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ABSTRACT 
 

     Radioactive heat-production data of Igneous and Metamorphic rocks cropping 
out from the Eastern Desert are presented. Samples were analysed using low level 
gamma-ray  spectrometer (HPGe) in the laboratory. A total of 205 rock samples 
were investigated, covering all major rock types of the area. The heat-production 
rate of igneous rocks ranges from 0.11 (basalt) to 9.53 µWm-3 (granite). In 
metamorphic rocks it varies from 0.28 (serpentinite ) to 0.91  (metagabroo ) µW.m-3. 
The contribution due to U is about (51%), whereas that of Th (31%) and (18%) by K. 
The corresponding values in igneous rocks are 76%: 19%: 5%, respectively.The 
calculated values showed good agreement with global values except in some areas 
contained granite rocks. 
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INTRODUCTION 

 
    Radioactive elements found in the crust and mantle form the basis for several major applications 
in geophysics and geochemistry. The heat produced by naturally radioactive elements in rocks is a 
key factor in geothermic studies, especially in the interpretation of continental heat-flow density 
data. Combined determinations of heat-flow density and of radioactive heat production rate yield 
basic information about the temperature field and the structure of the Earth’s crust and are 
indispensable to understand the interrelations between heat-flow density and geology (1).  
 
     Surface exposures of rocks forming the crust and upper mantle are a possible source of infor-
mation for estimating the distribution of the heat-producing elements and thus the variation with 
depth of the radiogenic heat production rate(2-6). Several analytical techniques can be used to 
determine the concentrations of the heat-producing elements, γ-ray spectrometry is the only one 
that enables simultaneous determination of U, Th and K, and its accuracy is generally sufficient in 
most ordinary crustal rocks.  
 
     Heat production rate decreases with increasing depth in the lithosphere, which is an indication 
of the fundamental geochemical differentiation processes of our planet. The vertical variation of 
heat production rate has been often approximated with simple rules, such as exponential or linear 
decrease with depth(7). Although useful for general purposes, such systematic variations are rarely 
exactly valid in real cases. This was demonstrated in the super deep hole studies in Germany and 
Russia(8,9), and heat production rate was found to correlate first of all with the lithological type of 
the rocks, and not with the depth. A great deal of the heat flow density variations in the continents 
is due to variations in radiogenic heat production, and it may be responsible of about 30-60% of 
the heat flow signal in continents(10). 
 
    The vertical distribution of radioactive heat production in the crust is an important factor for 
estimation of temperatures at depth. In island arcs, Furukawa and Uyeda (1989)(11) found for rocks 
in Hidaka region, northern Japan that the heat generation in the granitic rocks decreases with depth 
in a similar way to that in the exponential model(7), which has been widely accepted for stable 



VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 
 

 288

continental areas. Mukai et al. (1999)(12) recently carried out measurements on samples from 
Kohistan and northeast Japan arcs and demonstrated that the heat production is extremely low in 
the lower crust. The radioactive heat production is fairly well known for a large set of igneous, 
metamorphic and sedimentary rocks(13), but information is still relatively poor for Egyptian rocks. 
 
       In this paper, we present results of radioactive heat-production (RHP) concentration 
measurements on igneous and metamorphic rocks cropping out on the Eastern Desert, Upper 
Egypt. These data can be used to discuss the effects of the lateral variation of the (RHP) rate on the 
heat flux and the temperature fields in the upper crust. Limited heat flow data is available for the 
Egyptian granites, but radioactive heat-production can be calculated. This is important because of 
the known relationship between high surface flow and high radioactivity in the crust. 
 
