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Abstract: The minerals present in the reservoir can play the utmost role, which affects both the 
reservoir capacity and production. The purpose of this research is to determine the mineralogic 
composition of the G Member in Abu Roash Formation for nine wells scattered in El-Razzak Oil Field, 
North Western Desert of Egypt. The well-log data extracted for the studied member is represented in 
the form of crossplots to facilitate the qualitative interpretation needed for defining the mineralogic 
composition of the studied unit and then the mathematical modeling was established by using the 
simultaneous equations. The spatial distributions of the estimated minerals are represented by the iso-
parametric maps to illustrate their lateral changes for the G Member of Abu Roash Formation across 
the study area. However, the deduced mineralogic constituents from these mathematic equations were 
represented by quartz, calcite, k-feldspar and dolomite. Moreover, the porosities of this member were 
determined by using the available logs of density and neutron. These porosities were corrected for the 
effect of shale. Also, the saturation of hydrocarbon is determined and then these values were presented 
horizontally. 
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INTRODUCTION 

 
 The study area lies in the northern part of the Western Desert (Fig. 1). It is situated between latitudes 30 
25’ and 30 55’ N and longitudes 27 50’ and 28 40’ E and covers a surface area of about 5200 square 
kilometer. The area is represented by nine wells, namely: IG30-1, IJ30-1, IG33-1, IH35-2, IG34-1, IF32-1, 
IF34-2, IE34-6 and IE36-1 scattered in the oil field as shown in figure (2). 
 Rocks are normally made up mixtures of minerals, consequently their physical manifestations and atomic 
properties influence the measured log responses (Poupon et al., 1971). These responses are not only functions of 
the characteristics  zones of investigation, but also on the natures and percentages of the fluids occupying the 
inter-granular pore spaces. Therefore, if we accept the fact that, rocks rarely contain more than four different 
major minerals (Crain, 1986 and Serra, 1986), it is necessary to have a preliminary knowledge about their types 

and log parameters (b, T, N and GR, . . . etc.) to be in a position for computing their relative percentages 
from a combination of  LDL,  CNL,  PEF  and  NGS  tools. 
 The minerals present in the reservoir especially the clay minerals (Moll, 2001) can play the utmost role, 
which affects both reservoir capacity and production because the grain size of clay minerals is generally very 
small and result in very low effective porosity and permeability, thus any presence of clay in a reservoir may 
have direct consequences on the reservoir properties (Said et al., 2003).  
 Crossplots are important for establishing the lithology and mineralogy for any formation. These crossplots 
are sometimes two-dimentional (of two log parameters), or three dimentional (of three log parameters termed Z 
plot) or combination all three porosity logs to provide the lithology characteristics (M-N plot). It is important to 
locate the position of the most probable presented minerals that determined from all of these plots. The 
mathematical equations, describing the mineral constituents suggested in each model, are established to compute 
the mineralogic composition for the studied unit of Abu Roash Formation. 
 
Crossplots Relationships: 
 The crossplots are important for establishing the lithology and mineralogy for any formation. The well-log 
data extracted for the studied member is represented in the form of crossplots to facilitate the qualitative 
interpretation needed for defining the mineralogic composition of the studied unit.  
 On all types of crossplots, it is of prime important to locate the position of the most probable presented 
minerals. The following is a detailed presentation for the various crossplots constructed for the  G Member in 
the studied wells.   
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Fig. 1: Generalized sketch map of Egypt showing the location of the studied are. 
Fig. 2: Location mapshowin the distribution of the studied wells. 
 
 
ρb vs. ΦN - GR Z Plot: 
 This plot is termed as Z- plot, it shows a relation between two types of porosity tools (density and neutron 
logs), as well as the GR tool that taken as a third dimension, as shown for each well, as follow. 
 
