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ABSTRACT 
 
 The aim of this study is to evaluate the geothermal potential for Lower and Upper Bahariya Formation of 
Bassel-1X well in the northern western desert to determine the suitable reservoir rock by using the available 
well logging data. Some important thermo-physical properties are estimated such as geothermal gradient, 
thermal conductivity, heat flow, specific heat capacity and heat production. These thermo-physical properties 
are determined by several equations based on input data from the geophysical well logs. The analysis of 
temperature shows that the zone temperature has a range between 26 and 35 °C in the Lower unit of Bahariya 
Formation while it about 23 – 25 °C for the Upper unit. The geothermal gradient tend to be 19 °C/Km through 
the Lower unit but it reach to 22 °C/Km in the Upper unit. The thermal conductivity and heat flow showed the 
high values in the Lower unit of Bahariya Formation due to the presence of high conductive minerals with high 
percentage (quartz, dolomite and calcite) and the low conductive minerals with small percentage (clay 
minerals), but it tends to be lower through the Upper unit. There is an inverse relation between both of thermal 
conductivity and heat flow and the specific heat capacity where the heat capacity has low value especially in the 
lower Bahariya Formation. The heat production is estimated in μW/m3, it shows a good linear relationship with 
GR along the Bahariya Formation, it is calculated by utilizing NGS log. The thermal effect on the digenesis of 
some of the clay minerals to another is studied through the relation between transit time and density logs of 
Lower and Upper Bahariya Formation, these plots showed the present of high percentage of illite which give 
indication of high thermal growth in the Upper unit of Bahariya Formation. 
 
Key words: Well Logging-Geothermal Gradient - Thermal Conductivity - Heat Flow - Specific Heat Capacity - 
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Introduction 
 
 The geothermal reservoirs can be classified in term of many parameters, such as their temperature, 
equilibrium state and the enthalpy of their fluids. Also the classification of geothermal reservoir is based on the 
energy content of the rocks and their potential form of utilization, it can be classified into low, medium and high 
temperature resources. So it is important to determine the thermo-physical properties of the sediments that 
constitute the reservoir rock (Aref, A.L.; 2007). 
 The method of estimating the geothermal potential from well logs has several advantages where, 
geophysical well logs are better in representing the physical properties of the formation sediments than the 
laboratory measurements on cuttings. Firstly, the volume of formation investigated during the logging process is 
larger and the measurements are made continuously, whereas laboratory measurements involved samples taken 
at discrete depths. Secondly, in laboratory condition, saturation, structure and compaction of samples may be 
significantly modified. Thirdly, lithologic and geophysical well logs are routinely recorded during exploration, 
and thus, large scale studies may be done without prohibitive amounts of laboratory work. 
 In this paper, the procedure for predicting the geothermal potential is applied on Bahariya Formation of 
Bassel-1X well which lies at latitude 30˚ 35\ 10.1\\ N and Longitude 26˚ 56\ 36.9\\ E in the Sherouk Field in the 
northern western Desert of Egypt (Fig. 1), the procedure is applied by using mineralogical information, 
geophysical well logs and temperature data. 

 
Well Log Data: 
 
 The relationships between the geothermal effect and other petrophysical properties have been analyzed for 
Bassel-1x well. The equations were established to permit us to predict thermo-physical properties of Bahariya 
Formation from logging data such as neutron, density, sonic, gamma ray and resistivity. 
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 After inserting the values of m, x and c in the basic formula (Eq. 1), the unknown here will be the Y, which 
is the formation temperature needed.  By this way, the formation temperature (F.T) is as follow: 
 
T= To(h) + G.G              (2) 
 
Where T is the formation temperature 
To(h) is the surface ground temperature as a function of the elevation h. 
G.G. is the geothermal gradient (°C/m.) 
The geothermal gradient is the rate at which the subsurface temperatures increase with depth; it can be estimated 
through the following equation: 
 
G.G = ΔT/ΔZ = (T2-T1) / (Z2-Z1)            (3) 
 
ΔT is the temperature change within a depth interval of Z2-Z1 (ΔZ in meter). 
 The temperature profile (Fig. 2A and 3A) shows linear relationship in both of Lower and Upper Bahariya 
Formation, the estimated formation temperature reaches to 34 and 25 °C for the two units (Lower and Upper) 
respectively. The average geothermal gradient is 19 °C/Km in the lower unit while, it is 22 °C/Km for the upper 
unit of the studied formation. There is an inverse relationship between G.G and the thermal conductivity (Aref, 
A.L.; 2007). 
 