Geological setting  

      The Egyptian basement rocks of the northwestern tip of the Arabo-Nubian Shield belt 
represent the northern part of the U-shaped pan-African orogenic belt of Africa(14). The 
Precambrian basement rocks of Egypt cover about 10% of the total area of Egypt or about 100,000 
km2 in the Eastern Desert, southern Sinai as well as in small exposures in the southern part of the 
Western Desert. The crystalline basement rocks of the Eastern Desert extend as an elongated belt 
(about 830 km long between latitudes 220 00` and 280 40` N), trending NW-SE nearly parallel to 
the Red Sea coast. These rocks are uncomformtably overlain by Nubian Sandstones or Miocene 
and younger sediments especially at their Western or Eastern parts. In the Western Desert, the 
Precambrian rocks appear in Gebal Oweinat and some other minor exposures Fig.(1). 
      On the basis of plate tectonic modeling, some of the older rock units were considered to be 
representatives of ophiolite sequences. Most of the widespread geosynclinal metasediments of El-
Ramly (1972)(15) and the schist-mudstone-greywacke series of Akaad and El-Ramly (1960)(16) 
were considered as ophiolitic mélange. Most of serpentinites and metagabbros were also related to 
ophiolites, while some of the volcanic rocks (e.g. Shadli metavolcanics) and plutonic rocks (e.g. 
older granitoids) were related to arc magmatism (14). 
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Fig. (1): Location map of studies areas. 
 

EXPERIMENTAL TECHNIQUES 

Samples description 

      A total of 205 specimens of rocks were investigated, covering all major rock types of the Bir 
El-Sid (B.S.); Wadi El-Gemal (W.G.); Wadi Um Had (W.U.); W.Karim (W.K.); Gebal Elmesskat 
(G.M), and Gebal El-Erediya (G.E.) Eastern Desert. The first area, Bir El-Sid, is located in the 
Pan-African basement of Egypt. The area covers about 96 km2 of crystalline basement rocks of 
Egypt, near midway along the Qift-Qusier road. It contains felsite dykes (acidic dykes), Fawakher 
granitoid pluton, lamprophyer and diorite dykes (intermediate dykes), dolerite dykes (basic dykes), 
Fawakher ultrabasic unit (serpentinite), and  Bir El-Sid basic flow sheet (basalt, metagabroo)(17). 
 
     The second area, Wadi El-Gemal, covers about 600 km2 in the southeastern corner of the 
Migif-Hafafit region. It is located at about 50 km to the south of Marsa Alam on the Red Sea and 
some 220 km east of Kom-Ombo in the Nile Valley. It contains a variety of rock types, including 
acidic, intermediate and basic dykes, serpentinite, metagabroo and  mélange(18). Wadi Um Had and 
Wadi Karim areas are situated within the Precambrian basement complex of central  Eastern 
Desert of Egypt just to the north of the Qift-Qusier road, they cover about 175 km2 with dominant 
igneous rocks. Gebal Elmesskat and Gebal El-Erediya  plutons are an oval shaped pink granite 
elongated in NW-SE direction with length of 6.5 km and width of 2.5 km. 
 
Sample preparation 

       The rock samples under investigation were crushed, dried and milled to a fine grain powder 
(200 mesh). Each sample was then mixed using an electric shaker to obtain homogeneously 
powdered material. The powdered samples were shaped to the desired geometry and yet 
guaranteed a good representation of the original sample material. The representative powdered 
rock samples were filled into polyethylene, circular disc-shaped containers of 55 mm diameter and 
13 mm height.  Each sample was then compressed until the height reached 10 mm. Finally, the 
container was completely filled with 10 mm of foam and stored for four weeks to allow secular 
equilibrium between radium and its daughters. 
 
Gamma-ray spectrometric analysis of powdered samples 

       Samples were measured using a pre-calibrated high–resolution gamma ray spectrometer. The 
spectrometer consisted of a closed-end coaxial high purity germanium detector (HPGe), close 
facing window geometry with vertical dipstick (500-800 microns). The HPGe detector has a 
FWHM of 1.9 keV at the 1.33 MeV 60Co gamma radiation, and relative efficiency of about 59%. 
The spectrometer was calibrated using both a 226Ra source and potassium chloride standard 
solution in the same geometry as the samples. To minimize gamma ray background, the detector 
was shielded with layers of lead, iron bricks, cadmium, copper and Plexiglas. The typical counting 
time was about 10 hours but sometimes the counting time was expanded to reduce the statistical 
uncertainty. 
 
