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ABSTRACT 

 

The main purpose of this paper is to identify the source rock capabilities ofRudeis and Kareem Formations 

by using fivewells which are scattered in the Rudeis Area, Gulf of Suez, Egypt. This study is accomplished by 

different open-hole well log data such as gamma-ray, density, sonic, resistivity and neutron which are the 

commonly used wireline logs to identify and quantify source rock. Several models depending on the well 

logging data were utilized to evaluate the source rock indicators as the organic content (vol %), the total organic 

carbon (wt %) and the discriminant function which differentiate between the source rocks and non-source rocks 

of the shale and shaly units of Rudeis and Kareem Formations in the investigated area. Also, the types of the 

encountered hydrocarbon were defined depending on the relation between the discriminant function and the 

hydrocarbon preservation. The distribution of the implicated organic materials was presented vertically in 

organo-source logs. This study showed that there is a high content of carbon in the studied formations but they 

have not the ability to produce the indigenous oil. The studied formations are considered as non source rock and 

the encountered hydrocarbon are treated as exogenous oil. 
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Introduction 

 

The Gulf of Suez rift basin is considered the most prolific oil province in Egypt in spite of claiming its post 

maturation stage (El Sharawy, 2012). More research up till now considers the geological, geophysical and the 

geochemical study for the Gulf of Suez. Gulf of Suez region has remarkable and distinguish-able geologic 

characteristics due to its geologic history and economic potentialities. At some localities, there are many 

structural features that reveal the implied rift tectonics and lead to the synthesis of the Gulf of Suez and the Red 

Sea. 

RudeisField is located on the eastern coast of the Gulf of Suez, about 25 km. north of Belayim Land Field, 

to the southeast of October and RasBudran Fields (Fig. 1). The studied rock units (Rudeis and Kareem 

Formations) are penetrated by five drill holes distributed in the area of study and lies at latitudes between 28º 

35\14\\ and 28º 36\ 29\\ N. and longitudes between 33º 07\59\\ and 33º 09\ 45\\ E. The evaluated wells are: 113M10, 

113M14, 113M17, 113M41 and 113M49 as shown in Fig. (1). 

A complete sedimentary sequence ranging in age from Pre-Cambrian to Recent was penetrated. Fig. (2) 

showsthe stratigraphic column of RudeisField, as well as the geologic events, which affected the deposition of 

the various Miocene rock units.Rudeis Formation sediments have a wide distribution under and on both sides of 

the Gulf of Suez, where they cover either conformably the Aquitainian sediments or unconformably the older 

rocks. The Burdigalian sediments are distinguished into two distinct facies (Ouda and Masoud, 1993): a) deep 

water clasticfacies deposited along the entire stretch of the Gulf of Suez basins, in which whose axes were more 

or less coincident with the axes of the present gulf, and b) shallow water carbonate facies with tendencies for 

reefal development toward both sides of the gulf. Rudeis Formation is represented by sandy shale and marl rich 

in foraminifera and nanofossils in its upper part and contact conformably with the underlying Nukhul 

Formation. 

The first evaporite phase (anhydrite) present in Kareem Formation is the Rahmi Member, which is present 

and attains its greatest thickness (400-500 ft.) on both sides of the central part, but within the gulf basin the 

Rahmi Member is absent or present as a very thin unit. The Shagar Member attains its maximum thickness 

along the southeastern side of the gulf that ranged from 620 to 770 ft.,(Ouda and Masoud, 1993). The Kareem 

Formation is absent at the northern entrance of the Gulf of Suez.  
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Source rocks are commonly shales and limestones that contain organic matter. This organic matter may be 

derived from aquatic organisms and bacteria or from land plants, which is commonly called kerogenous.The 

first step in this evaluation begins with showing qualitatively the effect of source rock which rich by organic 

materials on some specific types of logs such as; gamma-ray, neutron, density and sonic. The second step is the 

quantitative evaluation by calculating the shale volumes and identifying the source rocks, as well as 

discriminating the source rocks from the non-source rocks by using the sonic-resistivity or the density-resistivity 

combinations (Meyer and Nederlof, 1984). 

 

 
 

Fig. 1: Location Map and Distribution of Wells in the Study Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Generalized Stratigraphic Column of theGulf of Suez , (EGPC, 1996) 

 

Methods Of Study: 

 

Methods of study include volume of shale determination, source rock identification and application on the 

studied wells in the study area. 
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Volume of Shale Determination: 

 

Because of the content of organic matter, shale is considered as the optimum source rock. There are some 

serious problems due to the existence of shale in any formation such as the determination of the formation 

porosity and the contained fluid saturation(Abu El-Ata, 1984). Shale volume may be determined easily by one 

of three techniques. These are the gamma ray log, the resistivity log, and the density-neutron logs. The lowest 

value of shale volume will be used in the calculation, in order to minimize errors due to the possible existence of 

passive shale and radioactive sands(Hamada, 1996). 

