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This study assesses the lithological and petrophysical properties of 

the Jurassic Safa reservoirs in western part of the Shoushan Basin, north 

Western Desert of Egypt. Composite logs from five wells from TUT and 

Salam fields were utilized to evaluate the different petrophysical 

parameters. Well log analysis, using Density/Neutron (D/N) dia-porosity 

cross-plots and tri-porosity (M-N) cross-plots, have been used to determine 

the lithology and porosity of the studied reservoirs. According to the results 

of litho-saturation cross-plots, the Lower Safa Member is primarily made 

up of sandstone, with a few interbeds of limestone, shale intercalation, and 

calcareous cement, while the Upper Safa Member is primarily made up of 

shale, with a few beds of limestone, sandstone bodies. The effect of natural 

gas appears in some D/N cross-plots in both Members. Petrophysical 

parameters derived from vertical litho-saturation cross-plots were used to 

identify each well's most effective sand zones. Movable hydrocarbon is 

found to increases mostly at northeastern and middle parts of the Lower 

Safa reservoir and at the southeastern and northeastern parts of the Upper 

Safa reservoir. Constructed iso-parametric maps of the Lower Safa 

reservoir display that the northeastern and northwestern parts of two 

studied fields is the most promising area for future development while that 

for the Upper Safa reservoir display that the south-eastern and northeastern 

parts of the studied fields are the most areas for future development. 
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Introduction 

The Western Desert of Egypt still 

has a substantial hydrocarbon potential 

(Dolson et al., 2001; Eysa 2016), with 

up to 90% of oil reserves and 80% of gas 

in the basins of the north Western Desert 

are not yet discovered  with a complex 

geological structure composed mainly of 

a half-graben (Zein El-Din et al., 2001). 

The study area is located in the 

Shoushan Basin (Fig. 1), a large 

hydrocarbon province with significant 

Jurassic and Cretaceous oil and gas 

accumulations. It lies between latitudes 

30° 40′ and 30° 47′ N and longitudes 26° 

51′ and 27° 05′ E (Fig. 1). It has drawn 

the attention of many researchers and oil 

companies for its importance in 

hydrocarbon exploration. 

There existing horst and half-

graben structures in the north Western 

Desert are taking the form of parallel, 

elongated, tilted fault blocks with 

concomitant erosion of the upthrown 

blocks (Shalaby et al., 2013 and Abdel-

Fattah, 2017) (Fig. 2). Many authors 

(e.g., Amin, 1961; Said 1962, El-

khadragy and Sharaf, 1994; Shalaby 

et al., 2000; Zein El-Din et al., 2001; 

and El-khadragy et al., 2010; Osman 

et al., 2017; Abdel-Fattah et al., 2019; 

El-Dakak et al., 2021; Saad et al., 2023; 

Badawy et al., 2023) have discussed the 

structural setting of the north Western 

Desert. The Shoushan Basin structures 

resulted from anticline features that were 

draped over or faulted due to vertical 

displacement of basement blocks 

(Sultan and Abd El-Halim 1988).  

 

Fig. (1): Location map of the study area and 

distribution of the studied wells in study area 

According to Keeley et al., 

(1990), the Khatatba Formation 

comprises both the Zahra and Safa 

formations (Fig. 3). The Safa Formation 

is subdivided further into Lower and 

Upper members that the Kabrit Member 

separates, distinguished by the 

prevalence of limestones interbedded 

with claystone and sandstone (EGPC 

1998). The Lower Safa Member is 

consisted mainly of sandstone, siltstone, 

and coal with varying amounts of shales. 
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It is overlain by the carbonate – rich 

Kabrit Member and is underlain by the 

Paleozoic rocks (EGPC, 1998). The 

Kabrit Member shows the effect of shale 

intervals and limestone as active seal 

rocks with very low permeability and 

porosity. The Upper Safa Member, on 

the other hand, overlies the Kabrit 

Member and underlies the Zahra 

Member, consisting of shales, siltstones, 

and sandstone with minor limestone. The 

age of the Upper Safa Member is Lower 

Bajocian - Early Bathonian (Fig. 3). 