      The 238U activities were estimated from 214Pb (242.2, 295.2, 351.9 keV) and 214Bi (609.3, 
1120.3 keV ) γ lines. Others 214Pb and 214Bi peaks were also monitored. The gamma-ray energies 
of 212Pb (238.6 keV), 228Ac (911 keV) and 208Tl (583.2 keV) were used to measure the activity 
concentration of 232Th, while the 40K activity was determined from the 1460.7 keV γ-emission. 
Based on counting statistics, the error on U, Th and  K  determinations ranges generally from 5 to 
10%, being minimum for K and maximum for Th. For ultrabasic rocks with exceptionally low 
radioelement concentration the error increases to 20%.  
 
     The activity concentrations of the natural radionuclides in the measured samples were 
computed using the following relation(19): 
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               AS  (Bq kg-1)   =   Ca   /  ε  Pr Ms                                                 (1) 
where Ca  is the net gamma counting rate (counts per second for each peak), ε the detector 
efficiency of the specific γ–ray, Pr the absolute transition probability of gamma–decay and Ms the 
mass of the sample (kg).  
The contents m in (ppm) of U, Th and K % in the samples is determined from their measured 
activity values by applying the equation (20): 
 
                          m  (ppm )  = ( A M  /   NAv  ln 2 ) t1/2                              (2) 
 
where:  A   Activity in (Bq/g) of the matter or any daughter in radioactive equilibrium,  
            M Molecular weight (g/mol), NAv   Avogadro’s number (6.02x1023) and t1/2  half-life in 

seconds. 
 
The radioactive heat production of an igneous rock (RHP in µW.m-3) can be calculated by taking 
into account the heat generation constant (amount of heat released per gram U, Th and K per unit 
time) and from the uranium, thorium and potassium concentrations C u, CTh , Ck present in rock (21): 
 
                                 RHP = ρ (9.52 Cu +2.56 CTh +3.48 Ck) 10-5              (3) 
 
were ρ is the bulk density of rock (in kg.m-3); Cu and CTh are in weight ppm ; Ck is in   weight %. 
 

RESULTS AND DISCUSSION 

        The radioactive heat generation in a given rock is governed by the amounts of uranium, 
thorium and potassium present as mentioned in Eq.(3). The radioelement concentrations vary 
greatly with rock type but exhibit certain regularities due to the similar geochemical behavior 
during the processes which determine their distribution (magmatic differentiation, sedimentation, 
metamorphism) (21). From the results it can be noticed that, radioactive heat production (RHP) in 
G.El-Erediya is about five times larger than in Bir El-Sid and Wadi El-Gemal which may be due 
to the instability in geological setting. Although the chemical composition of the analyzed rocks 
varies greatly, Th shows the same distribution pattern as U, to which it is closely related. This is 
important because of the known relationship between high surface flow and high radioactivity in 
the crust.  
 
 Mean concentrations of U, Th and K from HPGe analysis and the calculated heat generation from 
metamorphic and igneous rocks samples are listed in Tables 1 and 2. The lowest values of U (0.5 
ppm), Th (1.2 ppm) and K (0.30%) were observed in metamorphic rocks (serpentinites, and 
amphiolites) from Wadi El-Gemal (W.G). Granite rocks in G.El-Erediya (G.E) have the highest U 
(30.5 ppm), and K (3.6%) concentrations, while the highest Th concentration (23.0 ppm) was 
found in W.Um Had (W.U). Representative averages of radioactive heat production in acidic 
dykes, lamprophyer, diorite dykes (intermediate dykes), dolerite dykes (basic dykes), serpentinite, 
basalt and metagabroo, are 1.83, 1.74, 0.53, 0.55, 0.63, 0.11 and 0.65 µW.m-3 respectively, but for 
amphiolite and menalge the mean values are 0.40 and 0.55 µW.m-3. With respect to igneous rocks 
the mean values of RHP varies from 0.11 to 9.53 µW.m-3. The results show that heat production 
varies with rock type over several orders of magnitude. The highest values have been found in 
granite according to the enrichment of U and Th in late acidic derivates. 
 
