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ABSTRACT

The present work is mainly concerned with the evaluation of oil prospects in Siwa area for being a virgin, unexplored and unleased area compared with other parts of Egypt. The GPC-drilling activities in the study area started by the parametric Siwa-1 well in July 1969. This well was proceeded by all other studied wells: El Basur-1, Kohla-1&2, Gibb Afia-2, Zeitun-1, Bahrein-1&2, and El Desouky-1. The Gibb Afia-1 well was drilled earlier by Sapetco in the years 1955 and 1956.  

A total of 1200 ditch and core samples were selected from 10 GPC-wells in the Siwa area. The aim was to define the stratigraphic succession and structural elements of the area in addition to discuss the nature of sediments and potential reservoir rocks. The study also describes the lithologic characters of gas-and-oil-bearing beds of Cretaceous-Tertiary age and their faunal and floral contents.
The present study showed that the sedimentary cover in Siwa area, as elsewhere in the Western Desert, was subjected to four major geotectonic cycles during the Paleozoic, Mesozoic and Cenozoic events. Within the Caledonian cycle the deposits of Cambrian to Silurian age were accumulating in troughs of subsiding platform area, where they were mostly represented by terrigenous materials. Most of these deposits were laid down in a brackish water environment. 

During the Hercynian cycle of development the platform area continued its subsidence, where a transgressive phase of marine deposits started to be more pronounced than in Silurian time. Dark grey shales of Carboniferous age are widespread in the northern Western Desert. The cycle included also deposition of Devonian sediments as well. Nevertheless, at the close of this cycle shallowness of the basin took place, where Permian deposits are scarcely recognized in northern Western Desert. 

Generally, the Paleozoic was marked by the occurrence of differentiated dislocations, but obviously they were in the form of block movements. The emergence and formation of horsts, grabens and near fault monoclines is probably related to them. The initial block-faulting and structural plan that was formed by the end of Paleozoic appears to be reconstructed and complicated due to a number of successive tectonic movements.

The general features recognized in the Mesozoic cycle are the continuation of shallowness of the depositional basin, and the marine regression that resulted in moving the shoreline of this basin northwards. Thus the Triassic deposits are not known to occur neither in northern Western Desert nor in the Siwa area.

Jurassic deposits again show transgressive phase, and represented by shale, limestones as well as by sands indicating the deepening of the depositional basin during that time. 

The Cretaceous formations point out to a wide sea transgression and subsidence of the platform. The Lower Cretaceous is characterized by clastic deposits, while carbonates predominate in the Upper Cretaceous.

The Laramide tectonic movement acted intensively at the close of the Cretaceous time. This tectonic movement caused pronounced changes in the northern Western Desert, especially affecting the deposition of the Paleocene and the structural development of the pre-existing deposits.

The boundary between Mesozoic and Cenozoic is characterized by the active manifestation of block-faulting and folding movements and configuration of Pre-Cenozoic structures. Accordingly, the angular unconformities are recorded almost everywhere in the Siwa area between the Cretaceous and Tertiary sediments. The boundary is marked by fading of throws along the majority of faults. 

Early at the Cenozoic cycle, the compressional forces that acted during the Cretaceous resulted in folding of older strata, which are clearly pronounced in the latest deposited ones. Many local folds and flexures were developed in a general NE - SW orientation (Syrian Arc System). The resulted uplift structures acted as islands in the Paleocene depositional basin. Therefore, the Paleocene deposits are limited in the Siwa area.    

The Eocene marine transgression covered most of the northern Western Desert. This resulted in the deposition of carbonates and shales of typical deep marine facies in most of the northern Western Desert, at least till the Middle Eocene. By the close of Middle Eocene time, uplifting of the land started, regression of the sea commenced, and Upper Eocene deposits were mainly restricted within the Western Desert to its northern part. 

More regression of the sea took place during the Oligocene time. The land area was subjected to denudation, while the northern Western Desert received Oligocene deposits represented by shales and sands. 
In Miocene time, the Western Desert was acting still as a normal part of a platform area. The Miocene deposits in the northern Western Desert are represented by sandstones and limestones with shale intercalations. 
In general, the Phanerozoic sedimentary section comprises several megacycles of sedimentation. Each of them started with the deposition of clastic sediments and terminated by deposition of carbonates. The first megacycle covers Paleozoic, the second Jurassic, the third Cretaceous and the fourth Cenozoic sediments. Boundaries of sedimentation basins and emerging land were more than once changed. 
The Siwa area was subjected to serve tectonic events due to its location in the Unstable Shelf area. From the Paleozoic until the Cenozoic, the area subjected to faulting and many of the faults were being rejuvenated from time to time. 