 

Fig. (2): Location map of the main 

Mesozoic basins in the Western Desert, 

showing the major Structural features and 

main faults in Shoushan Basin. (EGPC 

1992; Shalaby et al., 2013). 

The applications of structural studies and 

their relation with hydrocarbon traps of 

the north Western Desert has been 

treated in several other publications (e.g. 

Meshref 1982, Sultan and Abd El-

Halim 1988, Abu Shady 1998, El 

Awady et al., 1998 and Shalaby et al., 

2000). 

The main objectives of this study are to 

identify the different reservoir 

parameters characterizing the pay zones, 

determine the reservoir lithology and 

porosity using Density-Neutron and M-

N cross-plots, and construct 

isoparametric maps from well log data to 

identify the most effective sand zones 

and highlight other promising locations 

for further exploration activity. 

Materials and Methods 

The study uses five wells from 

TUT and Salam fields; TUT-21, TUT-23, 

TUT-55, Salam-3X and Salam-31. The 

good logs of these five wells include 

Gamma ray (GR), Caliper log, Bulk 

Density (RHOB), Neutron porosity 

(NPHI), shallow, medium and deep later 

logs and micro spherical logs (ILS, ILM 

and ILD and MSFL), and Sonic log (DT). 

The lithology and porosity of the Lower 

and Upper Safa reservoirs were 

determined from logs using 

(Density/Neutron) cross-plots and tri-

porosity (M-N) cross-plots. 

 



 

Fig. (3): Generalized stratigraphic column of northern Western Desert (Khalda, 2010). 

The well log analysis software 

package Interactive Petrophysics V 3.5 

(IP) was used to perform this complex 

integrative operation for formation 

evaluation and well log data analysis. The 

most effective sand zones of the Lower 

and Upper Safa reservoirs were identified 

in each well using vertical litho-saturation 

cross-plots of the petrophysical 

parameters that were taken from the well 

log data. These cross-plots are used to 

present the vertical distribution of the 
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lithology, fluid content and porosity. This 

analysis helps identify prospective 

hydrocarbon-bearing zones in the area. 

Additionally, distribution maps for gross 

thickness, gross sand, net pay thickness, 

net/gross, effective porosity, water 

saturation, shale volume, and hydrocarbon 

saturation are created using the findings of 

well-log analysis. The net pay thickness is 

calculated using 6% effective porosity 

(Φe), 35% for shale volume (Vsh) and 

50% for water saturation (Sw) cut off 

values (Personal communication with 

Khalda Petroleum Company, 2020). 

Results and Discussion 

Lithology and Porosity Determination 

Using Density - Neutron Crossplots 

Figure (4) shows the density-

neutron cross-plots of the Jurassic Lower 

Safa reservoir for the investigated wells. It 

is noted that most of plotted points align 

mainly around sandstone line, with some 

points lying between the sandstone and 

limestone lines in TUT-21, TUT-23, 

TUT-55, and Salam-31 wells. This reveals 

that this reservoir is primarily made of 

sandstone and a small amount of 

calcareous cement. The porosity values 

range from 3% to 17%. The few scattered 

points around the dolomite line are 

attributed to dolomitic cement and shale 

effect at TUT-23 well (Fig.4). Some 

points are moved upward over the 

sandstone line due to the gas's influence. 

Figure (5) illustrates the density-

neutron cross-plots of the Upper Safa 

reservoir for the studied wells. It can be 

seen that most of the plotted points are 

located around the sandstone line, with the 

remaining points located between the 

sandstone and limestone lines. This 

reveals that this reservoir is primarily 

made of sandstone and a small amount of 

calcareous cement. The porosity values 

range from 5% to 20%. Scattered points 

displayed around the dolomite line are 

attributed to presence of dolomitic cement. 

Gas's influence moves some points 

upward over the sandstone line. 

 

Fig. (4): Density - neutron cross-plots for the 

Lower Safa reservoir. 
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Fig. (5): Density - neutron cross-plots for Upper 

Safa reservoir 

Determination of Lithology Using M-N 

Cross-plots 

Figure (6) shows the mineralogical 

composition of the Lower Safa reservoir 

in the studied wells, except for TUT-55 

well as M and N values could not be 

determined due to the absence of sonic log. 