IG 30-1 Well: 
 This plot (Fig.3) is an example of several plots drawn for all wells. The first glance reveals the chemical 
nature of this rock unit. The majority of the presented points in this plot lies between the sandstone and 
limestone lines, as well as the presence of other points around calcite and  quartz. The gamma-ray (GR) 
extracted from the NGS tool, when plotted as the third dimension (Z), reflects the presence of shaly limestone 

(90>GR>10 A.P.I). 
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Fig 3: Density versus phineutron with SGR-Z plot for the G Member of Abu Roash Formation in IG 30-1 well. 
 
IJ 30-1 well: 
 The majority of the plotted points, (Fig. 4) occupies the area between sandstone and limestone lines with 
medium to high gamma-ray readings (GR>80 A.P.I). Some points are found at the quartz and calcite points with 
intermediate gamma-ray intensity. 
 

 
 
Fig. 4: Density versus phineutron with SGR-Z plot for the G Member of Abu Roash Formation in IJ 30-1 well. 
 
IG 33-1 well: 
 From this type of crossplots (Fig. 5), the GR-Z plot shows that, the majority of plotted points are scattered 
around the sandstone and limestone lines, with very high gamma-ray intensity. The points landed exactly on the 
quartz and calcite locations with high gamma-ray intensity, that indicate the presence of radioactive materials. 
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Fig. 5: Density versus phineutron with SGR-Z plot for the G Member of Abu Roash for mation in IG 33-1 well. 
 
IH 35-2 well: 
 The frequent plotted points of this plot (Fig. 6) stretch the area between the limestones and dolomite lines, 
with some points around quartz and calcite. 
 

 
 
Fig. 6: Density cersus phineutron with SGR-Z plot for the G Member of Abu roash Formation in IH 35-2 well. 
 
IG 34-1 well: 
 The analysis of such a plot (Fig. 7) shows that, the plotted points occur in the area between sandstone and 
limestone lines, where the gamma-ray intensity do not exceed 70 A.P.I. There are some points around quartz, 
calcite and anhydrite. 
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Fig. 7: Density versus phineutron with SGR-Z prot for the G Member of Abu Roash Formation in IG 34-1 well. 
 
IF 32-1 well: 

 The b ΦN - GR Z plot (Fig. 8) exhibits maximum values of gamma-ray intensity (GR >100 A.P.I) around 
the sandstone, which reflect the presence of shaly sandstone. The majority of the points fall around the 
sandstone and limestone lines, with some points scaterred around quartz and calcite. 
 

 
 
Fig. 8: Density versus phineutron with SGR-Z prot for the G Member of Abu Roash Formation in IF 32-1 well. 
 
IF 34-2 well: 
 All the plotted points are characterized by medium GR values as seen in figure (9) and fall around the 
sandtone and limestone lines. 
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Fig. 9: Density versus phineutron with SGR-Z prot for the G Member of Abu Roash Formation in IF 34-2 well. 
 
IE 34-6 well: 
 The majority of the presented points in figure (10) lies around the limestone line with medium gamma-ray 
intensity. Also, some points are scaterred around quartz and calcite.  
 
 

 
 
Fig. 10: Density versus phineutron with SGR-Z prot for the G Member of Abu Roash Formation in IE 34-6 

well. 
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ሺ2ሻ

IE 36-1 well: 
 On this crossplot (Fig. 11), the scattered points occupy the area between the sandstone and limestone lines 
with high total gamma-ray readings, which indicate the nature of shaly sandstone and limestone. Some points 
are landed exactly on the quartz location, with medium gamma-ray intensity. 
 

 
 
Fig. 11: Density versus phineutron with SGR-Z prot for the G Member of Abu Roash Formation in IE 36-1 

well. 
 