Structurally, eleven major normal faults were detected, as a result of which the Siwa area was dissected into a set of horsts, grabens and step blocks. Two major clysmic trending grabens and one Aqaba trending graben were recognized, in addition to one local N-S trending horst.

The thickness relationships of the faulted units indicate that the majority of these faults started acting in the Paleozoic, they were rejuvenated from time to time and many of them have been still active until as late as the Cenozoic.        

Stratigraphically, the Cretaceous – Tertiary sedimentary successions, in the studied wells, are subdivided into seven lithostratigraphic units; three units related to the Tertiary namely Marmarica Formation (Middle Miocene), Mamura Formation (Lower Miocene) and Apollonia Formation (Paleocene – Middle Eocene); and four units to the Cretaceous namely Khoman (Chalk) Formation (Campanian – Maastrichtian), Abu Roash Formation (Turonian), Bahariya Formation (Cenomanian) and Burg El Arab Formation (Lower Cretaceous).

The Marmarica Formation (Middle Miocene), is made up of an upper, limestone member and lower member of highly fossiliferous, limestones with some shale intercalations. The formation is also present in the subsurface of the Siwa area and represented by limestone with few bands of shale. The limestone is reefal and highly fossiliferous. The faunal assemblage suggests offshore marine deposition in reefal conditions. 

The underlying Mamura Formation (Lower Miocene) consists of highly glauconitic, argillaceous limestone, with some clay interbeds. Toward the north, in Kohla area, the formation is composed of vuggy, crystalline dolomite. 

The Mamura Formation is underlain by the Apollonia Formation (Paleocene – Middle Eocene). The Eocene part of the formation is represented by shallow reefal facies with abundance of Nummulites sp., while open marine deposits with planktonic foraminifers characterize the lower part. The Middle Eocene section consists predominantly of nummulitic limestone and highly calcareous shale. 

The Paleocene section is usually composed of limestone alternating with thin layers of shales especially toward the deeper parts of the basin. The succession shows the transitional characters of the Upper Cretaceous – Tertiary regression.

The Khoman (Chalk) Formation (Campanian – Maastrichtian) consists of chalky limestone, partly argillaceous, with few chert bands and containing few sand streaks at the base. The chalky limestone points to deep marine sedimentation as a result to Upper Cretaceous marine transgression.  

In the southern part of the study area, the Khoman Chalk is unconformably underlain by the Turonian rocks of the Abu Roash Formation that is composed of coarse grained, subangular, fairly sorted sandstone. At Siwa Oasis, the formation is built up typically of limestone and dolomite. The limestone is finely crystalline, fractured, partly vuggy, and occasionally with calcite crystals in cavities. 
In the northern and northeastern part of the Siwa area, the formation is composed of soft and slightly calcareous shale that intercalated with argillaceous limestone. In El Basur area, the lithology reflects a nearshore to very shallow shelf environment, with a subsequent efficient fresh-water circulation.      

The underlying Bahariya Formation (Cenomanian) is composed of very porous (total porosity up to 30 %) sandstones, with high contents of ores (hematite, magnetite, leucoxene, pyrite), and heavy minerals (tourmaline and rutile). The intercalated shale is brownish red with numerous hematite and magnetite inclusions, indicating oxidizing conditions in the depositional environment.

The Bahariya Formation is underlain by the Burg El Arab Formation in Siwa area and consists of two members: Kharita Member (Albian) and Dahab Member (Aptian). The former is composed of moderately to well sorted, medium to fine quartzarenite at the southern parts and becoming glauconitic at the northern parts. The Dahab Member consists of coarse to medium crystalline dolomite with quartz sand grains. 
Biostratigraphic study is carried out on the investigated samples of different wells. The results are mainly based on the planktonic and benthonic foraminifers, while ostracods and palynoflora were used only for barren intervals. A total 13 biozones were recognized in the present study. These include the following biozones:

Borelis melo Zone                                              Middle Miocene (Serrvalian) 

Miogypsina intermedia Zone                              Early Miocene (Burdigalian)

Truncorotaloides rohri Zone                           Middle Eocene (Late Lutetian)

Turborotalia bullbrooki Zone                      Middle Eocene (Middle Lutetian)

Nummulites gizehensis gizehensis Zone      Middle Eocene (Middle Lutetian)

Morozovella aragonensis Zone                        Early Eocene (Late Yepresian)

Morozovella formosa-M. subbotinae Zone    Early Eocene (Early Yepresian)

Morozovella velascoensis Zone                                                Late Paleocene
Gansserina gansseri Zone                                              Middle Maastrichtian
Globotruncana tricarinata Zone                   Late Campanian - Maastrichtian 

Discorbis turonicus Zone                                                          Late Turonian 

Thomasinella fragmentaria - T. punica Zone                              Cenomanian

Choffatella decipiens Zone                                                                     Aptian

Regarding the hydrocarbon potentiality in Siwa area, the Cretaceous sediments are characterized by the diversity of physical and geographical conditions of sedimentation. They are marked by the combination of open marine facies with the nearshore marine, lagoon, paralic and continental conditions. Two rhythms are defined; each of them starts by the terrigenous sedimentation, variable from continental to marine conditions and terminates by carbonate deposition. The first is represented by Neocomian – Aptian; and the second by Albian – Maastrichtian. 