 

Gamma-ray method: 

 

The gamma ray (GR) has been used as one of the independent shale indicators in the evaluation of shaly 

sand. This is principally due to its sensitive response for the radioactive materials normally concentrated in the 

shaly rocks. Shale volume, Vsh, is derived from GR response through different relationships.The following 

equation is used to determine the Gamma-ray index: 

minmax

minlog

GRGR

GRGR
IGR




        (1) 

Where, IGR is the Gamma-ray index.Then, the shale volume can be calculated from the gamma-ray index, 

by the following formulae (Dresser Atlas, 1982). 

- Older rocks (Paleozoic and Mesozoic), consolidated: 

 

Vsh = 0.33 [22*IGR
 1.0]       (2) 

 

- Younger rocks (Tertiary), unconsolidated: 

 

Vsh = 0.083 [23.7*IGR
 1.0]       (3) 

 

Accordingly, the second formula was applied in the present work. 

The presence of other radioactive minerals will cause the calculated shale volume to be too high. Therefore, 

it is not recommended to rely on gamma-ray only and go for another technique to determine the accurate shale 

volume.  

 

Resistivity method: 

 

It can be utilized to calculate the shale volume in case of high clay contents and low (Rt) values from the 

relation: 
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sh
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R
V         (4) 

 

If this ratio is more than (0.5) (i.e., 0.5  Vsh 1); then: 

 

Vsh (Rsh / Rt) = X       (5) 

 

If this ratio is less than (0.5) (i.e., Vsh 0.5); then: 
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        (6) 

 

where:  

Rsh is the resistivity log reading of a shale zone, 

Rcl is the resistivity log reading of a clay zone, 

Rtlog is the resistivity log reading for each zone, and 

B is a constant, ranging in value between 1 and 2. 
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Neutron method: 

 

It can be used for determining the shale volume in case of high clay content and low effective porosities, 

from the formula: 

X

sh
)N(Φ

log
)N(Φ

sh
V         (7) 

where:  

(N)log is the neutron log reading for each studied zone, and  

(N)sh is the neutron log reading in front of a shale zone. 

In this approach three values of shale volumes are produced, but the lowest value is considered the shale 

volume value. 

Then the different zones were classified into clean, shaly and shale zones according to the following bases.  

 -If Vsh< 10 %                  this means clean zone, 

 -If Vsh from 10 to 35 %   this meansshaly zone, and 

 -If Vsh> 35 %                  this means shale zone. 

 

 Source Rock Identification: 

 

Wireline logs can be used to identify the source rock qualitatively. Added to this, the quantitative 

determination of the total organic content (vol. %), total organic carbon (wt %) and discriminating the source 

rocks from the non source rocks. These premonitors will be helpful in defining the type of encountered 

hydrocarbons (Kenneth, 2010). 

 

Identification of source rocks on wireline logs: 

 

Gamma-ray, resistivity and density logs are the most important tools for identifying the source rock (Figs.3-

7). 

a- Gamma-ray logs: Gamma-ray reading from organic-rich rock is relatively higher than that from the 

ordinary shales and limestone. This is due to the presence of planktonics as well as the other organic founa 

which absorb the uranium ions from the sea water and concentrate in the source rock. This organic matter results 

in increasing of gamma-ray reading (Schmoker, 1979 and 1981). 

b- Resistivity logs: Both of shallow and deep resistivity is affected by the presence of organic matter in the 

shale by increasing of their values, because free oil occupies the pore and fracture system. Consequently, the 

resistivity of the source rocks increases by a factor of 10 % or more (Du Rochet, 1981). 

c- Density logs: Measurement of the density logs includes a combined effect of shale and the fluid density. 

Compacted shale which contain large amount of organic materials reduces the total bulk density( Smith and 

Young, 1964). 

d- Sonic logs: There are two cases according to the maturity of source rock. In case of immature source 

rock there is an increasing of sonic travel time, while there is a decreasing of travel time in mature source rock 

(El Sharawy, 2012 and Lindley, 1961). 