M-N Plot: 

The M-N plot requires a sonic log with neutron and density logs. These logs are all necessary to calculate 
the lithology dependent variables M and N. The M and N functions are computed by the following formulae: 
 

M ൌ ୲౜ି୲ౣ౗

ρౘିρ౜
ൈ 0.01 

 

N ൌ
ΦN୤ െΦN୫ୟ

ρୠ െ ρ୤
 

 
where:  
 
Δtf      is the transit time of fluid (189 for fresh mud), 
Δtma    is the transit time of the matrix, 
 ρୠ      is the bulk density of formation, 
ρ୤      is the density of fluid (1.0 for fresh mud), 
Nf     is the neutron porosity of fluid (use 1.0), and 
Nma   is the neutron porosity of the matrix. 
 
 By using the M-N plot for matrix identification, the lithology contents for each zone can be defined with 
respect to the standard M and N values of the common minerals and rocks, as shown by Shlumberger Principles, 
(1972). 
 
IG 30-1 well: 
 By plotting the values of M and N for the G Member, it is found that, the quartz, calcite, dolomite and 
anhydrite are presented in this crossplot, as shown in Fig. (12). 
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Fig. 12: M-N plot for the G member of Abu Roash Formation in IG 30-1 well. 
 
IJ 30-1 well: 
 This crossplot (Fig. 13) indicates the presence of quartz, calcite, dolomite and anhydrite. 
 

 
Fig. 13: M-N plot for the G member of Abu Roash Formation in IJ 30-1 well. 
 
IG 33-1 well: 

The mineral constituents detected from this plot (Fig. 14) are quartz, calcite and anhydrite.   
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Fig. 14: M-N plot for the G member of Abu Roash Formation in IG 33-1 well. 
 
IH 35-2 well: 
 The majority of the points (Fig. 15) falls around dolomite and anhydrite. 
 

 
 
Fig. 15: M-N plot for the G member of Abu Roash Formation in IH 35-2 well. 
 
IG 34-1 well: 
 The frequent plotted points of this plot (Fig. 16) are occured around calcite and anhydrite. 
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Fig. 16: M-N plot for the G member of Abu Roash Formation in IG 34-1 well. 
 
IF 32-1 well: 
 The main mineral components of this plot are quartz and calcite, as shown in Fig. (17). 

 

 
 

Fig. 17: M-N plot of the G Member of Abu Roash Formation in IF 32-1 well. 
 
IF 34-2 well: 
 Through this type of crossplots (Fig. 18), the plotted points are concentrated around quartz, dolomite, 
calcite and anhydrite. 

 
 
 
 



Aust. J. Basic & Appl. Sci., 5(11): 634-658, 2011 

644 

 
 

Fig. 18: M-N plot for the G member of Abu Roash Formation in IF 34-2 well. 
 
IE 34-6 well: 
 On this crossplot (Fig. 19), the scattered points are found in the area of calcite and anhydrite. 
 

 
 
Fig. 19: M-N plot for the G member of Abu Roash Formation in IE 34-6 well. 
 
IE 36-1 well: 
 The rock forming minerals presented in this plot (Fig. 20) can be differentiated into quartz and calcite. 
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Fig. 20: M-N plot for the G member of Abu Roash Formation in IE 36-1 well. 
 
MID- plot: 
 The MID (Matrix Identification) plot is a crossplot technique, which helps to identify the lithology and 
secondary porosity. The MID plot requires data from density and sonic logs. It depends principally on the 
determination of the apparent matrix parameters (ρma)a and (∆tma)a, which are established through computation 
(Wyllie, 1963), as shown: 
 

a) Clean zones:  
 

ρୠ ୪୭୥ ൌ Φ୤ ൅ ሺ1 െ Φሻ ୫ୟ                                       or  
 

ρ୫ୟ ൌ ቀρୠ ୪୭୥ െ Φ୤ቁ ሺ1 െ Φሻൗ  

 
t୪୭୥ ൌ Φt୤ ൅ ሺ1 െΦሻt୫ୟ                                     or   
 
t୫ୟ ൌ ൫t୪୭୥ െ Φt୤൯ ሺ1 െ Φሻ⁄  

 
b) Shaly zones: 