Physical and geochemical properties of the Cretaceous rocks are favourable for oil and gas generation and accumulation. Bands of alternations of granular reservoirs with clayey rocks in Neocomian – Aptian series are distributed throughout except upper part of Aptian; in Albian – Santonian, they prevail in Aptian and lower part of Cenomanian; in Campanian – Maastrichtian, they are practically absent. Carbonate reservoirs are characterized by jointed properties that associated with tectonic jointing and limestone dolomitization. 

The potential properties of sediments vary in the Siwa area depending on lithofacies composition and zonation. The least favourable sediments are recorded in the extreme parts of the studied area. 
As the Cretaceous sediments in the Siwa area are buried in depths varies between 360 m and 2016 m, therefore, they are deposited almost in the extreme depth level below which oil and gas generation starts. Accordingly, the clayey sulphidic and sulphidic-sideritic reducing facies can be regarded as oil producing. However, oil producing Cretaceous sediments in the study area to be rated as low.

The Tertiary sediments, in the Siwa area, is mainly composed of carbonate rocks. The source properties of such rocks are considered less than those of clayey rocks. In the majority of the studied wells, they are deposited in depths, where their properties do not manifest themselves. Accordingly, there is no ground for defining their occurrence as oil producing sediments.         

Two water bearing assemblages are differentiated in the Cretaceous – Tertiary sedimentary cover of the study area: Neocomian – Aptian and Albian - Cenomanian.  Granular reservoirs take part in their composition. The Santonian – Turonian, Campanian – Maastrichtian, Eocene and Miocene limestone formations posses the properties of water bearing assemblages scattered, in the zones of joining and dolomitization.

Formation waters move mainly from south to north. There is a distinct regularity in salinity and composition variation of formation waters. Such regularity is characteristic for infilterational water exchange.
The present data showed that the most favourable conditions for preservation of carbonaceous (hydrocarbons) accumulations in Albian – Cenomanian are only near the northern part of the Siwa area. Due to the absence of upper water barrier, conditions for preservation of carbonaceous accumulations in Neocomian – Aptian water bearing assemblage are poorly favourable.
Regional water barrier (Upper Eocene and Oligocene shales) appears north of Gibb Afia and El Basur areas overlying the carbonaceous sediments of Upper Cretaceous and Lower Tertiary. The presence of shaly beds and bands is traced at the same time in Santonian – Turonian. However, in case there are calcareous rocks with good reservoir properties in these areas, the traps connected with these rocks will be regarded as favourable for preservation of oil and gas accumulations.

Concluding Remarks And Recommendations
1. The Siwa area remains the least explored area in the northern part of the Western Desert of Egypt. Continued exploration for hydrocarbons in that area is certainly needed for being a virgin, unexplored and unleased area compared with other parts of Egypt.

2. Since the sedimentary succession in Siwa area represents deposits of marine origin, capable of originating oil and trapping it, thus the present carbonates, largely or exclusively making most units of the Cretaceous and Tertiary systems, seem to be qualified for hydrocarbon generation and entrapment.

3. Owing to the importance of carbonates as a source rock for hydrocarbon and based on the geochemical data, giving the proper conditions, carbonate rocks of the present area may surpass the traditional shale as a source rock for hydrocarbons.

4. Although source rock analysis has indicated no better than a marginal immature organic matter for oil-and-gas in the Cretaceous and Tertiary limestones of the studied wells; yet these wells have penetrated but limited part of the varied and diverse facies of these limestones. Therefore, it is expected that better source rock conditions may have existed elsewhere in such a vast sedimentary basin as the number of drilled wells is relatively few.

5. Since the northern Western Desert, including Siwa area, lies within the Unstable Shelf of the Egyptian platform, the entrapment capacity of the carbonates is favoured by their deformation due to tectonic movements.

6. The geophysical tools, previously used for exploration, were not up to the accuracy needed; this could explain the failures in locating perfect closures of the structure in the Siwa area.

7. In general, the Western Desert of Egypt has enormous oil potential and many promising areas, such as Siwa area, await detailed examination, as approximately 90 % of oil and 80 % of gas reserves await discovery. 