2- Thermal Conductivity: 
 
 The thermal conductivity of rocks and sediments is an intrinsic physical property that is determined by 
mineralogy, porosity, and temperature. Most sedimentary rocks are an aggregate of minerals with pore spaces 
saturated with saline water. Their bulk thermal conductivity depends on both the solid rock component and the 
pore fluid.  
 The major influence of mineralogy on conductivity is the proportion of high conductivity (quartz, halite, 
anhydrite and dolomite), intermediate conductivity (calcite) and low conductivity (clay minerals) components. 
 Minerals were determined by using well log data (Shazly, T.F. and Ramadan, M.A.; 2011)  where, Lower 
and Upper Bahariya Formation consist of quartz, calcite, illite, montmorillonite and dolomite with very small 
quantity of smectite, the clay minerals have high percentage in the Upper Bahariya Formation than the Lower 
unit. 
 Prior to estimating the bulk rock thermal property, the conductivity λ for each constituent must be 
established. The conductivities of these constituents have the following values (table 1). 
 
Table 1: Values Proposed By Horai (1971). 

Type Minerals Thermal Conductivity  
(W/m/K) 

Non clay 
minerals 

Quartz 
Calcite 

Dolomite 
Anhydrite 

7.8 
3.4 
3.9 
6.4 

Clay 
minerals 

Illite 
Montmorillonite 

1.8 
1.9 

Fluid Air 
Water 

0.03 
0.6 

 
 Porosity and saturating fluids are the second factor controlling the conductivity of rock. If porosity is 
important (i.e. >>1%) the saturating fluid’s thermal conductivity may significantly affect the bulk thermal 
conductivity of the saturated rock where, the thermal conductivity decrease by increasing the porosity, this is 
due to the three low conductivity of water, oil and gas which saturate the rock (Christoph Clauser and Ernst 
Huenges; 1993).  
 A number of different mixing models have been proposed to relate the thermal conductivity of an aggregate 
to its individual component, the most common of these is the geometric mean models (Magoon, L.B. and W.G. 
Dow; 1994) which depend on using various ways of averaging thermal conductivity of constituents with respect 
to their concentrations (Horai, K.I.; 1971, Woodside, W., and J.H. Messmer; 1961 and Goss, et al; 1975). The 
geometric mean model is adequate for computing the thermal conductivity of sedimentary rocks. The bulk 
conductivity λ of a porous media made of aggregates of various constituents is given by: 
        m       p 

λ = π    λ                (4) 
        i=1      i 
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 Where λi is the conductivity of the ith constituent (whether mineral or fluid) and pi its fractional volume. 
This model was applied to the formation for which detailed mineralogy and porosity were available. Minerals 
were determined by using well log data (Shazly, T.F. and Ramadan, M.A; 2011) where, Bahariya Formation 
rocks consists of quartz, calcite, dolomite, illite and montmorillonite with very low percentage of smectite. 
The same model that explains our thermal conductivity within sedimentary basin is given by: 
          1-Ф            Ф 

λ R = λ      *  λ              (5) 
            m               w 

 
 Where Ф is the porosity, λm is the matrix conductivity, and λw is the fluid conductivity. Then the matrix 
conductivity of an n-component aggregate is given by 
           m       p 

λm = π     λ              (6) 
           i=1      i 

 
 Where pi is the volumetric fraction of the ith component in the matrix (minerals) having a conductivity λi. 
 Experimental results (Roy, et al.; 1981) show that temperature has a significant effect on thermal 
conductivity of rock matrix components for the range of temperatures found in sedimentary basins. Therefore, 
porous rock thermal conductivities must be corrected for temperatures in field applications. The matrix 
conductivity λm is proportional to the reciprocal of the absolute temperature (Chapman, et al.; 1984) Thus, 
 
λm.T = λm.20  * [293 / (273 + T]            (7) 
 
 Where λm.T is the matrix conductivity at temperature T (oC). This correction is significant in deep 
sedimentary basins. Water is also given temperature, but its effect is small relative to temperature effect on the 
matrix conductivity. Water temperature-conductivity data are approximated by the following functions 
(Kappelmeyer and Haenel; 1974). 
 
