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 مصر -خلیج السویس -بحقل خلیج الزیتى یة لخزان الكربونات المیوسینائبعض الخصائص البتروفیزی

لحقـل خلـیج الزیـت لإحتوائـه ى المنحـدر الغربـى فـى المبكـر هـو الخـزان الرئیسـ عصـر المیوسـین مـنرودیـس)  –یعتبر خزان الكربونات (سحنة كریم  الخلاصـة:
الحافـة الغربیـة ى تقـع علـى والتـى جكتـل الصـدوع المتدرجـة الناشـئة مـن الشـد الخـار ى هذه الكربونـات وتطـورت علـ قد ترسبت. و ىصل% من المخزون الأ٥٠ى عل
ض عـتحلیل العینات الإسـطوانیة و المشـاهدات البتروجرافیـة و كـذلك بى وصف خواص خزان الكربونات المیوسینى إعتماداً على وتهدف هذه الدراسة إل  .خسفلل

 یة. ائالحسابات البتروفیزی
ســـطوانیة أن خـــزان ات الأینـــســـتخدام المعلومـــات المتاحـــة مـــن التســـجیلات الكهربائیـــة و العاتمـــت بى التـــ ،یـــة و البتروجرافیـــةائو قـــد تبـــین مـــن الدراســـات البتروفیزی 

المنحـدر الغربـي. و تلـى ى تشـكلت علـى هیئـة طبقـة منفصـلة علـى و التـى طبقـة الحجـر الجیـر ى عدة نطق حیث یمثل الجزء العلـو ى الكربونات یمكن أن ینقسم إل
نطـاقین، حیـث یتمیـز النطـاق ى . و تنقسـم طبقـة الـدولومیت إلـىاشئة عـن عملیـة الإحـلال الكیمیائیـة لطبقـة الحجـر الجیـر طبقة الدولومیت النى طبقة الحجر الجیر 

م و ل الیورانیـغـناتجـة عـن تغلشـعة جامـا بكمیـة عالیـة أیتمیـز بوجـود ى النطـاق السـفلیتمیـز شـعة جامـا. و أالأنهیـدریت ذات الإشـعاع القلیـل مـن طبقـة بوجود ى العلو 
 .ىالنوبى الناتج من عملیة التعریة لمتكون الحجر الرملى و وجود الحجر الرملرات الدولومیت داخل بلو 

ABSTRACT:  The Kareem/Rudeis Carbonate reservoir of Lower Miocene time represents the main reservoir in the 
western flank in Zeit Bay Oil Field, containing approximately 50% of the total hydrocarbon reserves. The carbonate 
platform developed upon the extensional tilted fault blocks located on the western rift margin.  
This study aims to evaluate the reservoir characteristics of the Kareem/Rudeis carbonate reservoir based on core 
analysis, petrographic observations and petrophysical determinations. 
Petrographic analysis and petrophysical investigations of these carbonates, using the available electric logs and core 
data, show that the carbonate facies can be distinguished into several litho-facies. The upper part is a limestone body 
which is developed as separate mound along the western flank. The dolomite facies which underlies the limestone and is 
considered as a secondary dolomite derived by the diagenetic dolomitization processes on the originally deposited 
limestone. This dolomite facies can be subdivided into two zones according to the log response and cuttings description. 
The upper one is characterized by the presence of an anhydrite content with low gamma ray. The lower dolomite is 
characterized by a relatively high gamma ray which is caused by incorporation of uranium into dolomite crystal lattice 
reflecting somewhat different chemistry of the dolomitized fluids than the overlying low-gamma dolomite, and presence 
of sand which was reworked from the underlying Nubia Sandstone Formation. 

INTRODUCTION
The purpose of this study is to evaluate the 

reservoir characteristics of Kareem/Rudeis carbonates 
reservoir in Zeit Bay oil field, based on core analysis, 
petrographic observations and petrophysical 
determinations. 

The Zeit Bay oil Field is located in the south 
western margin of the Gulf of Suez, some 65 km north 
of Hurgada, and 100 km south of Ras Gharib (fig. 1).  

It is situated generally in shallow water (about 20 
meter depth), while a part of it extends to the Ras Bahar 
peninsula.  

