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Abstract 
 
This study aims to overcome the problem of unexpected hydrocarbon non-potentiality 

detected in Alam El-Bueib (AEB) member in Aman field. To achieve this objective, the 

structural framework and petrophysical analysis of the studied interval is carried out using 

seismic and well log data, respectively, then using the fault-seal analysis technique to assess 

the availability of the main fault dissecting AEB Formation to trap hydrocarbons. Structure 

depth contour maps and 3D structural model are constructed for illustrating the main 

structural features to assign and evaluate the most promising locations of closures 

favorable for hydrocarbon trapping. AEB III-E shows a general dipping to the northwest and 

south, constituting a horst fault-block dipping to the northwest. These structural settings 

are mostly three-way dipping and occasionally four-way dipping closures and accomplish 

the conditions for trapping of hydrocarbons. AEB III-E sandstone shows a porosity of 14 % 

to 16 % and water saturation near to 100 %, as reported by JASMIN-1X (J-1X) well. Fault 

seal analysis revealed that the main fault dissecting AEB Formation near J-1X well 

represents a leakage zone for hydrocarbon movability and its un-trapping in the location 

around the well. Finally, due to the good quality of AEB Formation in the study area ant its 

surroundings, a prospects prediction routine is carried out to search for other prospects. 

Two prospects are predicted which may be more favorable for hydrocarbon trapping. 

1. Introduction 

Five essential elements must exist in any 

petroleum system for a hydrocarbon prospect to 

exist. These main elements are the source rock, 

reservoir rock, seal rock, the trap and finally timing to 

permit all those processes of generation, migration, 

accumulation, and preservation to occur [1-2]. Aman 

oil field is located in the northern portion of the 

Western Desert at 60 km south of the Matruh coast, 

between X: 709200 and 719600 mE and Y: 294000 and 

282800 mN (Lat. 30° 03' and 30° 54' N and Long. 27° 

00' and 27° 18' E) (Fig. 1). Bahariya Formation is the 

main producing reservoir in this field. Aman-1X was 

the first well drilled in the area by Agiba Petroleum 

Company in May 1985 to test the oil potentialities of 

the Bahariya sand reservoirs [6]. 

Aman oil field occupies an area between Matruh 

and Shushan basins located in the northern Western 

Desert. These basins were upturned in the Late 

Cretaceous to Early Tertiary, resulting in the 

formation of the NNE-SSW directed fault 

dissemination folds that were then anatomized by the 

NW-SE normal faults. These folds form excellent 

hydrocarbon traps throughout the area and 

surroundings. In addition, normal faults of mainly NE-

SW trend and tilted fault blocks of the WNW-ESE main 

trend, form the main structural traps occupying these 

basins [7-8]. Numerous oil and gas fields have been 

found in the Shushan and Matruh basins, where the 

source rock of the Jurassic age is present. One of these 

fields is the Aman oil field [6]. The AEB Formation in 

several oil fields is one of the main reservoirs where, 

the rocks of AEB Members act as sources, caps, and 

reservoirs in several basins in the Western Desert. 

One of the primary oil-bearing members of the 

Western Desert's AEB Formation is the AEB-III-E 

Member [9-14]. 

The 3D modeling technique, based on well log and 

seismic data to investigate the structural 

characteristics of reservoirs, had been carried out by 

many authors such as [15-18]. Utilizing the 3D 

structural modeling technique achieves the main 
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advantage of the capability for modeling complex 

structures. This investigation clarifies the importance 

of fault seal analysis in the re-decision process for the 

hydrocarbon potentiality of AEB-III-E Member and to 

locate better positions for hydrocarbon accumulation 

at the main potential reservoir layers in Aman oil field, 

as well as to propose other unexplored prospects for 

the field development. 

2. Geological Setting 

The sedimentary basins of the northern Western 

Desert were highly structurally controlled by faults 

which are mainly determined from regional magnetic, 

gravity, seismic, and wells data [19]. This leads to the 

high diversity of rock facies being deposited. The 

majority of these faults have a long growth history and 

suffered from strike-slip movements [20]. The African 

plate lateral movements affected these faults during 

the Jurassic (sinistral) and late Cretaceous (dextral) 

[21]. Most folds of the Late Cretaceous-Early Tertiary 

of the northern Western Desert are compressional 

and have a NE-SW trend as shown in the Abu Roash 

area. Other folds, due to horizontally displaced or 

normal faults, are confined to fault blocks of axes that 

are oblique, parallel, or perpendicular to the fault 

block [22; 19]. 