      In igneous rocks, during magmatic differentiation U and Th as well as K tend to become  
successively enriched in progressively more acidic phases. Geochemically similar behaviour of U 
and Th is due to their close correspondence in ion radius, high valence, electronegativity and 
coordination number with respect to oxygen. Despite this geochemical similarity the abundances 
vary over several orders of magnitude according to the degree of differentiation in igneous rocks 
(Table 1). Consequently, because of the different heat generation constants of U, Th and K 
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(numerical factors in Eq.3), U and Th contribute in most igneous rocks a comparable amount 
whereas K contributes an alaways smaller amount to total heat production, in proportions of about 
76%: 19%: 5%. Metamorphic data shows low values of HPR for most rocks typies and the relative 
contribution due to U is about (51%), whereas that of Th (31%) and (18%) by K . 
 

Table (1) Mean concentration of U, Th and K% and radioactive heat production (µW.m-3) in 
Igneous rocks  compared with other published data. 

 
Mean concentration 

 Type of Rock 
 
 

U 
ppm 

Th 
ppm 

K 
% 

Th/U 
Ratio 

RHP 
µW.m-3 

 

Reference 
 
 

Granite B.S.      (4) 4.6 13.1 3.4 2.9 2.38 present work 
Granite W.G.    (10) 3.2 11.8 3.4 3.7 1.93 present work 
Granite W. U.  (35) 24.9 23.0 3.6 0.9 8.24 present work 
Granite G. E.   (35) 30.5 21.1 3.6 0.7 9.53 present work 
Granite  G. M. (30) 24.1 19.9 3.2 0.8 7.75 present work 
Granite  W.K.  (20) 29.7 21.6 3.5 0.7 9.34 present work 
Granite  4 - 7 15 - 40 3.4 - 4 ... ... 22 
Granite South Africa  6.5 21.6 4.15 3.30 3.51 21 
Granite  5.4 24.6 3.73 4.6 3.40 23 
Quartz diorite B.S. (3) 3.0 8.8 3 2.9 1.76 present work 
Quartz diorite  S.Nevada, 
California 0.7 1.8 0.8 2.60 0.40 21 
Quartz diorite  2.6 9.2 1.83 3.5 1.46 23 
Granodiorite B.S.  (3) 3.7 10.3 3.6 2.8 1.98 present work 
Granodiorite 2.1 8.3 2.3 4.0 1.31 22 
Granodiorite 6 16 2.25 2.7 2.82 24 
Granodiorite 3.1 12.4 2.34 4.0 1.85 23 
 Acidic dykes  B.S . (5) 2.9 7.0 2.9 2.4 1.66 Present work 
 Acidic dykes W.G.  (5) 4.0 5.8 4.0 1.45 2.00 Present work 
Acidic rocks 3.5 18 0.0 5.1 2.38 25 
Acidic dykes 4 14.4 1.9 3.6 2.45 26 
Acidic rocks 4.35 15.2 4.1 3.5 2.84 22 
Lamprophyre  B.S. (2) 3 9.6 2.0 3.2 1.74 Present work 
Lamprophyre 4.4 11.9 N.F 2.7 2.10 24 
Swiss Alps 1.2 5.5 4.1 4.60 1.12 21 
Lamprophyre 1.33 2.93 N.F 2.2 0.58 26 
Diorite  B.S.  (3) 1 2 1.3 2 0.53 Present work 
Diorite 1.8 6 1.8 3.3 1.09 22 
Diorite 2 8.5 1.1 4.3 1.25 22 
Dolerite B.S. (2) 1.2 2.2 0.7 1.8 0.55 Present work 
Dolerite 0.4 N.F N.F ... 0.11 26 
Dolerite 1...25 5...4 N.F 0.2...6.3 .. 27 
Basalt B.S.  (2) 0.3 0.4 0.1 1.30 0.11 Present work 
Basalt Japan 1.01 5.13 1.38 5.10 0.80 21 
Basalt Former USSR 0.49 1.28 1.62 2.60 0.39 21 
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Note: Number of samples in parentheses and N.F denoted to element not found in this reference. 
 