λ w.T = 0.56 + 0.003T0.827       ; 0 ≤ T ≤ 50 oC           (8) 
 
λw.T = 0.442 + 0.519 ln T       ; T > 50 oC           (9) 
 
 These equations are used to adjust the thermal conductivity of water (λw.T) for conditions of temperature (T) 
at different depths (Shazly, T.F.; 2006). 
 Figures (2B and 3B) show, the in-situ thermal conductivity of most sedimentary rocks in the range of about 
(3.93 W/m.K) for the Lower unit of Bahariya Formation (high value), while it gives the reading of 2.3 W/m.k in 
the Upper unit (low value). In general the thermal conductivity of most clastic sedimentary rock is inversely 
correlated to their clay content (Aref, A.L.; 2007 and Deming, et al.; 1992). 
 Figures (4 and 5) illustrate the effect of clay mineral (illite and montmorillonite) on the matrix thermal 
conductivities. The thermal conductivity increases systematically as the percentage of illite and montmorillonite 
decrease and percentage of Quartz mineral increase, as shown in figure (4) of Lower Bahariya Formation while, 
the thermal conductivity decrease by increasing of clay minerals as shown in figure (5) for the Upper Bahariya 
Formation. 
 
3- Heat Flow: 
 
 The third step in studying the thermo-physical properties is the heat flow. The utility of heat flow studies lies 
in the ability to infer thermal conditions at great depth from measurements in shallow boreholes (John Michael 
B. and David S. Chapman; 1982)  
 Heat flow values presented in this paper have been calculated using thermal gradients and thermal 
conductivities measured for both Lower and Upper Bahariya Formation. Heat flow is estimated and is governed 
by the following equation. 
 
Q = λ * ΔT/ΔZ           (10) 
 
Where  Q is the heat flow (W/m2) 
ΔT/ΔZ is the geothermal gradient in K/m, and λ is the thermal conductivity in W/m.K The Lower Bahariya 
Formation show high heat flow (about 0.263 W/m2) while the Upper unit exhibits low value in the range of 0.12 
W/m2 as shown in  Figures (2C and 3C). 
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4- Specific Heat Capacity: 
 
 Specific heat capacity is one of the most important parameters in estimating the thermo-physical properties, 
there is an inverse relation between heat capacity and both of thermal conductivity and heat flow. The unit of it 
is J/Kg.°C where, it is defined as the amount of heat required to raise the temperature of the unit mass (1 Kg) of 
a substance by a unit temperature (1 °C) (Aref, A.L.; 2007). The porosity and the saturation of rock are 
important parameters in calculating the specific heat capacity where, the water content of a rock has a 
dominating influence on the total specific heat capacity (Scharli, U. and Rybach, L.; 2001). 
The specific heat capacity can be calculated as the following: 
 
         Cm ρm (1 – φ) + Cw ρw φ 
Cp = ----------------------------------          (11) 
                         ρws 

 
Cp is the specific heat capacity of the rock (J/Kg °C) 
Cm is the specific heat capacity of matrix 
Cw is the heat capacity of water, and 
ρws is the density of the water saturated rock. 
 
 From figures (2D and 3D), it shows that the range values of the specific heat capacity is about (935.09 and 
3141 J/Kg.°C) in both of Lower and Upper Bahariya Formation respectively. 
 

 
 

Fig. 2: Values of zone temperature, thermal conductivity, heat Flow and heat capacity with depth for lower 
Bahariya formation of Bassel-1 x well. 

 
5- Heat Production: 
 
 Heat production is one of the thermal modeling which is made to the studied frmation, it is usually 
determined from potassium (K), uranium (U) and thorium (Th) where, all natural radioactive isotops generate 
heat to a certain extent. The formula of (Scharli, U., and Rybach, L.; 2001) is used to calculate the heat 
generation by knowing the concentration of uranium (U), thorium (Th) and potassium (K) elements and the 
density (ρ) of the rock as shown in the equation. 
A (µW/m3) = 10-5 ρ (9.52 Cu + 2.56 Cth + 3.48 Ck)       (12) 
 
Where,  
Cu is the concentration of uranium in ppm. 
Cth is the concentration of thorium in ppm. 
Ck is the concentration of potassium in % and, 
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ρ is the rock density in Kg/m3. 
 

 
 
Fig. 3: Values of zone temperature, thermal conductivity, heat Flow and heat capacity with depth for Upper 

Bahariya formation of Bassel-1 x well. 
 