The qualitative detection for the source rock can be observed in the interval between 2440 to 2460 m. for 

Kareem Formation in 113M10 well while it can be shown through 2 intervals, the first  is between 2600 to 2640 

m. and the second is between 2680 to 2760 m. in Rudeis Formation in 113M10 well (Fig. 3). In 113M14 well, 

no observation for the presence of source rock in Kareem Formation while it can be detected through the 

intervals from 2940 to 3030 m. in Rudeis Formation (Fig. 4). The presence of source rock can be detected in 

Kareem Formation in 113M17 well for the interval which lies between 2540 to 2600 m. while in Rudeis 

Formation it can be observed through the interval which is between 2680 to 2720 m. (Fig. 5). Fig. (6) shows the 

existence of source rock in Kareem Formation for 113M41 well through the interval which lies between 2500 to 

2625 m. while in Rudeis Formation for the same well, no observation for the presence of source rock.  Also no 

traces are found for the presence of source rock for Kareem and RudeisFormations in 113M49 well (Fig. 7). 
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Fig. 3: Resistivity, Rock Density and Gamma Ray Electric Logs of kreem and Rudeis Formations in 113M10 

Well. 

 

 
 

Fig. 4: Resistivity, Rock Density and Gamma Ray Electric Logs of kreem and Rudeis Formations in 113M14 

Well. 
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Fig. 5: Resistivity, Rock Density and Gamma Ray Electric Logs of kreem and Rudeis Formations in 113M17 

Well. 

 

 
 

Fig. 6: Resistivity, Rock Density and Gamma Ray Electric Logs of kreem and Rudeis Formations in 113M41 

Well. 
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Fig. 7: Resistivity, Rock Density and Gamma Ray Electric Logs of kreem and Rudeis Formations in 113M49 

Well. 

 

Determination of the total organic content and total organic carbon: 

 

Two steps are used to evaluate the source, the first is the determination of the total organic content and the 

second is the calculation of the total organic carbon. 

a- Total organic content (ORG): The total organic content of the shale has been calculated for the five 

logged wells, using equation of the most popular model (Schmoker, 1981). This model can be appliedif there is 

a linear relationship between GR and density readings. The linear relationship is present for the wells 113M10, 

113M14 and 113M17 (Figs. 8, 9 and10) but it is not found in the wells 113M41 and 113M49 (Figs. 11 and 12). 

 

ORG = (ρb-ρ) /1.378                                                                         (8) 

 

Where:  

ORG is the total organic matter per volume (vol %)  

ρb is the bulk density of a compacted shale sequence has no organicmatter. 

ρ is the density log reading of the shale sequence within the studied units. 

This model is applied on 113M10, 113M13 and 113M17 wells. 

 

 
 

 

Fig. 8: Resistivity, between GR and Density for Kareem and Rudeis Formations in 113M10 Well. 
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Fig. 9: Resistivity, between GR and Density for Kareem and Rudeis Formations in 113M14 Well. 

 

 
 

Fig. 10: Resistivity, between GR and Density for Kareem and Rudeis Formations in 113M17 Well. 

 

 
 

Fig. 11: Resistivity, between GR and Density for Kareem and Rudeis Formations in 113M41 Well. 
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Fig. 12: Resistivity, between GR and Density for Kareem and Rudeis Formations in 113M49 Well. 

 

b- Total organic carbon (TOC): The calculation of the total organic carbon generated from the organic 

materials is manipulated through a lot of aspects as the weight, relation to raw organic matter, effect of the 

prevailing conditions, stage of maturation, …etc.  

The total organic content was calculatedforwoodford shale, Anadarko basin, Oklahoma from density log, 

using the equation which is based on density log (Hester et al, 1990). 

 

TOC = A/ρ- B                                                               (9) 

 

Where “A” and “B” are constants calculated for a particular formation, member or area. Constant of (A&B) 

were determined from the least-square fit between analytical TOC and log-derived formation densities. 

Therefore, the constants “A” and “B” should be calculated for a particular formation or member in each basin 

separately, as the source rock facies, and the organic richness may vary from one basin to the other (Hunt, 

1996). So, each formation in each basin must have its unique equation. 

The total organic carbon contents of the studied formations were calculated using the previously indicated 

equation (2) together with the cross-plots between the formation density values and their corresponding 

analytical 'TOC' results (Figs.13, 14 and 15). The constants “A” and “B” were calculated and derived separately 

for each well. These constants can be derived by using two values of analytical TOC and their corresponding 

formation densities and solving the two equations (3 and 4) for the constants “A” and “B”, as follows: 

 

1.91=A/2-B                                                               (10) 

 

2.65=A/1.6-B                                                             (11) 

 

The following table (1) represents the values of “A” and “B” for three wells where, the model of Schmoker 

was appliedon them. 

