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Abstract: The Arabian shield, in the western part of Saudi Arabia has significant iron and copper ore deposits, they 
have promising economic potential with their reserves. Nine rock samples were collected from different areas of it 
and prepared for analysis.  XRD was applied to determine the mineral composition of the samples, which revealed 
that the major minerals are QUARTZ (mostly in all samples), MAGNETITE, HEMATITE, CORUNDUM, 
GOETHITE, MONTMORILLONITE, PYRITE, ANKERITE, BOEHMITE, SPINEL and ALBITE, with additional 
minor and trace minerals. Samples were analyzed for concentrations of �, �ℎ������ , ���	 �	�� by the gamma 

spectrometer based on hyper pure germanium detector "HPGe" crystal. For U���  concentrations, the values in Bq/kg 
dry weight ranged from152.68 to 264.73 (for iron ore), 156.37 and 329.98 (for copper ore). For 226Ra,  the activities 
of  Pb	��� and Bi���  in equilibrium with parent ( Ra)���  were used to calculate the concentrations in Bq/kg dry 
weight, the average values ranged from 2.50 to 386.30 (for iron ore), 57.41 and  1048.01(for copper ore).   While the 
activities of 232Th series were calculated from daughters Ac��� , Bi��� ,    and Tl��� , the average concentrations in 
Bq/kg dry weight ranged from 1.50 to 183.90  (for iron ore), 43.66 and  44.41(for copper ore). 40K concentration 
values in Bq/kg dry weight  ranged from 2.70 to 186.99 (for  iron ore), 48.92 and 191.33 (for copper ore), and the 

U���  concentrations in Bq/kg dry weight ranged from 8.35 to 13.70 (for iron ore), ND and 18.37 (for copper ore). the 
Raeq Bq/kg dry weight which ranged from 10.88 to 333.59( for samples 1,2,3, 6,7,9),  they are less than 370 the 
permissible value adopted by EPA and UNSCEAR (2000), while for samples 4, 5 were  610.63 and 662.56 which 
they are higher than the value 370, for sample  8 ( Jabal Sayid) has the highest value 1114.21 (Bq/kg). 
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1. Introduction 

Saudi Arabia has a significant iron ore (Wadi 
Sawawin and Wadi Fatima) and copper ore (Jabal 
Sayid ) deposits. These locations in the west central 
Arabian Shield in the Kingdom have promising 
economic potential with their reserves, as shown by 
several studies. Hematite (iron ore) from Wadi 
Fatima was analyzed by instrumental neutron 
activation analysis using 5Ci ( ��− ��)��� neutron 
irradiation facility. More than 35 gamma-ray lines  
were identified as well as the concentration of Mn in 
hematite was obtained to be about 0.332 ( Hassan et 
al.,1994). Chemical analysis of the ore shows that it 
has an average content of 41.27% iron (corresponding 
to about 58.96% hematite). X-ray analysis shows that 
the ore contains goethite in addition to hematite, The 
upgrading process consists of several steps to raise 
the hematite content of the ore to about 87.11 weight 
percent( Manieh,1986).  

Measuring the activity concentrations due to 
226Ra and 232Th for hematite samples from two 
different locations (Abu Aggag and Um Gereifat) 
areas in the Eastern Desert of Egypt. The obtained 
results indicated that; samples from Um Gereifat area 

have activity concentrations higher than that of Abu 
Aggag area (Ahmed et al., 2007).  

The Palaeoproterozoic Murphy Inlier is situated 
at the southern end of the McArthur Basin in 
Northern Australia. The inlier contains over uranium, 
copper, tin and base metal occurrences (Mernagh, 
2011).  

The ironstones of Wadi Al shemysi are mainly 
enclosed within the middle part of the fluvio-
lacustrine siliciclastic succession which is consisted 
mainly of conglomerates, sandstones, siltstones, 
muddy, sandy and glauconitic ironstones, fresh water 
carbonates, tuffaceous mudstone and basalts in 
descending order. The most important diagenetic 
process in ironstone is the dehydration and 
recrystallization of the amorphous Fe-clays and 
formation of goethite and hematite cement (Mesaed et 
al., 2012). The trace element contents in two copper 
minerals (brochantite and native copper) were 
determined using k0-NAA before and after 
quantitative removal of copper by electrolysis. This 
work confirmed  that the content of some trace 
elements (Na, K, Rb,Cs,Sb, Pt and Zn) was higher 
after Cu removal in chalcopyrite(CuFeS2) and 
chalcantite (CuSO4 _5H 2O)( Taseska et al.,2012).  
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This study is aimed to determine the activity 
concentrations of naturally levels radionuclides in 
iron and copper ore samples that have been collected 
from different locations of the Arabian shield. The 
activity concentrations of 238U and 226Ra have been 
inferred from gamma-ray transitions associated with 
their decay progenies and measured using a hyper-
pure germanium detector. Details of the samples’ 
preparation are presented, the values of the activity 
concentrations and226 Ra equivalent are measured.  
Geological setting 