Despite often being closer to the 

sandstone line, it is seen that the majority 

of plotted points are dispersed throughout 

the area between sandstone and limestone. 

The effect of gas is evident from the clear 

shift of some points to the upright corner 

of the diagram. In TUT-23 well, however, 

some points are moved downwards near 

the dolomite line indicating the 

occurrence of dolomitic cement (Fig. 6). 

 

Fig. (6): M-N cross-plot for the Lower Safa 

Reservoir in TUT-21, TUT-23, Salam-3X and 

Salam-31wells. 

Figure (7) shows the mineralogical 

composition of the Upper Safa reservoir in 

the wells under study, except for TUT-55 

well. The majority of the plotted points 

are dispersed between the sandstone and 

limestone, although generally nearer to the 

sandstone line. The effect of the gas is 

evident from the clear shift of some 

scattered points from all wells to the 

upright corner of the diagram. However, 

some points are shifted downwards near 

the dolomite region, reflecting the 

presence of dolomitic cement and shale 

effect except in Salam-3X well. Points 

from some wells are also shifted upward 

probably due to secondary porosity effect 

(Fig. 7). 
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Fig. (7): M-N cross-plot for Upper Safa Reservoir 

in TUT-21, TUT-23, Salam-3X and Salam-31wells 

Petrophysical Evaluation 

Vertical Litho-Saturation Cross-plots 

The variance in lithological vertical 

distribution can be seen in cross-plots of 

litho-saturation, effective porosity, 

resistivity (Rd, Rs and MSFL), and 

coefficients of fluid saturations such as 

hydrocarbon and water saturations for the 

studied formation against depth.  

Analysis of the cross-plots indicates 

that the Lower Safa Member consists 

primarily of sandstone as the main 

lithological component, with shale 

intercalation and calcareous cement, 

together with the presence of a few beds 

of limestone (Fig. 8). Dolomite and 

limestone disappear in the salam-3X and 

TUT-55 wells.  There are a few streaks 

of coal in TUT-55 well only. 

Additionally, it demonstrates that the 

main lithological component of the 

Upper Safa Member is shale with minor 

siltstone intercalation, together with 

sandstone bodies and calcareous cement, 

with few beds of limestone. There are 

also some streaks of coal (Fig. 9). 

The hydrocarbon potentiality is 

performed by evaluating the vertical and 

horizontal distribution of the 

petrophysical results. Table (1) displays 

values for reservoir parameters calculated 

by averaging various log parameters. 
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Table (1): Well Log Parameters of the Jurassic Lower & Upper Safa Reservoirs, Shoushan Basin 

Well 

Name 

F
o

rm
a

ti
o

n
 

Total 

Thic

kness 

(FT) 

Φe 

(%) 

Vsh 

(%) 

Gross 

Sand 

(FT) 

Net 

Pay 

(FT) 

N/

G 

(%) 

Sxo 

(%) 

Sw 

(%) 

Sh 

(%) 

Shr 

(%) 

Shm 

(%) 

Salam-3X 
U

p
p

er
 S

a
fa

 
670.5 10.6 9.5 92.5 81.5 88.1 90.8  18.4 81.6 9.2 72.4 

Salam-31 679 12.3 10.1 93 59.5 64.0  93.4 12.2 87.8 6.6 81.2 

TUT-21 794 10.9 4.4 138 136.5 98.9 91.1 12.6 87.4 8.9 78.5 

TUT-23 728 10.3 7.7 33 33 1.00 96.4 20.1 79.9 3.6 76.3 

TUT-55 767 10 6.1 122.25 79.25 64.8  95.1 20.6 79.4 4.9 74.5 

Salam-3X 

L
o

w
er

 S
a

fa
 

193.5 21.4 17.2 118.25 37.75 31.9 79.8  32.3 67.7 20.2 47.4 

Salam-31 214 11.1 1.5 141 3.5 2.50 96.3 33.1 66.9 3.7 63.2 

TUT-21 139 11.1 7.3 37.5 35 93.3 88.0 12.2 87.8 12 75.8 

TUT-23 185 10 7.5 81 54.5 67.3 80.7  20.2 79.8 19.3 60.5 

TUT-55 111 13.7 3.8 42.25 3.5 8.30 93.2 29.1 70.9 6.8 64.1 

Total Thickness (FT): the thickness of member Sw%= water saturation 

Φe%= effective porosity Sh%= hydrocarbon saturation 

Vsh%= shale volume Shr%= residual hydrocarbon saturation 

Sxo%= saturation of invaded zone Shm%= movable hydrocarbon saturation 

 