The field consists of a heterogeneous multiple 
reservoirs where it has oil contribution from different 
reservoir units ranging in age from Pre-Cambrian 
fractured Basement rocks to middle Miocene Hammam 
Faraun carbonates. The field contained oil reserves 
estimated, in 1984, at in excess of 600 million barrels in 
place. The reservoir layers consist of different reservoir 
rock types which are hydraulically communicated. The 

Kareem/Rudeis carbonate reservoir is volumetrically the 
largest reservoir unit in the field, containing 
approximately 50% of the total reserves, (Sultan et al., 
1985).  

The sub-surface Miocene in the Gulf of Suez 
region is generally subdivided into two main 
depositional phases. An early clastic and carbonate 
phase (includes Nukhul, Rudeis and Kareem 
Formations), overlain by predominantly evaporite phase 
(includes Belayim, South Gharib and Zeit formations). 
The stratigraphic sequence of the field, (fig. 2) ranges in 
age from Pre-Cambrian Basement complex to Recent 
sediments. 

The Kareem Formation is generally attributed to 
the Gharandal Group of the Middle Miocene age. In the 
Zeit Bay oil field, the Kareem Formation is overlain by 
the Belayim evaporites and is underlain by the Basal 
Sandstone (of Lower Miocene and Pre-Miocene age) 
and Basement rocks (weathered and / or fractured).   
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        The field structure is a NW-trending horst-like 
anticline with a faulted margin. In map view, (fig. 3), it 
plunges toward the northwest and the southeast, 
(Chawdhary, L. R., Said, T., 1988).  

In cross section view, (fig. 4), it represents a SW-
tilted block of Lower Miocene older rocks. 

RESERVOIR DESCRIPTION OF 
KAREEM/RUDEIS CARBONATES 

El Hilaly, H.; and Darwish, M., 1986, examined 
the core samples from some selected wells covering the 
complete section of the Kareem/Rudeis carbonates in 
the studied area where they concluded that these 
carbonates include a wide variety of lithofacies groups, 
(fig. 5), starting from top to bottom as follows;  
1- Packstone (fossiliferous limestone), represents the 

main limestone group recorded in several wells 
drilled in the studied area.  

2- Wackstone (algal dolostone),  
3- Anhydritic wackstone (anhydritic algal dolostone)  
4- Anhydritic sandy wackstone (anhydritic sandy algal 

dolostone).  
The depositional environment of these carbonate 

facies is interpreted as open marine water due to the 
presence of corals, molluscs and coral algal specially in 
the lower part of the section, (Harms and Brady, 1986). 
The dissolving of these faunal remains assemblage had 
led to the concentration of uranium minerals in the 
lower part.  

The early diagenetic stages (pen-
contemporaneous compaction, pressure solution and 
cementation) affect to a great extent in reducing the 
available pore space. On the other hand, the late 
diagenetic and epigenetic stages (ex.: dolomitization) 
are responsible for increasing the reservoir quality 
(both porosity and permeability parameters). Filling 
processes by anhydrite, calcite and/or silica may reduce 
the reservoir quality especially before hydrocarbon 
migration and filling. 

The log response for the above mentioned 
lithofacies can be seen in figure 6. The lower part of 
Kareem/Rudeis carbonate sequence in the southwestern 
part of the Zeit Bay field, (Zone IV),  is characterized 
by a relatively high gamma ray which is caused by 
incorporation of uranium into dolomite crystal lattice 
reflecting somewhat different chemistry of the 
dolomitized fluids than for the overlying low gamma 
dolomite. This part is characterized also by high 
density and low porosity due to the filling process by 
anhydrite. Permeability, as shown in (fig. 6) on the 
core permeability track, is relatively lower than the 
upper dolomite zone ranging from 1 to 70 millidarcies. 
The dolomite facies is considered as a secondary 
dolomite derived by dolomitization processes from the 
originally deposited limestone. The original limestone 
body was exposed to dolomitization processes which 

interpreted due to geochemical hypothesis by ground 
water effect, (Hanshaw, et al., 1971). 