 
 ρୠ ୪୭୥ ൌ Φ୤ ൅ Vୱ୦ୱ୦ ൅ ሺ1 െ Φെ Vୱ୦ሻ                 or 

 

ρ୫ୟ ൌ ቀρୠ ୪୭୥ െ Φ୤ െ Vୱ୦ρୱ୦ቁ ሺ1 െ Φെ Vୱ୦ሻൗ  

 
 t୪୭୥ ൌ Φt୤ ൅ Vୱ୦tୱ୦ ൅ ሺ1 െΦെ Vୱ୦ሻt୫ୟ     or 
 
t୫ୟ ൌ ൫t୪୭୥ െ Φt୤ െ Vୱ୦tୱ୦൯ ሺ1 െ Φെ Vୱ୦ሻ⁄  
 
 The crossplot drawn between (ρma)a and (∆Tma)a, that proposed by Clavier and Rust (1976), separates the 
different matrix contents. 
 
IG 30-1 well: 
 The MID plot represents the relation between (ρma)a and (∆Tma)a, as shown in figure (21). The minerals 
presented in this plot are quartz and k-feldspar. 
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Fig. 21: MID plot for the G member of Abu Roash Formation in IG 30-1 well. 
 
IJ 30-1 well: 
 The mineral constituents detected from this MID plot (Fig. 22) are quartz and k-feldspar, with some points 
located around the illite mineral. 
 

 
 
Fig. 22: MID plot for the G member of Abu Roash Formation in IJ 30-1 well. 
 
IG 33-1 well: 
 The group of minerals in this plot (Fig. 23) are represented by: quartz, k-feldspar and calcite. With some 
points around illite. 
 
 
 



Aust. J. Basic & Appl. Sci., 5(11): 634-658, 2011 

647 

 
 
Fig. 23: MID plot for the G member of Abu Roash Formation in IG 33-1 well. 
 
IH 35-2 well: 
 The MID plot (Fig. 24) exhibits that, the matrix composition of this interval is mainly quartz, dolomite and 
montmorillonite. 
 

 
 
Fig. 34: MID plot for the G member of Abu Roash Formation in IH 35-5 well. 
 
IG 34-1 well: 
 The plot presented in figure (25) indicates the presence of quartz, k-feldspar and calcite.  
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Fig. 25: MID plot for the G member of Abu Roash Formation in IG 34-1 well. 

 
IF 32-1 well: 
 The main matrix composition clarified from this MID plot (Fig. 26) are quartz, k-feldspar, calcite and illite.  
 

 
 
Fig. 26: MID plot for the G member of Abu Roash Formation in IF 32-1 well. 
 
IF 34-2 well: 
 The displayed points in this plot (Fig. 27) are scattered across quartz, k-feldspar and calcite. 
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Fig. 27: MID plot for the G member of Abu Roash Formation in IF 34-2 well. 
 
IE 34-6 well: 
 The essential mineral composition detected from this plot (Fig. 28) is quartz. 
 

 
 
Fig. 28: MID plot for the G member of Abu Roash Formation in IE 34-6 well. 
 
IE 36-1 well: 
 The major points appear in the area, where quartz and k-feldspar are found as shown in figure (29). 
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Fig. 29: MID plot for the G member of Abu Roash Formation in IE 36-1 well. 
 
Th - K plot: 
 It is one of the best crossplots which identify the presence of clay minerals, where the NGS (U, Th and K 
content) tool is the approptiate log for discriminating the clay minerals. In this study the NGS tool is found only 
in three wells. This type of crossplots is designed essentially to differentiate between the various types of clay 
minerals.  
 
IG 30-1 well: 
 The striking and important comment on this plot (Fig. 30) is that, the most of the plotted points are landed 
in the montmonirollite, illite and mica area.  
 

 
 
Fig. 30: Th-k for G Member of Abu Roash formaiton for IG 30-1 well. 
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IJ 30-1 well: 
 The clay minerals represented in this plot (Fig. 31) are montmonirollite, mixed-clay layer and illite.  
 