 
Fig. 4: Relationship between matrix thermal conductivity and rock constituent (porosity and minerals) for lower 

bahariya formation of Bassel-1 x well. 
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Fig. 5: Relationship between matrix thermal conductivity and rock constituent (porosity and minerals) for upper 

bahariya formation of Bassel-1 x well. 
 
 In borehole the K, U and Th content can be taken from the natural Gamma spectrometry tool (NGS) 
measurement and the rock density from the density log (Steingrimsson, B.; 2005). 
 Figure (6 and 7) illustrates a good linear relationship between GR and heat production (A), a lower heat 
production (A = 0.85 µW/m3) is recorded in the Lower unit of Bahariya Formation while, the higher value is 
shown in the Upper Bahariya Formation (1.0593 µW/m3). 
 After thermal modeling of Bahariya Formation we can use one of the most important evidences of its 
thermal growth, is the recognition that smectite portion of shale undergoes a transformation into another clay 
type called illite. This transformation is dependent on the temperature and time of cooking and requires the 
presence of potassium, which is usually available in the pore water (Aref, A.L.; 2007). A new procedure for 
measuring the thermal growth by using the logging tool is introduced (Dutta, N., and Hobart, S.; 1999). In this 
method the transit time was taken as an indicator for the degree of smectite / illite transformation in addition to 
utilizing the temperature to quantify the degree to which the transformation had completed. 
 Figures (8 and 9) show the relation between Δt and density data, in Figure (9) of  Upper Bahariya 
Formation 3 different trends can be suggested by the inspection of crossplot of Δt and density data, it exhibits 
the presence of cooked illite zones (the middle regression line) while, in case of Lower Bahariya Formation 
(Figure 8) it is not clearly enough to characterize the three trends which indicate  that the digenesis process 
occurred more enough in the Upper unit rather than the Lower unit of Bahariya Formation. 
 
Summary And Conclusion: 
 
 The procedure outlined in this paper provides the attempt to use geophysical well logs to construct thermal 
model for Bahariya Formation of Bassel-1X well in the northern western dessert of Egypt. 
 This model includes calculation of formation temperature, thermal conductivity, heat flow, specific heat 
capacity and heat production where, calculation of the geothermal gradient based on well logging data (B.H.T 
and S.T) of Bassel-1X well while, estimating of thermal conductivity depended mainly on the knowledge of 
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type of minerals and its proportion (illite, montmorillonite, dolomite, calcite and quartz) and also the value of 
porosity. 
 Depending on the value of geothermal gradient and thermal conductivity the heat flow was determined. 
From this model there is an inverse relation between heat capacity and both of thermal conductivity and heat 
flow. 
 

 
Fig. 6: Relationship between heat production and gamma ray for lower Bahariya formation of Bassel-1 well. 
 

 
 
Fig. 7: Relationship between heat production and gamma ray for upper Bahariya formation of Bassel-1 well. 
 
 Lower Bahariya Formation exhibits that it has the highest thermal conductivity and heat flow (3.93 W/m.k 
and 0.26 W/m2) as well as the lowest heat capacity (935.1 J/Kg.°C) while, Upper Bahariya Formation illustrates 
that, the thermal conductivity and heat flow are low, about 2.3 W/m.k and 0.15 W/m2, while the heat capacity is 
high (3141 J/Kg.°C). 
 The heat generation is calculated depending on radioactive elements (U, Th, and K), a good linear 
relationship is observed between the heat production and the GR. The heat generation is about 0.85 and 1.06 
µW/m3 in the two units of Bahariya Formation (Lower and Upper) respectively. 
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Fig. 8: Show the shale digeneses and the cooked llite zones for lower Bahariya formation of Bassel-1 well. 
 

 
 

Fig. 9: Show the shale digeneses and the cooked llite zones for upper Bahariya formation of Bassel-1 well. 
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 The thermal modeling is completed by observing the change in some of clay minerals (smectite) to another 
clay mineral (illite) by using sonic – density crossplot, these crossplots showed the change of smectite to illite 
especially in the Upper Bahariya Formation. 
 From this modeling it was found that the Lower unit of Bahariya Formation has suitable values of 
geothermal potential (high thermal conductivity, high heat flow and low heat capacity) to act as a reservoir rock, 
in addition it is characterized by the presence of quartz minerals and the low percentage of clay minerals, while 
the Upper unit has not the suitable values of geothermal potential to be a reservoir rock. 
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