Figure (2) shows the simplified thick stratigraphic 

section of the northern Western Desert which consists 

of a sedimentary sequence ranging from Pre-

Cambrian to Recent [9; 23]. The AEB Formation (Early 

Cretaceous Neocomian-Barremian) is composed 

predominantly of sandstone intercalated with 

siltstone and shale and sometimes thin limestone and 

dolomite beds [19]. Many studies were carried out on 

the northern Western Desert regarding the 

stratigraphy, facies distribution, tectonic framework, 

and hydrocarbon potentialities [2; 8; 10; 24-30]. 

3. Materials and Methodology 

The seismic data is represented as a set of thirty 

seismic sections (2D) derived from a 3D seismic data 

volume. These sections are divided into fifteen inline 

directed N-S and fifteen crosslines directed E-W. In 

addition, the data from 8 wells are used for carrying 

Figure 1. (a) Location map of Jurassic and Cretaceous rift basins in the Western Desert of northern Egypt (Orang box). 

Onshore background image is the [3] digital terrane model. Offshore image is [4] Seasat-derived bathymetry. Faulting 

and basin geometry (green) is after [5]. AG = Abu Gharadig basin; F = Faghur basin; GM = Gebel el Maghara; S = Sushan 

basin, (b) Aman oil field map showing locations of the seismic grid and wells. 

Figure 2. Simplified stratigraphic section of the 

northern Western Desert [6]. 
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out the seismic interpretation. All these wells had 

bottomed in Bahariya Formation, except the J-1X well 

which reached to Ras Qattara Formation. The J-1X 

well is an exploratory (wildcat) well and penetrates 

the AEB Formation. Well logs data of the J-1X well 

(caliper, GR, density, PEF, neutron, and resistivity) are 

available for this work where the AEB Formation is 

studied to evaluate the petrophysical parameters of 

the AEB-III-E Member. This work passed through four 

steps to achieving our aim of clearing how much the 

sealing or leaking windows is a very important agent 

in oil and gas reservoir evaluation and development of 

sprawling counties. The successive work steps are 

shown in the shape of workflows. These steps are 

seismic interpretation for 3D modeling of the 

reservoir, well log analysis for petrophysical 

evaluation, fault seal analysis, and finally prospects 

detection and oil-in-place estimation. The seismic 

interpretation workflow includes several steps 

including the reflectors identification using the 

available well data, time-depth relations and 

stratigraphic information from the available wells, 

picking of reflectors and fault locations, closing loops, 

contouring of time values on horizons, velocity 

mapping, and finally the time to depth conversion to 

contour structural maps and finally constructing three 

3D structural models. The time-depth (T-Z) curve 

available in the J-1X well is used as the time-to-depth 

relation in this study. The average and interval velocity 

values of the different and successive horizons (units), 

members, and formation in these well estimated and 

curves plotted. 

4. Results and Discussion 

4.1. Seismic analysis 

Seismic data can be analyzed according to the 

required investigation. These analyses such as 

deformed structure can be geometrically analyzed in 

the hydrocarbon reservoirs [31- 32], Crustal 

architecture analyses [33-37], Strain Analysis [38], and 

progressive deformation analysis which is important 

in trapping and sealing of faults reduction analysis as 

faults reactivate. The timing of the formation of traps 

vis the timing of hydrocarbon generation is also 

matched to understand the charging of the reservoir 

[39-40]. Examining the seismic sections as a whole can 

help determine the broad pattern of structural 

characteristics of interest before beginning any 

detailed seismic interpretation work [41]. The seismic 

polarity for used data reflects a normal polarity, 

where the increasing of acoustic impedance gives a 

peak and the decreasing gives a trough. The seismic 

signature is defined and started from the created 

synthetic seismogram (Fig. 3) and continued across 

the area according to the expected and possible 

variation of the geological factors such as lithology.  

Seismic sections were interpreted in terms of horizons 

(AR-A, AR-G, Bahariya, Alamein, AEB-III-E, Masajid, 

and Khatatba) and faults segments were picked. Two 

composite seismic sections (Figs. 4a and b) are 

represented to illustrate the seven picked horizons 

and detected faults. It is noted that fault number F1 is 

repeated four times crossing the composite seismic 

since this composite seismic section is nearly zigzag-

like and Fault F1 intersects the composites section at 

four positions. These selected seismic sections pass 

through the available wells, to facilitate and control 

the picking process. The first composite seismic 

sections are mainly oriented E-W (Fig. 4a) and the 

second composite seismic sections are mainly 

orientated N-S (Fig. 4b). The picked AEB III-E top is 

nearly horizontal to gently dipping. Four normal high 

dipping faults (F1, F2, F5, and F7) are detected and 

two of them (F1 and F2) are the main faults crossing 

the picked top. 