 
 
Fig. 31: Th-k for G Member of Abu Roash formaiton for IJ 30-1 well. 
 
IE 34-6 well: 
 The majority of the points of this plot (Fig. 32) falls inside the montmorillonite and illite area, while few 
points are scattered in the location of mixed-clay layer, mica and gluaconite. This indicates the presence of 
montmorillonite and illite as the major clay minerals, and both mica and gluconite as minor ones. 
 

 
 
Fig. 32: Th-k for G Member of Abu Roash Formation for IE 34-6 well. 
 
Mathematical Modeling: 
 Based on the mineralogical modeling obtained from the previous technique, the mathematical modeling was 
established. Through this modeling process, one has to select the equations, which will enable to relate the log 
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(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

data to the desired computed parameters, like mineral constituents and porosity (Abu El-Ata and Ismail 1985). 
The response equations of the minerals present in each model are performed and a statistical analysis is carried 
out on each mineral in a probabilistic test for establishing the mineralogical composition, that frequently 
occurred in the studied rock unit (Delfiner et al., 1984). 
 
IG 30-1 well: 

According to the previous plots for IG 30-1 well, the mineralogic model for the G Member of Abu Roash 
Formation in this well is composed of quartz, calcite, k-feldspars, illite and montmorillonite. The response 
equations for this model are displayed as follow: 

 
 
 

ρb=2.65qz+2.71cal+2.52kf+2.52ill+2.12mont+1Φ 
 

∆T=55.5qz+48cal+71kf+120ill+140mont+189Φ 
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.3ill+0.44mont+1Φ  

 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅  V୧୪୪ ൅ V୫୭୬୲ ൅ V  
 
 Vqz, Vcal, Vkf, , Vill, Vmont and V are the volumes of quartz, calcite,k-feldspar, illite and montmorillonite, 
while Φ is the porosity value in fraction. 
 
IJ 30-1 well: 

Based on the mineralogic model, which is composed of  quartz, calcite, k-feldspars, illite and 
montmorollonite, as detected from the different crossplots of this well, the response equations for this model are 
clasified as follow: 
 
ρb=2.65qz+2.71cal+2.52kf+2.88dol+2.52ill+1Φ 
 
∆T=55.5qz+48cal+71kf+43.5dol+120ill+189Φ 
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.01dol+0.3ill+ 1Φ   

 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V୧୪୪  ൅  V  
 
IG 33-1 well: 

The mineralogic model, which is composed of quartz, calcite, k-feldspars and dolomite (as concluded from 
the well crossplots), shows the following equations for this model: 

 
ρb=2.65qz+2.71cal+2.52kf+2.88dol+1Φ 
 
∆T=55.5qz+48cal+71kf+43.5dol+189Φ  
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.01dol+0.3ill+ 1Φ   

 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V  
 
IH 35-2 well: 

From the previous crossplots of this well the mineralogic model is composed of quartz, calcite, k-feldspar 
and dolomite. The response equations for this model are displayed as follow:  

 
௕ߩ ൌ 2.65qz ൅ 2.71cal ൅ 2.52kf ൅ 2.88dol ൅  1Φ 
 
∆T ൌ 55.5qz ൅ 48cal ൅ 71kf ൅ 43.5dol ൅ 189Φ 
 
 ΦN ൌ െ0.02qz െ 0.01cal െ 0.02kf ൅ 0.01dol ൅  1Φ      
 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V  
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(30)

(35)

(36)

(37)

(38)

(31)

(32)

(33)

(34)

(39)

(40)

(41)

(27)

(28)

(29)

(26)

(23)

(24)

(25)

 
IG 34-1 well 

Based on the mineralogic model for the G Member in IG 34-1 well, which is composed of quartz, calcite, 
k-feldspar, illite and montmorillonite, the model’s equation are exhibited as follow: 