 

Table (2): U, Th and K concentrations in Metamorphic rocks and mean values of Radioactive 
heat production compared with other published data. 

 
Mean concentration 

 Type of Rock 
 
 

U 
ppm 

Th 
ppm 

K  
% 

Th/U
Ratio

RHP 
µW.m-3

Reference 
 

Amphibolite W.G. (6) 0.8 1.2 0.6 1.50 0.40 present work 
Amphibolite  0.1 -1.5 N.F. N.F. .. .. 28 
Amphibolite  0.7 1.8 0.6 2.6 0.40 22 
Amphibolite  1.7 3 1.23 1.8 0.83 22 
Amphibolite  0.1 -1.5 N.F. N.F. .. .. 28 
Amph. Swiss Alps 1.65 3 1.23 1.80 0.83 21 
Amphiblites   1.2 2.3 0.78 1.90 0.60 23 
Ivrea Zone,Italy 0.53 1.57 1.03 3.00 0.38 21 
Metagabroo B.S. (10) 1.6 3.3 1.96 2.06 0.91 present work 
Metagabroo W.G. (8) 0.8 1.4 0.8 1.75 0.40 present work 
Metagabroo  
Southern California 0.64 1.85 0.46 2.90 0.37 21 
Metagabroo, Minnesota 2.4 7.9 1.56 3.30 1.45 21 
Menalge W.G. (7) 0.9 2.2 1.2 2.44 0.55 present work 
Serpentinite B.S. (8) 1.8 4.2 1.6 2.33 0.97 present work 
Serpentinite W.G. (7) 0.5 1.5 0.3 3.0 0.28 present work 
Serpentinite  Swiss Alps 
 

0.03 
 

0.067 
 

0.005 
 

2.20 
 

0.01 
 

21 
 

         

     Metamorphic rocks are formed from igneous and/or sedimentary materials, the primary U, Th 
and K contents will be redistributed according to the degree of the metamorphic transformation. 
As a general rule, a decrease of the contents of elements is observed with increasing degree of 
metamorphism. U and Th have a tendency towards upward migration in the earth’s crust because 
of reaction due to dehydration (middle level of crust) that accompanies partial melting 
(migmatites). 
However such notably high radioactive heat generated may be attributed to several factors such as: 
(a) the presence of increased amount of accessory minerals(22), (b) the increase of radioactivity 
with the degree of acidity of these rocks, (c) the increased content of the radioactive potassium 
isotope 40K. Finally from the general tendency for the main rock groups, the radioactive heat 
generated in igneous rocks increases from basic to acidic rocks. 
 

CONCLUSION 

   Heat production varies with rock type over several orders of magnitude. The highest values have 
been found in granite according to the enrichment of U and Th in late acidic derivates. 
Representative averages of radioactive heat production in acidic dykes, lamprophyer, diorite dykes 
(intermediate dykes), dolerite dykes (basic dyke), serpentinite, basalt and metagabbro, are 1.83, 
1.74, 0.53, 0.55, 0.63, 0.11 and 0.66 µW/m3 respectively. But for amphibolite and menalge the 
mean values are 0.40 and 0.55 µW/m3. With respect to different granite types, the mean value of 
RHP varies from 1.9 to 5.9 µW/m3 . Limited heat flow data is available for the Egyptian granites, 
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but radiogenic heat production has been calculated. More dense measurements are necessary for 
further investigation of this possibility. 
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