The upper part of the dolomite section, (zone III), 
is characterized by a low gamma content, low density 
and high porosity. The permeability as indicated from 
core data is relatively higher than the lower dolomite 
zone ranging from 100 to more than 400 millidarcies. 
This zone has the best reservoir quality comparing with 
the other carbonate zones. 

 Zone II is considered as the transition zone 
where is it subjected to the least degree of 
dolomitization process, and described as dolomitic 
limestone. As indicated from the log, (fig. 6), it has a 
relatively higher gamma ray, low porosity and low 
permeability. 

Porosity/Density cross plots allowed identification 
for the above mentioned lithofacies, (fig. 7). The 
uppermost zone (Zone I) is low porosity limestone 
described in the thin section as Wackstone-Packstone 
foraminifera limestone. Zone II is identified on the 
cross plot as dolomitic limestone of better reservoir 
parameters than Zone I. This zone is described as algal 
dolostone. Reservoir Zone III is clearly identified on 
the porosity/density cross plot as anhydrite dolomite 
and described on the sedimentological cross section as 
anhydritic algal dolostone. The fourth reservoir sub 
zone is the most porous, high gamma ray dolomite and 
described as anhydritic sandy algal dolostone in the 
sedimentological thin sections. 

PETROPHYSICAL EVALUATION 
The purpose of log analysis is to obtain an 

accurate description of the subsurface formations from 
the log measurements. Various empirical methods have 
been used in the past. Several interpretation programs 
were used over the last 30 years, but they could not 
resolve the complex lithology recorded and the log data 
to be interpreted through the use of constraints, 
reflecting geological and local knowledge. With the 
advent of modern logs and greater number of 
measurements available, empirical methods can no 
longer be used. 

A more systematic approach is necessary, such as 
the used in the ELAN program. This program gives a 
quantitative determination of porosity, hydrocarbon 
saturation and mineral volume fractions. It is based on 
the minimization of the differences of the actual and 
reconstructed log readings for the mineral/ fluid model 
chosen. Both linear and non-linear tool response 
equations for the various tools are built into the 
evaluation package. Hydrocarbon corrections to the 
density and neutron tools including the neutron 
excavation effect are handled automatically. All the log 
data in this program can be used simultaneously; any 
number of minerals can be incorporated into the model 
and statistical measurement errors of the logging tools 
can be accounted for, (Schlumberger, 1997).  
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A- Wackstone-Packstone
(Foraminiferal Limestone)

C- Anhydritic Wackstone - Algal
Dolostone (Low Gamma Ray)

D- Sandy Wackstone – Algal
Dolostone (High Gamma Ray)

B- Wackstone (Algal Dolostone)

Fig. 5 Thin Section Photographic Characters of Kareem/Rudeis 
Carbonates  (After H.El Hilaly & M. Darwish, 1985)
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Fig. 6  Log Response & Core Permeability For Kareem 
Carbonate Facies, Well # 3, Zeit Bay Oil Field. 
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Fig. 7 Neutron-Density Cross plot For the Kareem Carbonates
In Zeit Bay Oil Field
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The output of ELAN software is included in the 
log presentation, (figure 8). The first track in this 
presentation, from the right, represents the core 
permeability curves, (both horizontal and vertical). The 
second track is the neutron density curves. The third 
track is the total formation volume derived from 
ELAN, including the lithology, (minerals), and fluid 
content, (water, gas and hydrocarbon). The fourth track 
represents the gamma ray with the uranium content as 
well as both core porosity and core grain density in the 
section.  

The total formation volumes derived from ELAN 
software for several wells in the studied area were 
constructed and correlated together with the available 
log data and core permeability data (both horizontal 
and vertical permeability), (fig. 9). This reveals the 
lateral extension of the different zones along the line of 
correlation. Porosity, permeability and hence the fluid 
distribution are varied laterally depending on the 
degree of dolomitization and the anhydrite content. 
Computation of Water Saturation: 

Besides porosity and mineral fractions 
computation, the main objective of log analysis is to 
calculate water (and hence hydrocarbon) saturation. 
This is usually done from Resistivity measurements. 
Archie, (1942), was the first to put forward an 
empirical equation relating the formation factor, 
derived from resistivity, to porosity and saturation, 
expressed by the well-known equation; 

