum System: 

  The event chart of the petroleum system in the 

Eastern offshore area indicates presence of all 

elements required for the known petroleum system. 

The source rocks are considered all the clay and 

shale intervals of Tineh, Qantara, Sidi Salem, Wakar, 

Kafr El Sheikh and Wastani formations which 

represent time- units from Oligocene up to Pliocene. 

Among these rock units, Tineh, Qantara and Sidi 

Salem are the effective source rocks which have 

generated hydrocarbons in the area. The Tineh and 

Qantara formations have been buried in the main gas 

generation in the Late Pleistocene time, while Sidi 

Salem formation reached the peak of oil generation 

at the end of Miocene to Early Pliocene (5 M.Y.). 

Kafr El Sheikh Formation has not reached the oil 

window, but its lower part is recorded mature in 

some wells .Hence, generation and expulsion of 

hydrocarbons took place in the area since the 

beginning of Pliocene period (5 M.Y.). The 

migration of hydrocarbons has started since the 

beginning of expulsion, vertically along faults and 

also along up- dip pathways to the shallower 

reservoir rocks which are the sandstone intervals in 

the sedimentary section of the area.  It is worth to 

mention that the clay and shale intervals also act as 

an effective seals which help to the entrapment of 

migrated hydrocarbons in the area. The critical 

moment of the petroleum system in the area is at the 

end of Miocene and beginning of Pliocene period, i. 

e. since 5 M.Y. before present (Fig.36).  

 

Summary and Conclusion: 

 Kafr El Sheikh and Wakar sandstone beds are 

considered to be good to very good reservoir rocks. 

In addition, the lithology varies between sandstone, 

limy and dolomitic sandstone in both formations. 

Kafr El Sheikh, Wakar and Sidi Salem shale beds are 

considered to be fair to very good source rocks. Kafr 

El Sheikh, Wakar and Sidi Salem formations have 

poor to fair generating potential. The lower part of 

Kafr El Sheikh Formation buried in the mature 

catagenesis stage (early and mid-mature) during the 

Late Miocene and Early Pliocene age. Wakar 

Formation belongs to the early to mid-mature stage 

at the end of Miocene and Early Pliocene. Sidi Salem 

Formation has reached the main gas generation at the 

end of Pliocene. Shale intervals in Sidi Salem, 

Qantara, and Tineh are effective source rocks in the 

area and they are the source of most gases in the 

study area. 

 

 
 

Fig. 34: Migration pathways on top of Kafr El Sheikh Formation. 
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Fig. 35: Migration pathways on top of Wakar Formation. 

                                                           

 
 

Fig. 36: Events chart of the petroleum system of Wakar- Darfeel- Port Fouad district, eastern offshore, Nile 

Delta, Egypt. 
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