Many types of mineral deposits in Saudi Arabia 
are wide spread, the bulk of metallic mineral 
resources are contained in Precambrian rocks of the 
Arabian shield, in the western part of the country. For 
example deposits of base metals such as iron and 
copper. The largest known iron ore deposit in the 
Kingdom is Wadi Assawawin (extends over a belt 
measuring 15-20 by 25 km SW of Tabuk). This 
deposit holds reserves of 84 million tons at 42.5 % 
iron. Another iron ore  deposits Wadi Fatima, which 

is the largest NE-SW trending low topographic area 
in the west central Arabian Shield, Saudi Arabia 
(reserves 48.4 million tons at 45-48% iron). Also,  
Jabal Idsas (220 km SW of Riyadh)  is an important 
iron ore deposit with reserves 105 million tons of 15 - 
20% iron. The copper mineralization is the broader 
metals prevalent in rock belonging to the pre-
Cambrian periods of Arabian Shield. Many reservoirs 
copper have been explored, with large reserves of 
copper metal. Jabal Sayid,(copper mine located at 315 
km NE of Jeddah, about 40 km north of Mahd 
Althahab Mine) is  the most important one discovered 
in the Kingdom, The mine under the surface contains 
proven reserves of up to 99 million tons of copper ore 
0f 2.68%  copper metal. Also, there are many copper 
ore deposits such as Mibari at Alqassim (Saudi 
Geological Survey,2012). 
Samples and measurements 

Nine rock samples were collected from different 
areas of the Arabian shield, in the western part of the 
Saudi Arabia as shown in figure 1.  

 
Jabal Idsas-Alreyad (230.20, 450.10)            Wadi AsSawawin –Tabouk (270.90, 350.40).   

             Wadi Fadima-Makka (210.30 , 390.25).         Jabal Sayid- Al Madienah (230.90, 400.90).      
              Alzobiera–Hail (250.80, 420.30).                   Mibari–AlQassim (250.80,420.30). 

Fig. 1 Map of the samples’ locations 
 
          Table 1 shows the type of sample, its code, and 
sampling Location. 

 
Table (1): Type of sample, its code and sampling 

Location. 
Ore 

Name 
Sample 

No. 
Location (Lat. And Long.) 

Ir
o

n
 O

re
 

1 
 

Jabal Idsas-Alreyad (230 .20 , 450 
.10) 

2 
Wadi AsSawawin –Tabouk                 
(270 .90 , 350 .40)   

3 
Wadi AsSawawin –Tabouk                 
(270 .90 , 350 .40) 

4 
 

Wadi Fadima- east of Jeddah(Al 
shemysi) (210 .30 , 390 .25) 

5 
 

Wadi Fadima- 45 km of Makkah )          
(200 .30 , 390 .25) 

6 Wadi Fadima- 45 km of Makkah            

(200 .30 , 390 .25) 

7 
Alzobiera–Hail 
 (250 .80 , 420 .30) 

C
o

p
p

er
 

O
re

 

 
8 

Jabal Sayid- Al Madienah (230 .90 , 
400 .90) 

9 
Mibari – Al Qassim (250 .80 , 420 
.30) 

 
Samples were grounded, sieved by 1mm x 

1mm, then dried to 95°C for 24 hours in order not to 
lose the volatile polonium or cesium. The dried fine 
grained samples were packed in polyethylene 
Marinelli beakers for gamma spectroscopy, and then 
stored for up to four months to reach secular 
equilibrium between 238U and 232Th and their 
progenies. 
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Ten grams of the dried sample were 
analyzed by XRD for the mineral constituents. 
Samples were analyzed for concentrations of U-238, 
Th-232 series and K-40 using the gamma 
spectrometer based on high pure germanium detector 
"HPGe" with relative efficiency of 20%,  and FWHM 
4.2 keV at 1461 keV,  the measurements were done  
to twenty four hours. After analyzing the spectrum, 
count rates for each detected photopeak were used to 
calculate the specific activity (A) for each detected 
nuclide using the following equation:(Amrani and 
Tahtat,2001). 