Sw = {F.Rw / Rt}1/n  (1) 
where; 

 Sw  is the water saturation, 
 Rw  is the water resistivity, 
Rt  is the true resistivity  
n  is the index of saturation  and 
F is the formation factor which is a function of 

porosity Ø, usually written as: 
F =   a / Øm          (2) 

where; 
Ø is the porosity, 
a is fraction multiplier = 1 
m is the  cementation factor.  
For Archie, a =1, and m varies as a function of 

grain size and distribution or as function of the 
complexity of the channels linking the pores. For 
carbonates with good porosity, as in the Zeit Bay 
carbonate reservoir, the values of both a and m are 
generally taken to be 1 and 2, respectively.  

The values of a and m can be determined by 
crossplots of the true formation resistivity, in water 
bearing zones where Sw = 1, versus the formation 
porosity based on Archie equation. 

The availability of extensive core data has 
allowed better determination of porosity exponent "m", 

which is sometimes referred as "cementation exponent, 
depending on the type of porosity, usually ranging 
between 1.5 and 2.2, respectively. 

RESERVOIR POTENTIAL 
Dolomitization occurred in the lower part of the 

carbonate section in the field improved reservoir 
permeability simply because of the larger pore size, 
and the effectiveness of their connection. Permeability 
varies with depth (< 1 to > 400 mD). Small scale 
heterogeneities in texture inevitably mean that 
permeability will also change rapidly away from the 
sample point. The cross plot of porosity-permeability 
data of this part, (fig. 10), shows a very broad scatter of 
porosity values for any given permeability. 

Porosity of the dolomite is mainly secondary. 
Harms and Brady, 1986, stated that early selective 
dolomitization of the mud and coralline algae resulted 
in the development of intercrystalline pore space which 
may be too fine to have enough permeability to be 
effective. They added that in some places, particularly 
in the high-gamma dolomite, the crystal size is up to 50 
microns and the intercrystalline pore space greatly 
enhances the reservoir properties. Although they 
mentioned that the high-gamma dolomite is more 
porous than the overlying low-gamma dolomite, this 
observation is not clear on the neutron-density log, (fig. 
7) and in ELAN interpretation, (figs. 8 & 9), where the 
porosity in the lower part, indicated from the neutron 
curve, seems to be lower than the upper part. 

CONCLUSION 
Kareem/Rudeis carbonate reservoir in the Zeit 

Bay oil field was investigated petrophysically and 
petrographically using the available core data and wire-
line logs. This reservoir can be subdivided into several 
lithofacies from bottom to top; a lower high-gamma 
ray dolomite, an overlying low-gamma ray dolomite 
and a limestone unit along the western margin of the 
field. 

Reservoir properties of the Kareem/Rudeis 
dolomite, as indicated petrographically and petro-
physically are very good. The porosity ranges from 15-
30% and permeability generally in the range from 1.0-
400 millidarcies.  