 
Table 1: Represents the values of the constants A & B for Rudeis and Kareem Formations in 113M10, 113M14 and 113M17 wells 

Well Name A B 

113M10 132 50 

113M14 126 48 

113M17 143 55.5 
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Fig. 13: Resistivity between the Formation Density and its Corresponding Analytical TOC to Derive the 

Constants „A‟ and „B‟ for 113M10 Well. 

 

 
 

Fig. 14: Resistivity between the Formation Density and its Corresponding Analytical TOC to Derive the 

Constants „A‟ and „B‟ for 113M14 Well. 
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Fig. 15: Resistivity between the Formation Density and its Corresponding Analytical TOC to Derive the 

Constants „A‟ and „B‟ for 113M17 Well. 

 

Another model was used (Passey, et al, 1990)by using a technique depending on overlay of sonic-resistivity 

curves. In this technique, the travel timeand formation resistivity are scaled, where every resistivity cycle apply 

with 164 µs/m. The separation between the two curves where Δtplot to left and Rtplot to rightis defined asΔlog 

R that can be calculated from the following equation (El Sharawy et al, 2012 and Heidarifard, 2011): 

 

Δlog R = log10(R/Rbaseline) + 0.22 * (Δt-Δtbaseline)         (12) 

 

Where,Rbaseline and Δtbaseline are the values of the fine grained non-source rocks. 

So, TOC can be estimated through the following equation: 

 

TOC = Δlog R * 10(2.297-0.1688LOM)          (13) 

 

whereLOM is the level of maturity. 

0.8 TOC (wt%) must be added to TOC calculated by this technique (Passey et al, 1990 and Heidarifard, 

2011). This model was applied on 113M41 and 113M49 wells as shown in Figs (16 and 17). 

 

2.2.3. Discrimination of source rocks from non-source rocks: 

 

This method (Meyer and Nederlof, 1984)depended on sonic, density and resistivity logs. Accordingly, two 

equations for the discriminant function (D) are used on the basis of log combinations (sonic-resistivity) and 

(density–resistivity) to differentiate between source and non source rock. 

These equations can be written as follows: 

a- Sonic-resistivity: 

 

D (DT) = -6.906 + 3.186 log ∆t + 0.487 log R75     (14) 

 

b- Density-resistivity 

 

D (RoB) = -6.906 + 3.186 log ρb +0.487 log R75      (15) 

 

Where: ∆t is the interval transit-time of rock zone from sonic log. 

ρb is the bulk density of a rock zone from density log, and 

Rt (75oF) is the resistivity reading at 75º F and is calculated by the following equation: 

Rt (75oF) = (Rt (FT)*(FT+7)) / (75+7)      (16) 
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where:Rt is the resistivity of a zone at formation temperature. 

FT is the formation temperature. 

 

 
 

Fig. 16: TOC Calculation from passy Model for Kareem and Rudeis Fomations in 113M41 Well. 

 

 
 

Fig. 17: TOC Calculation from passy Model for Kareem and Rudeis Fomations in 113M49 Well. 
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This model was applied on the shaly rocks (Vsh of the studied zones > 10%). Based on such application, 

the shaly or shale beds will be classified into source, non-source or not decided, according to the polarities of 

both the (D) values of the two mentioned combinations, as shown: 

1- If D(RoB) and D(DT) > 0, then the rock is considered source rock. 

2- If both D(RoB) and D(DT) < 0, then the rock is considered non-source rock. 

3- If D(RoB) < 0 and D(DT) > 0, then the rock is undecided as a source rock. 

4- If D(RoB) > 0 and D(DT) < 0, then the rock is undecided as a source rock. 

The type of the encountered hydrocarbons can be defined from the relationship between the discriminant 

function (source or non-source) and the hydrocarbon preservation (present or absent). Accordingly, four cases 

are established, as shown(Abu El-Ata, 1988 and Shazly, 2006). 

1- If the rocks are source and the hydrocarbons are present, this indicates indigenous hydrocarbons. 

2- If the rocks are source and the hydrocarbons are absent, this shows hydrocarbons migrated to other 

places. 

3- If the rocks are non-source and the hydrocarbons are present, this reflects exogenous hydrocarbons. 

4- If the rocks are non-source and the hydrocarbons are absent, this exhibits no hydrocarbons of any type. 

 

Application: 

 

A computer system is used to facilitate the computations needed for the determination of the total organic 

content (Eq.8), the total organic carbon (Eq.9 and 13) and the discriminant function of the source rocks from the 

non-source rocks (Eqs.14 and 15). This technique was applied onRudeis and Kareem Formationsfor the studied 

five wells. 