Fig. (8): Representative Litho-saturation cross-plot of the Lower Safa reservoir in TUT-23 well 



 

Fig. (9): Representative Litho-saturation cross-plot of the Upper Safa reservoir in TUT-21 well

Reservoir Mapping 

The contour maps of the log-

derived petrophysical parameters 

illustrate their overall distribution 

throughout the Lower Safa reservoir 

(Figs 10-13). The effective porosity 

value increases toward the southeastern 

direction and decreases toward the 

northwestern direction. The maximum 

effective porosity value of 21.4% is at 

Salam-3X well (Fig. 10). The shale 

volume content increases toward the 

southeastern direction and decreases 

toward the eastern and southeastern 

directions (Fig. 11). The net pay 

distribution map (Fig. 12) shows an 

increase toward the northwestern 

direction at TUT-23 and decreases 

toward the southeastern and central 

parts directions of the study area. The 

hydrocarbon saturation increases in the 

northeastern direction and decreases in 

the southeastern direction. The 

hydrocarbon saturation reaches its 

maximum value of 87.8% at TUT-21 

(Fig. 13). 
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Similarly, the log-derived 

petrophysical parameters throughout the 

Upper Safa reservoir are displayed in 

contour maps to display their general 

distribution. The effective porosity 

value increases toward the southeastern 

direction and decreases towards the 

central part direction to reach its 

minimum value at TUT-55. The 

maximum effective porosity is found at 

Salam-31 well (Fig. 14). The shale 

volume content increases toward the 

southeastern and decreases toward 

northeast (Fig. 15). As may be seen 

from the net pay distribution map, the 

net pay increases toward the northeast 

direction at TUT-21 well and decreases 

toward the northwestern (Fig. 16). The 

hydrocarbon saturation increases toward 

the southeastern, and decreases toward 

the central part and northwestern 

directions. The hydrocarbon saturation 

reaches its maximum value of 87.8% at 

Salam-31 well (Fig. 17). 

 

Fig. (10): Effective porosity map of the Lower 

Safa reservoir. 

 

 

Fig. (11): Shale volume map of the Lower 

Safa reservoir. 
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Fig. (12): Net pay thickness map of the Lower 

Safa reservoir. 

 

Fig. (13): Hydrocarbon saturation map of the 

Lower Safa reservoir. 

 

Fig. (14): Effective porosity map of the 

Upper Safa reservoir. 

 

Fig. (15): Shale volume map of the Upper Safa 

reservoir. 

 

Fig. (16): Net pay thickness map of the Upper 

Safa reservoir. 

 

Fig. (17): Hydrocarbon saturation map of 

the Upper Safa reservoir. 
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Conclusion 

The petrophysical characteristics 

of the Lower and Upper Safa members 

show that, the shale content (VSH) for 

the lower Safa increases towards the 

southeastern and northwestern 

directions where it achieves the upper 

limit value (17.2%) at Salam-3X, and 

falls towards the southeastern direction 

to reach (1.5%) as a lower limit value at 

Salam-31 well, while the shale content 

of the Upper Safa increases towards the 

southeastern direction where it achieves 

the upper limit value (10.1%) at Salam-

31, and falls towards the northeastern 

direction to reach (4.4%) as a lower 

limit value at TUT-21 well. 

The effective porosity (Φeff) for 

the Lower Safa is increasing towards the 

southeastern direction where it reaches 

(21.4%) at Salam-3X well, while it falls 

towards the northwestern direction to 

reach (10%) as a lower limit value at 

TUT-23 well. On the other hand, the 

Upper Safa is increasing towards the 

southeastern direction where it reaches 

(12.3%) at Salam-31 well it falls towards 

the central part direction to reach (10%) 

as a lower limit value at TUT-55 well.  