The isochronous map of the AEB-III-E top 

generated using its two-way time (TWT) values which 

displays that the highest value is 1545 ms is existed in 

the southeastern part of the area, while the lowest 

value is 1650 ms is existed in the southeastern and the 

northern parts (Fig. 5). The time depth relation of the 

J-1X well is used to convert the isochronous map into 

a depth structure contour map on the top of the AEB-

III-E Member. The depth map at the top of AEB-III-E 

Member shows that the highest value -7940 ft is 

located in the southeastern part of the area, and the 

deepest value -8420 ft is located in the southeastern 

and northern parts of the area (Fig. 6). 

As shown in Figures (5 and 6) the linkage area 

between the fault segments F1 and F5 is graben 

where F1 throws to the south while F5 to the north. 

The same is for the linkage area between F2 and F7 is 

mostly graben except at the northern part of the 

linkage area which rises to form a pattern like relay 

ramps. Four faults dissect the top with a main trend of 
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NW-SE. Fault F1 is throwing to the SW. Faults F2, F5, 

and F7 are throwing to NE. The combination of these 

faults forms a horst. For example, faults F1 with F2 

form horst in the middle part. These horsts may 

constitute the most petroleum traps in the area. The 

major two normal faults (F1-F2) are trending NW-SE 

bound the structure in the middle and the southern 

producing horst block shifting the highest point to the 

southern part. The major two normal faults (F1-F2) 

are trending NW-SE and bound the structure in the 

middle and the southern producing horst block 

shifting the highest point to the southern part.  

 

 

(a) 

(b) 

Figure 4. Interpreted East-West composite seismic section passing through boreholes AMAN-21, 28, 17 and J-1X 

(a) and North-South composite seismic section passing through boreholes AMAN-3X, 13, 17 and J-1X (b). 
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The borehole data of the studied wells and the 

thirty seismic sections derived from a 3D seismic 

volume are integrated to construct a 3D structural 

model.  The 3D seismic structural modelling technique 

passes through the three steps in the workflow shown 

in Figure (7). This model represents a general view of 

the subsurface lateral and vertical configuration of the 

studied AEB reservoir (Fig. 8). It represents the 

configuration of the AEB Formation top between 

faults F1 and F2 which constitutes the extension of the 

horst shown upward and downward. The well J-1X is 

located in the fault F1 upthrown side and penetrates 

the AEB Formation top at the highest area of the F1-

F2 horst block. It also shows that fault F7 is shifted to 

the north and bounds the lowest part of this top. The 

model highlights the structural features on the tops of 

studied formations and shows clearly the magnitude 

of fault throws.  

4.2. Well logs analysis 

The normal logs of the caliper, bit size, GR, PEF, 

density, neutron, and resistivity in the eight wells are 

used for the formation evaluation of the studied AEB-

III-E reservoir. The petrophysical parameters 

estimated from the well-log analysis are shale 

content, porosity, lithology, and water saturation. The 

procedures used for well-log interpretation are based 

on equations and charts of Schlumberger, [42; 43] and 

Bateman, [44].  

The well log analysis is summarized as a workflow 

based mainly on the equations and charts of Archie, 

[45]; Schlumberger, [46]; Dake, [47]; Dresser Atlas, 

[48] and Crain, [49] (Fig. 9). The workflow starts with 

well log data input, editing basic well log analysis and 

finally, the formation evaluation. The basic well log 

analysis steps start from the estimation of shale 

volume from the gamma-ray log, and porosity from 

the density-neutron logs combination. The porosity is 

corrected for shaliness to estimate the effective 

porosity which is used to calculate the water and 

hydrocarbon saturation. Finally, the initial oil in place 

is calculated. The well-log analysis reflected that the 

AEB-III-E Member consists mainly of sandstone with 

siltstone zones and shale zones which is a suitable 

environment for hydrocarbon accumulation. The AEB-

III-E is underlie the AEB-III-D where its bottom shale 

acts as cap rock (Fig. 10). 

The AEB-III-E Member plays a promising reservoir 

in several areas of the Western Desert [6; 50]. There 

is no hydrocarbon potentiality in the AEB-III-E 

Member in the J-1X well and this is contrary to 

expectations in the concession under study. The 

analysis shows that AEB-III-E Member has about 362 

ft reservoir thickness with porosity of about 16 % and 

water saturation near 100 %. The analysis shows that 

there is no hydrocarbon potentiality (Fig. 10). In 

addition, this well is not produced from this reservoir 

which has good petrophysical characteristics as 

mentioned above, this is another piece of evidence. 

Therefore, it is necessary to re-study from another 
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Figure 5. Isochronous map on top of AEB III-E. 

Figure 6. Structure contour map on top of AEB III-E. 

Figure 7. Workflow used for constructing the3-D 

structural model of AEB Formation. 

Figure 8.  3-D structural model of AEB Formation. 