A = 
�

�	�	�
            (1) 

Where: c is  the net counting rate of a specific 
gamma ray (count per second) 
  M is the mass of the samples (kg.) 
�  is the transition probability of gamma-decay 
energy. 
� is the detector efficiency at the specific gamma-ray 
energy. 

Table 2 represents isotopes and photopeak 
energies used for gamma-ray measurements 
of238Udecay series, 232Thdecay series,235U, and 40K. 
 
Table(2):Isotopes and photopeak energies used for 
gamma-ray measurements of 238U, 226Ra,232Th, 
235U and 40K.  

U-238, Ra-226 
series 

Th-232 series U-35 K-40 

Isot- 
opes 

E(keV) 
Isoto -

pes 
E(keV) E(keV) EkeV 

234Th 63.29 228Ac 338.42 143.80 1460.8 

234Th 
92.78+ 
92.35 

228Ac 911.16 185.70  

234mp- 766.60 228Ac 968.97   
234mpa 1001.00 212Bi 727.25   
214Pb- 295.09 212Bi 785.51   
214 Pb 351.87 208Tl 583.10   
214Bi- 609.31 208Tl 860.40   
214Bi- 1120.27 208Tl 2614.5   
214Bi 1764.49     

 
3. Results and Discussions 

Table 3 gives the X-RD results, which 
revealed the major, minor and trace minerals. Results 
show that the major minerals are QUARTZ(mostly in 
all samples), MAGNETITE (Fe2O4 with70% iron), 
HEMATITE(Fe2O30 with 70% iron), CORUNDUM, 
GOETHITE, MONTMORILLONITE, PYRITE, 
ANKERITE, BOEHMITE, SPINL, and  ALBITE, 
with additional minor and trace minerals. 

Table 4 represents the specific activity 
concentrations in Bq/kg dry weight for iron and 
copper ore samples. 

There is disequilibrium in the 238U- 226Ra series, 
so for U���  a 63.29KeV photopeak, which comes the 

decay of Th,���  was used to find the concentrations in 
Bq/kg dry weight, the values ranged from 152.68 to 
264.73 (for iron ore), 156.37and 329.98(for copper 
ore).  

For 226Ra, the activities of  Pb	��� and Bi���  in 

equilibrium with parent ( Ra)���  were used to 
calculate the concentrations in Bq/kg dry weight, the 
average values ranged from 2.50 to 386.30 (for iron 
ore),57.41and  1048.01(for copper ore).  

.While the activities of 232Th series were 
calculated from daughters Ac��� , Bi��� , and Tl��� , the 
average concentrations in Bq/kg dry weight ranged 
from 1.50 to 183.90(for iron ore), 43.66 and  
44.41(for copper ore).  

40K concentration values in Bq/kg dry weight 
ranged from 2.70 to 186.99 (for iron ore), 48.92 and 

191.33 (for copper ore), and the U���  concentrations 
in Bq/kg dry weight ranged from 8.35 to 13.70 (for 
iron ore), ND and 18.37 (for copper ore). 

It is noticed that, copper – bearing samples 
(4,5,8) have 226Ra much higher than 238U (Tables 2,4) 
which means the leaching out of uranium during the 
processes of alterations. Samples with iron minerals 
show high uranium than radium, and these represent 
the disequilibrium in the 238U-series (Table 4). 
Thorium was found to vary with variation of rock 
types and the same behavior of 40K. 

Exposure to radiation has been defind in terms 
of the radium equivalent Raeq which is calculated 
from equation (1) Tufail et al. (2006): 

 
Raeq =   ARa +(ATh  x 1.43) + (AK x0.077)     (2) 

 
Where: 

ARa, ATh and AK are concentrations Bq/kg for 
radium, thorium and potassium Bq/kg dry weight 
,respectively. 