The hydrocarbon saturation (Shr) 

for the Lower Safa is decreasing towards 

the southeast direction where it passes 

the minimum value (66.9%) at Salam-31 

well and for the Upper Safa is decreasing 

towards the central part direction where 

it passes the minimum value (79.4%) at 

TUT-55 well. The increasing is observed 

towards the northeast direction where the 

upper limit value was (87.8%) at TUT-

21 well for the Lower Safa, while it is 

observed towards the south eastern 

direction where the upper limit value 

was (87.8%) at Salam-31 well for the 

Upper Safa. 

Moving hydrocarbon is the most 

significant parameter, according to 

vertical litho-saturation crossplots of 

petrophysical parameters that identify 

the most effective sand zones. According 

to the hydrocarbon distribution maps, the 

Lower and Upper Safa reservoirs both 

exhibit a general increase in the 

northeastern and southeastern regions. 

The density-neutron and M-N cross-

plots of the Lower and Upper Safa 

reservoirs demonstrate that the 

predominant lithology is sandstone with 

some calcareous cement and sporadic 

weak signs of natural gas impact.  

These areas are thought to be the most 

promising ones for further investigation 

and reservoir development. 
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 الغربيت ، هصر شوال الصحراءخصائص الخزاى لوتكوى الصفا الجوراسي ، حوض شوشاى ، 

 1، علي سليمان  1، عبدالعزيز عبدالدايم  2، عبدالمنعم أبوشادى 1مي الغندور

 

 جاهعت طنطا -كليت علوم  -قسن الجيولوجيا  -1
 هصر  –القاهرة  –الوعادى  –شركه بترونفرتيتي للبترول  -2

 

ست انخصبئص انصخزَت وانبخزوفُشَبئُت نخشاَبث انصفب انجىراسٍ فٍ انجشء انغزبٍ يٍ حىض حقُى هذِ انذرا

 Salam و TUT انبئزَت نخًست آببر يٍ حقهً انسجلاث شىشبٌ، شًبل انصحزاء انغزبُت نًصز. حى اسخخذاو 

 (D/N) ئزَت انكثبفت / انُُىحزوٌنخقُُى انًعبَُز انبخزوفُشَبئُت انًخخهفت. حى اسخخذاو انًخططبث انخببدنُت نهسجلاث انب

نخحذَذ انصخز ويسبيُت انخشاَبث انًذروست. وفقًب نُخبئج انخشبع  (M-N) ثُبئُت انًسبيُت وثلاثُت انًسبيُت

انصخزٌ انًخقبطع ، َخكىٌ عضى انصفب انسفهٍ بشكم أسبسٍ يٍ انحجز انزيهٍ ، يع عذد قهُم يٍ انطبقبث انبُُُت 

ع انصخزٌ انطفهً، والأسًُج انجُزٌ ، بًُُب َخكىٌ عضى انصفب انعهىٌ بشكم أسبسٍ يٍ انحجز انجُزٌ ، وانخقطُ

يٍ انصخز انطفهً ، يع بضعت طبقبث يٍ انحجز انجُزٌ وأجسبو انحجز انزيهٍ. َظهز حأثُز انغبس انطبُعٍ فٍ بعط 

ئُت انًشخقت يٍ انخشبع نهًعبيلاث انبخزوفُشَبانخخطُط انزأسً  انًخقبطعت فٍ كلا انعضىٍَ. اسخخذو D/N يخططبث

انصخزٌ نخحذَذ يُبطق انزيم الأكثز فعبنُت نكم بئز. َشداد عهً انهُذروكزبىٌ انًخحزك فٍ انغبنب فٍ الأجشاء 

 انعهىَت وانًخىسطت يٍ خشاٌ انصفب انسفهٍ وفٍ الأجشاء انىسطً وانسفهً يٍ خشاٌ انصفب انعهىٌ. حُظهز خزائط

ًُُشأة نخشاَ انخىسَع فهً وانعهىي أٌ انجشأٍَ انشًبنٍ وانجُىبٍ انشزقٍ، عهً انخىانٍ يٍ انحقهٍُ انصفب انس ًان

 .انًذروسٍُ هًب أكثز انًُبطق انىاعذة نهخطىَز انًسخقبهٍ

 