 
ρb=2.65qz+2.71cal+2.52kf+2.52ill+2.12mont+1Φ 
 
 ∆T=55.5qz+48cal+71kf+120ill+140mont+189Φ 
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.3ill+0.44mont+1Φ   

 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤ ൅ V୧୪୪ ൅ V୫୭୬ ൅ V  
 
IF 32-1 well: 

As deduced from the crossplots of this well, the mineralogic model is composed of quartz, calcite, k-
feldspar and dolomite. The following equations display the model as follow: 

 
௕ߩ ൌ 2.65qz ൅ 2.71cal ൅ 2.52kf ൅ 2.88dol ൅ 1Φ 
 
∆T ൌ 55.5qz ൅ 48cal ൅ 71kf ൅ 43.5dol ൅ 189Φ  
 
 ΦN ൌ െ0.02qz െ 0.01cal െ 0.02kf ൅ 0.01dol ൅  1Φ   
 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V  
 
IF 34-2 well: 
 The mineralogic model of this well is composed of quartz, calcite, k-feldspars, dolomite and illite (as shown 
in the crossplots), the model is represented by the following equations. 

 
ρb=2.65qz+2.71cal+2.52kf+2.88dol+2.52ill+1Φ 
 
∆T=55.5qz+48cal+71kf+43.5dol+120ill+189Φ 
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.01dol+0.3ill+ 1Φ 

 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V୧୪୪ ൅  V  
 
IE 34- well: 

The mineralogic model for this well is composed of quartz, calcite, k-feldspares and dolomite; the 
following equations represented the model of this well. 

 
 ρୠ ൌ 2.65qz ൅ 2.71cal ൅ 2.52kf ൅ 2.88dol ൅ 1Φ 
 
∆T ൌ 55.5qz ൅ 48cal ൅ 71kf ൅ 43.5dol ൅ 189Φ 
 
ΦN ൌ െ0.02qz െ 0.01cal െ 0.02kf ൅ 0.01dol ൅ 1Φ 
 
1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V 
 
IE 36-1 well: 

The concluded mineralogic model shows the presence of quartz, calcite, k-feldspars, dolomite and halite, 
thus the response equations for this model are exhibited as follow: 

 
ρb=2.65qz+2.71cal+2.52kf+2.88dol+2.04hal+1Φ 
 
∆T=55.5qz+48cal+71kf+43.5dol+67hal+189Φ 
 
Φ

N
=-0.02qz-0.01cal-0.02kf+0.01dol-0.03hal+ 1Φ   
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(43)

(44)

(45)

(46)

1  ൌ V୯୸ ൅ Vୡୟ୪ ൅ V୩୤  ൅ Vୢ ୭୪ ൅ V୦ୟ୪ ൅ V    (42) 
 
Mineralogic Quantification: 
 The different peterophysical parameters, such as the effective porosity and hydrocarbon saturation 
(movable and residual) are greatly affected by the presence of clay minerals. Accordingly, this study the mineral 
composition will be evaluated. The determination and calculation of the mineralogic composition and porosity 
of  the the G Member of Abu Roash Formation in the area of study is done, by using the simultaneous equations 
as follow: 
 
a1 V1 + a2 V2 + a3 V3 = ΦD  
 
b1 V1 + b2 V2 + b3 V3 = ΦN  
 
V1   + V2 + V3 = 1.0                                                                        
 
 Where : a1, a2 and a3 are the density log readings and b1, b2 and b3 are the neutron log porosity readings 
of the three rock components; in which their volumes are V1, V2 and V3. 
 Equation (43) is known as the identity equation and it defines the fact that, these components add up to 1.0. 
The first component could be the porosity and the other two could be illite and calcite or quartz and 
montmorillonite (Abu El-Ata and Ismail, 1985). 
 