Table (5) represents the values of  the Raeq 
Bq/kg dry weight which ranged from 10.88 to 
333.59(for samples 1,2,3, 6,7,9), they are less than 
370 the permissible value adopted by EPA and 
UNSCEAR (2000),while for samples 4, 5 were 
610.63 and 662.56 which are higher than the value 
370, for sample  8 ( Jabal Sayid) has the highest 
value1114.21(Bq/kg) because it lies at 40 km of 
Mahd Althahab known with high radiation level 
(Saudi Geological Survey, 2012).  
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Table (3): The mineral constituents of iron and copper ore samples analyzed by XRD spectrometer (Leet et al., 
1982, and Mineral Data, 2012) 
Sam.No. Major Minor Trace 

1 MAGNETITE(Fe3+
2Fe2+O4) --------------- GREENALITE ((Fe2

3Fe3+)2Si2O5(OH)4) 

2 
QUARTZ(SiO2) 
HEMATITE(Fe3+

2O3) 
CALCITE(CaCO3) --------------- 

3 
BOEHMITE (AlO(OH)) 
HEMATITE(Fe3+

2O3) 
GIBBSITE (Al(OH)3) 

ANATASE (TiO2) --------------- 

4 
HEMATITE(Fe3+

2O3) 
CORUNDUM (Al2O3) 
QUARTZ(SiO2) 

PERICLASE (MgO) 
LIME (Ca O) 
KAOLINITE (Al2Si2O5(OH)4) 
ILLITE((KH3O)(Al,Mg,Fe)2(Si,Al) 

4O10 (OH)22(H 2O)) 

MANGANITE(MnO(OH)) 
ANATASE(TiO2), 
ORSCHALLITE 
(Ca3(SO3)2(SO4)•12(H2O)) 
 

5 

GOETHITE (Fe3+O(OH)) 
MONTMORILLONITE 
(NaCaAl2Si4O10(OH)2(H2O)

10) 
QUARTS(SiO2) 
 

BEAVERITE(PbCu2+(Fe3+Al)2(SO4)2

(OH)6) 
PARTHEITE 
(Ca2Al4Si4O15(OH)2•4(H2O) 
BENAUITE(SrBaPbFe3+(PO4)2(SO4)
(OH)6) 
SCHNEIDERHOEHNITE 
(Fe2+Fe3+

3As5O13) 
IRON (Fe) 
CHESTERITE ((MgFe2+ 

)17Si20O54(OH)6) 
MICROCLINE (KAlSi3O8) 
MARCASITE(Fe2+S2) 
PYRRHOTITE (Fe2+S) 

CHLORITE((MgFe2+ )6 

(Al Fe3+)Si3O10(OH)8) 
 
 

6 
GOETHITE (Fe3+O(OH)) 
SPINEL (MgAl2O4) 
QUARTZ(SiO2) 

BEAVERITE 
(PbCu2+(Fe3+Al)2(SO4)2(OH)6) 
PARTHEITE 
(SrBaPbFe3+(PO4)2(SO4)(OH)6) 
BENAUITE 
(SrBaPbFe3+(PO4)2(SO4)(OH)6) 
SCHNEIDERHOEHNITE 
(Fe2+Fe3+

3As5O13) 
IRON  (Fe) 
CHESTERITE ((MgFe2+ 

)17Si20O54(OH6)) 
MICROCLINE (KAlSi3O8) 
MARCASITE (Fe2+S2) 
PYRRHOTITE (Fe2+S) 

--------------- 

7 
QUARTZ(SiO2) 
HEMATITE(Fe3+

2O3) 
CALCITE (CaCO3) -------------- 

8 

PYRITE (Fe2+S2) 
ANKERITE(CaFe2+MgMn2

+(CO3)2) 
QUARTZ(SiO2) 

CHABAZITE (CaNaKMgSrAlSiO24 
(H2O)) 
CLINOCHLORE 
(MgFe2+Si3Al2O10(OH)8) 
CHALCOPYRITE (CuFe2+S2) 

BIOTITE(K(MgFe2+)3AlSi3O10(OH F)2) 
HYDROTALCITE, 
MAGNETITE(Fe3+

2Fe2+O4) 
ROGGIANITE 
(Ca2Be(OH)2Al2(Si4O13)•2.4(H2O)) 
NONTRONITE 
(NaFe3+Si3AlO10(OH)2•4(H2O)) 
ARSENOPYRITE(Fe3+AsS) 

9 
QUARTZ(SiO2) 
ALBITE (Na(Al Si 3O8)) 

CLINOCHLORE 
(MgFe2+Si3Al2O10(OH)8) 
MICROCLINE (KAlSi3O8) 

BIOTITE (K(MgFe2+)3AlSi3O10(OH F)2) 
MAGNETITE(Fe3+

2Fe2+O4) 
ZIRCON(ZrSiO4) 
SAPONITE(Ca(Mg,Fe)3((Si,Al)4O10) 
(OH)2(H2O)) 
KOVDORSKITE(Mg5(PO4)2(CO3)(OH)2•4.
5(H2O)) 
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Table (5) The radium equivalent Bq/kg for the 
samples. 