Kareem/Rudeis limestones are poor reservoir due 
to early shallow marine and vadose cementation and 
internal sedimentation. 
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	According to the previous geological works, the stratigraphy of the investigated area  was differentiated by many authors such as Shukri and Ayouty (1956),  Shata (1956), Said and Beheri (1961),  El Fayoumy (1968), Shata and El Fayoumy (1970), El Shaz...
	The area east of the Nile Delta is occupied by Quaternary and Tertiary deposits.  They have a thickness of 400-900m (Hefny, 1980). El Salhyiah area is covered by Quaternary deposits consisting of young aeolian sediments at the top and old deltaic depo...
	According to Sallouma (1983), Gad (1995) and Dahab, et al. (2007), the main aquifer in the area is formed of Quaternary deposits (sand, sandstone, clay and shale). The clay and shale separate the aquifer into an upper unit and a lower one such that th...
	FIELD SURVEY
	Two geoelectrical measurements are applied; the first is Vertical Electrical Sounding (VES), the second is Two-dimensional electrical resistivity imaging (2-D), Figure (1).
	a- Vertical Electrical Soundings (VES):
	The area was covered by a total of 10 Vertical Electrical Soundings (VES) (Fig. 1). The Schlumberger 4-electrode configuration was applied, where the maximum current electrode separation (AB/2) used was 700 meters. The D.C. resistivity meter (Terramet...
	b- Geoelectrical imaging (2-D) :
	The geoelectrical imaging (tomography) survey has been applied along three profiles 2-D N0.1, 2-D N0.2 and 2-D N0.3 at locations of VES. 9, VES.6 and VES.10 respectively, with a profile 460-m in length. The main objective of conducting such a techniqu...
	Fig. (1): Location map of the VES stations, Well, 2-D geoelectrical resistivity imaging and the geoelectrical cross sections in El-Salhyiah El-Gedidah
	INTERPRETATION AND RESULTS
	1- Groundwater Exploration:
	a- Interpretation of the Vertical Electrical Sounding Data:
	Figure (2) shows the resistivity sounding curves with different varieties: KQQH, QQQ, HK and AH types which have been carried out in the investigated site. From this figure, it is obvious that the apparent resistivity values at the surface and near th...
	The detailed quantitative interpretation of the field measurements was carried out by using a computer program “RESIST” written by Velpen (1989). It is an iterative and inverse modeling program for interpreting the resistivity curves in terms of a lay...
	The quantitative interpretation of the geoelectrical resistivity sounding data is discussed in terms of the geoelectrical parameters of the resulting geoelectrical zones i.e., resistivity and thickness. The resistivities are related to the lithology a...
	The vertical and horizontal extensions of the detected geoelectrical layers are illustrated as geoelectrical cross sections (A-A’) and (B-B`), figure (3) from north to south and (C-C`) and (D-D`) from west to east direction figure (4). The details of ...
	b- Interpretation of the imaging profiles :
	For the interpretation of the imaging data, use was made of the computer program RES2DINV, ver. 3.48a written by Loke (1998). Three imaging profiles were conducted at three sites. The first is close to VES N0.9, in a NE-SW direction, the second lies a...
	2- Groundwater Conditions:
	From the geoelectrical cross sections (Figures. 3, 4) and the geoelectrical imaging profiles (Figure. 5), it is obvious that groundwater occurrence in the investigated area could successfully recognize two main water-bearing layers; the upper one repr...
	The lower layer “B” is thick with much relatively higher resistivity values than the upper zone (more than 20 Ohm.m). The resistivity distribution within this layer reflects anomalous flow layers where the effect of recharging water has extended later...
	The groundwater potentiality of these layers in the area has been evaluated in view of the distribution of the electrical resistivity exhibited by the concerned layers. This has been achieved through isoresistivity maps for the water bearing layers in...
	may represent water occurrences, are localized at the southern part of the investigated area.
	The groundwater potentiality within the concerned layers increases by increasing the resistivity values due to increasing the density of the water saturation. On the other hand, the groundwater potentiality decreases by decreasing the resistivity valu...
	According to the resistivity distribution (Fig. 6), layer “A’ reflects degree of recharging water from drain canal that lies to the north of the investigated area and the infiltration water due to irrigation within the concerned layer increasing towar...
	Figure (9) shows the horizontal and vertical resistivity variations of the different layers and the impact of recharging resources on the water bearing layers in the investigated the area.
	SUMMARY AND CONCLUSIONS

	A geoelectrical study has been carried out with the purpose of detecting groundwater existence and delineating the relation between feeding resources and groundwater. Geoelectrical resistivity sounding and two-dimensional electrical imaging measuremen...
	The results of the geoelectrical resistivity sounding and geoelectrical imaging revealed that the subsurface succession in the area consists of three main layers without surface layer. The surface layer has a wide resistivity range which reflects a va...
	According to this study the following findings can be concluded:
	Generally, the resistivity values and the thickness of the water bearing layers are increasing toward the north direction in the study area and increasing the groundwater potentiality of water, and water quality.  The best site for production wells is...
	This study is an example which can be applied on large scale. Accordingly, reaching a decision for locating production wells needs carrying out further integrated geoelectrical studies to detect the sites with the best conditions, concerning thickness...
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