The measured TOC (wt%) of Kareem and Rudeis Formations for the studied wells is shown through the 

organo-source analysis (Figs.18 to 22). It exhibits the well monitoring in the volume of shale (Vsh %), 

hydrocarbon saturation (Sh %), total organic carbon TOC (wt %), and discriminant function (D.F). These 

organo-source analyses reflect the vertical variation of these parameters at the locations of the drilled 

wells.However, the acquired results are diversified in representation into organo-source analysis as shown: 

 

Organo-Source analysis of 113M10 well: 

 

The organo-source analysis of the Kareem Formation in 113M10 well (Fig.18) shows that this formation is 

a clean formation with high value of hydrocarbon saturation so it may act as reservoir rock. In Rudeis 

Formation, we notice the high value of shale in the upper part of the studied formation with existence of suitable 

amount of TOC and high concentration of hydrocarbon content. The discriminant functions exhibit negative 

polarities which mean that, the shale rocks are non-source organic content and the encountered hydrocarbons are 

exogenous.  

 

Organo-Source analysis of 113M14 well: 

 

The organo-source analysis of Kareem and RudeisFormations in 113M14 well (Fig.19) reflects a 

considerable amount of shale through the formation succession with a comparable overestimated amount of total 

organic carbon. The discriminant functions of these formations reflect negative values. This reveals that the 

shale rocks are non-source organic content and the saturated hydrocarbons are exogenous. 

 

Organo-Source analysis of 113M17 well: 

 

The organo source analysis of the Kareem and Rudeis Formations in 113M17 well (Fig.20) shows a 

decreasing value of the shale rocks at the two formations with high content of hydrocarbon saturation, this 

indicates that these formations may act as reservoir rock. 

 

Organo-Source analysis of 113M41 well: 

 

The organo-source analysis of the two studied formations in 113M41 well (Fig.21) reflects a sequent 

increase and decrease in the volume of shale. The total organic carbon shows the same directions of high and 

low values. The discriminant functions exhibit negative polarities which reveal that the shale rocks are non-

source and the type of saturated hydrocarbons is exogenous. 

 

Organo-Source analysis of 113M49 well: 
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The organo-source analysis of the two studied formations in 113M49 well (Fig.22) reflects that these 

formations have a high value of hydrocarbon saturation in a high shale rockwhich shows the high content of 

total organic carbon, but it has negative polarity of discriminant functions. These indicate that, the two studied 

formations in this well are non-source with exogenous hydrocarbon saturation. 

 

 
Fig. 18: Organo-Source Analysis of Kareem and Rudeis Formations in 113M10 Well. 

 

 
 

Fig. 19: Organo-Source Analysis of Kareem and Rudeis Formations in 113M14 Well. 
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Fig. 20: Organo-Source Analysis of Kareem and Rudeis Formations in 113M17 Well. 

 

 
 

Fig. 21: Organo-Source Analysis of Kareem and Rudeis Formations in 113M41 Well. 

 

 

 

 

 

 



5434 
J. Appl. Sci. Res., 9(9): 5419-5435, 2013 

 

 

 
Fig. 22: Organo-Source Analysis of Kareem and Rudeis Formations in 113M49 Well. 

 

Summary And Conclusions: 

 

Resistivity log, porosity tools and gamma-ray logs are the available open-hole well log data used in the 

source rock evaluation of the Kareem and Rudeis Formations.GR, neutron and density logs were used to 

determine the volumes of shale, in which the produced shale contents are corrected. 

Qualitative interpretation of source rock is evaluated through the response of some specific logs such as the 

gamma-ray, resistivity and density. Density log was utilized to calculate the total organic content. Also, the total 

organic carbon is calculated by using several models. Models of Schmoker were applied on 113M10, 113M14 

and 113M17 wells, where there is a linear relationships between GR and density, while the model of Passey was 

applied on 113M41 and 113M49 wells. 

Moreover, the differentiation between the source rocks and non-source ones has been carried out through 

the calculation of the discriminative function by using the sonic-resistivity or the density – resistivity 

combinations. These indicators are represented as organo-source analyses logs for the detected sections. 

The analyzed formations have considerable total organic and total organic carbon contents, but they are not 

of enough potentiality to produce indigenous oil. Therefore, the formations have been proved to be of non-

source type, leading to the occurrence of exogenous type of hydrocarbons. The actual source rocks may be 

accumulated, somewhere, outside the study area, and the generated oil has been migrated to and accumulated in 

the study area, after transformation, affecting their log responses and reflecting the presence of mature organic 

carbon contents.  
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