 In the matrix form, these equations should be reduced to: 

൥
Vଵ
Vଶ
Vଷ
൩ ቈ
aଵ aଶ aଷ
bଵ bଶ bଷ
1.0 1.0 1.0

቉ ൌ ൥
ΦD
ΦN
1.0

൩ 

 
 To solve this matrix for the values of V1, V2 and V3, the matrix inverse should be obtained (Delfiner et al., 
1984) as: 
 

൥
Vଵ
Vଶ
Vଷ
൩ ൥
xଵ xଶ xଷ
yଵ yଶ yଷ
zଵ zଶ zଷ

൩ ൌ ൥
ΦD
ΦN
1.0

൩ 

 
 This concept can be extended to as many equations as; there are independent log readings available for a 
well. For example, a full suite of logs may consist of the following: 
 Spectral Gamma-Ray Log: SGR, uranium, thorium and potassium. Usual Porosity Logs: density, neutron 
and sonic. Litho-Density Logs: PEF. Usual Resistivity Logs: shallow, medium and deep.These logs, together 
with the identity equation, give a possibility of 13 equations in 13 unknowns. It is unlikely that, the three 
resistivity logs are truly dependent equations, so they may not assist in the solution. 
 The possibility of a ridiculous solution can be reduced by taking all combinations, but five or six equations 
from the possible unknowns are better for checking the results of each solution for reasonableness. 
Reasonableness might be performed by reaching a solution, in which the deduced volumes are all within the 
range of  0.05 to 1.05 (i.e., no material can be presented in large negative quantities or be greater than the 
volume of rock). However, the method for selecting the desired solution from the various possible ones is to 
scan the rock types found in all reasonable solutions and to pick a set of rocks that occur most frequently 
(Szendro, 1983). Moreover, if more log types (known data) are available than the unknowns (mineral volumes), 
the case is called over - determined. In this situation, the number of equations provided by the logs exceeds the 
number of components. 

An appropriate estimate for the zone composition can be drawn from a least-squares model, in which the 
error is minimized between the log responses and their corresponding values predicted by the solution, thus the 
matrix solution of the least-squares model becomes: 

 
V   ൌ    ሺCT Cሻଵ CT L 
 
 where each letter signifies an array of numbers or unknowns, rather than a single number of unknowns, as 
in the conventional algebra. The “known” are  C (vector of log readings), L (vector of log responses), the 
symbol CT signifies as the transpose of the C matrix, which simply means a matrix, in which the rows and 
columns have been interchanged and the “unknown” is V (vector of the volumes of minerals), as shown by 
Doveton (1986). 
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(47)

 On the other hand, if the log types (known data) are less than the unknowns (mineral volumes), the case is 
called under-determined, and then the matrix solution for the least-squares model becomes: 

 
V   ൌ    CTሺC CT ሻଵ  L 
 
 The different computer programs were established by Abu El-Ata and Ismail (1985), then compiled by 
Reda (1997) for facilitating the complexities arisen in the solution of the simultaneous equations in this study. 
By this way, the correct values of the mineralogic constituents (quartz, calcite, illite, montmorillonite,..., etc.) 
were derived for the G Member in the nine wells evaluated in the area of study. 
 
Petrophysical Analysis: 
 Many steps are used to evaluate the reservoir unit as follows: 
 
Shale Determination: 
 The presence of shale in any formation is considered as one of the serious problems in the determination of 
the formation porosities and the contained fluid saturations. It causes erroneous determinations for the different 
rock matrices.  
 According to Schieber et al., (1998), the shale volume is derived from the gamma-ray log using: 
 
Vsh = (GR – base sand line) / (base shale line – base sand line)          (48) 
 
Porosity Derivation: 
 Porosity is the volume of the non-solid portion of the rock that is filled with fluids divided by the total 
volume of the rock. It is often referred to in terms of percentages. 
 Porosities have been calculated throughout using the density and the neutron logs.  
 
Saturation Determination: 
 Many of the models determine the water saturation in the clean formations, while the others determine the 
water saturation in the shaly formations. Since water saturation is the natural result of the previous calculations, 
it is often reported by the log analyst as one of “the answers” (Chilingar et al., 2005). However, the amount of 
oil is determined. 
 