 

Raeq  Bk/kg 
Sample 
Code 

Ore 
Name 

14.36 ±0.16 1 

Ir
on

 O
re

 41.34±0.34 2 
333.59±1.3 3 
610.36±0.07 4 
662.56±0.06 5 
96.55±2.51 6 

10.88±0.91 7 

1114.21±0.04 8 

C
op

p
er

 O
re

 

135.65±0.03 9 

 
Conclusion 

The X-RD results show that the major 
minerals are QUARTZ (mostly in all samples), 
MAGNETITE (Fe2O4 with 70% iron), HEMATITE 
(Fe2O30 with 70% iron), CORUNDUM, GOETHITE, 
MONTMORILLONITE, PYRITE, ANKERITE, and 
ALBITE. A state of disequilibrium between U���  and 

Ra���  is clear.  Most of the analyzed samples have 
radioactive concentrations within the accepted range 
which gives radium equivalent less than 370 Bq/kg 
dry weight for samples 1, 2, 3, 6 and 7, 9 except 
samples 4, 5, and 8 which have high concentrations. 
There for, we can conclude that the mining process of  
iron and copper ore in these area  caused 
enhancement of the exposure from natural radiation. 

 
Acknowledgement 

The authors are indebted to the Saudi Geological 
Survey (SGS) for their technical help, they would like 
to express their deepest gratitude to Prof. Najdya M. 
Ibrahiem(Nuclear Safety Centre) EAEA and Prof. 
Ibraheim Elasya Kattan (Nuclear Materials Authority)  
Egypt, for their advice during the final reading of this 
work . 
 
Corresponding author 
Safia H. Q. Hamidalddin 
Faculty of Science, King Abdulaziz University, 
Jeddah, SaudiArabia 
safiahqh@yahoo.com  

 
 
References: 
1. Ahmed N.K., El ArabiA.M., MahmoudH.M., 

Salahel-dinK., 2007. Measurement of natural 
radioactivity and its significant hazards of some 
hematite samples in Eastern Desert, Egypt, 
Building and Environment, 42 :2263–2267. 

2. Amrani D., Tahtat M., 2001, Natural radioactivity 
in Algerian building materials, Applied Radiation 
and Isotopes 54 : 687-689 

3. Atef Aly Manieh, 1984. Upgrading of Wadi 
Fatima iron ore, International Journal of Mineral 
Processing, 17(1–2): 151–157. 

4. Giles, J. R., 1998. TAN TSF-07 Pond Radium-226 
Concentrations and Corrections, INEEUEXT-98-
00505, June 1998. 

5. Hassan A. M., Madanij., Abdulmomen M., Enaiah-
Z N., El-Tanahy, 1984.Neutron Activation 
Analysis of Saudi Hematite and Phosphate 
Samples Using the 241 A m-Be Neutron 
Irradiation Facility, JKAU Sci., 6: 105-122. 

6. Leet L., Judson Sh., Kauffman M.,  1982. Physical 
Geology, sixth edition, Englewood Cliffs, New 
Jersey 0763. 

7. Mernagh T.P., WygralakA.S., 2011. A fluid 
inclusion study of uranium and copper mineral 
systemsin the Murphy Inlier, Northern Australia, 
Russian Geology and Geophysics 52: 1421–1435. 

8.  MesaedA. A., TajR., HarbiH., 2012. Stratigraphic 
setting, facies types, depositional environments 
and mechanism of formation of Ash Shumaysi 
ironstones, Wadi Ash Shumaysi, Jeddah district, 
West Central Saudi Arabia, Arabian Journal of 
Geosciences, DOI:10.1007/s12517-011-0308-5. 

9. Mineral Data, 2012, webmineral.com. 
10. Saudi Geological Survey, Mineral Resources, 

2012. 
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