Iso-Paramitric Maps: 
 For evaluating the effect of mineral constituents on the rock characteristics of the G Member, it is very 
important to construct and study the areal distribution of the rock forming minerals and the petrophysical 
parameters in the form of iso-parametric maps.  
 
Quartz Distribution Map: 
 The quartz distribution map (Fig. 33) for the G Member shows, that the  maximum values (51%) are 
presented at the same well in the northwestern  direction and the lowest values are recorded in IF 32-1 and IE 
36-1 wells. 

 
 
Fig. 33: Quartz distribution map for G Member of Abu Roash Formation in the study area. 
Calcite Distribution Map: 
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 For the G Member (Fig. 34), the calcite distribution map exhibits,  that the maximum value is recorded 
outwardly toward the northeast trend around IH 35-2 well.  
 

 
 
Fig. 34: Calcite distribution map for G Member of Abu Roash Fromation in the study area. 
 
K-Feldspar Distribution Map: 
 The K-feldspar distribution map for the G Member (Fig. 35) illustrates that, the maximum value is recorded 
inwardly toward the center of the map at IG33-1 well.  

 
 
Fig. 35: K-Feldspar distribution map for G Member of Abu Roash Formation in the study area. 
 
Effective Porosity Distribution Map: 
 The effective porosity distribution map for the studied unit is illustrated in figure (36). The maximum value 
(9%) of the effective porosity is recorded in IE 34-6 well. 
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Fig. 36: Effective prosity distribution map for G Member of Abu Roash formation in the study area. 
 
Total Hydrocarbon Distribution Map: 
 Figure (37), shows that the hydrocarbon distribution map for this member of Abu Roash Formation, starts 
to increase toward the northwest direction where the value of 68% is estimated at IG 30-1 well. 

 

 
 

Fig. 37: Total hydrocarbon distribution map for G Member of Abu Roash Formation in the Study area. 
 
Summary and Conclusions: 
 The present work deals with the computerized well logging analysis for nine wells (IG30-1, IJ30-1, IG33-1, 
IH35-2, IG34-1, IF32-1, IF34-2, IE34-6 and IE36-1) distributed in El-Razzak Oil Field in the northern western 
desert of Egypt. Such an analysis was carried out on the G Member of Abu Roash Formation, where this rock 
unit is very important in the petroleum exploration of this part of the country. 
 The well logging data extracted for the studied unit was presented in the form of crossplots which are 
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important for establishing the lithology and mineralogy for the rock unit qualitatively. Where the lithology and 
mineralogy are identified through M – N, b – N,  Th – K and mid plots. Secondly, the mineral compositions 
are established by using the mathematical modeling (Mats et al., 2004). 
 The minerals present in the reservoir especially the clay mineral (Moll, 2001) can play the utmost role, 
which affect both the reservoir capacity and production because the grain size of clay minerals is generally very 
small and result in very low effective porosity and permeability, thus any presence of clay in a reservoir may 
have direct consequences on the reservoir properties (Said et al., 2003). However the type of clay minerals must 
be taken into account in reservoir evaluation. For the studied unit, the following minerals are indicated: quartz, 
calcite, k-feldspars, dolomite, montmorillonite and illite. Then, the resulted mineralogic constituents was 
represented in the form of iso-parametric maps for some minerals for the studied member. 
 Beside the previous study the values of porosity and saturation of hydrocarbon have been calculated to see 
the quality of the reservoir rocks. Porosity has the maximum value in IE 34-6 and IE 36-1 wells while 
hydrocarbon increase in the northwest direction. 
 From these crossplots and the distribution maps it was found that, quartz, calcite, k-feldspar and dolomite 
are the main minerals, that play important part in the reservoir constituents. The present of calcite with the high 
percentage of effective porosities led to a good reservoir rock in the studied member. 
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