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Abstract: Permian bauxite deposits in north of Saqqez occurred as stratiform lenses of carbonate 
within Ruteh Formation. Field evidence show that these deposits formed in swampy environment 
in which the water table was relatively high during their evolution. According to petrographic 
considerations, these deposits contain ooidic, pisoidic, spastoidic, nodular, skeletal, and spongy 
textures and have an authigenic origin. Based on mineralogical studies, these deposits are 
composed of minerals of diaspore, boehmite, corundum, hematite, goethite, magnetite, rutile, 
anatase, montmorillonite, quartz, illite, pyrophyllite, talc, nacrite, dickite, k-feldspar, muscovite, 
chlorite, chloritoid, plagioclase, pyroxene, amphibole, chamosite, gypsum, calcite, and fluorite. 
The presence of high quantities of silicate minerals indicates immaturity and poor draining 
system of these deposits. Comparison of the range of stability fields of major constituent minerals 
of the bauxite ores with the pH and Eh variations of natural environments show that  the surface 
waters with oxidizing-acidic nature and underground waters with reducing-basic nature played 
crucial roles in developing of these deposits. Combination of mineralogical and geochemical data 
of immobile elements indicate that Saqqez bauxite deposits were developed from alteration and 
weathering of basaltic-andesitic rocks. 
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* $< "(� =�>0* @*(�&�A �A .���$<

 ��.+��D]sj[( U.&
$/? �
� ��? ���5�* �) �*� G�,� �
�.V��
��� � �.U�? ��
.;�.� �& �+� �–� 6�>A �: 6#� 

��d�?*# $r* �� (�*.6(��< �&�<*# ]A �< $
! @�A:

3Al4Si4O10 (OH)8 + 6Al2O3.H2O + 4Fe3O4 =
Kaolinite              Diaspore           Magnetite  

12FeAl2SiO5(OH)2 + 6H2O + 2O2
Chloritoid 

 
3Al4Si4O10(OH)8 + 6Al2O3.H2O + 6Fe2O3 =

Kaolinite                 Diaspore          Hematite 
12FeAl2SiO5(OH)2 + 6H2O +3O2

Chloritoid    

�< �X.6 �<���5�* �
* �.^T�&,�� �� �
� ��? @�A @�A
�< �4�� �& �?.<�� $��d�?*# � �B �? (�� p0�< �
�A

: ;,6(���< ( U.&
$/? ���? .�&,�� �
* �� 46�*.? RQ�>&T* �A
��*� �5
$�6 "�+&��W.

�*+,� 	
<+$ ���
�
��<�4
� K�
/� �& 
���$< "(� -�Z�* @�A]|[�� G�,� �) (A� �� 5 %�6 @*$<-

�< �&�,� ��IP� K
*$� �� � �#* �*!M @�� �.�M ���? G*.�0
 �< !� �pHb$&�% �� �
�Ax/{�6x/�:T [ / � �*(�� # ��*�

�6 @*$< LM �� "(� !* $&>? (
�< GM �� ,�x/{��y(��< =.� .
�6 @*$< �< !� � � 6.% # � 6�>A �� ,�pH!* $6Q�< z#Eh 
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<�0��
( �@$%F) G*$
* ����� ���) # ������./< �/Z� 2�3

 !* $&%�4<s/y��* .K I� �� �
!.��� �
� T* @�A)"!�< $%*
pH� < z��*|�(��< Eh (
�< s/y�>$%* #pHb!�< �� |
��*��<�(�Eh (
�< y>(��< (: ;,6 � 
�' ��,	 K
*$� ��
�� �.�]|[.�< �X.6 �<���? o
!.6 �+�.+B �� "(���
 @�A

�&,�� �� 4�� @�A b$ c&� #� �*�.>�Eh-pHK I� @�A
�7 58 ]s{[):1�l(�� $�� �< ��&,�� �) (�� @�A

LM �$;/>0 �< �P I� �� ���$< ��.� �& �?.< �IP� @�A
@( �)*�@( �* �6LM@!�< �� �!$
! @�A #� T* : ;,6 

(���< "(�.

���8���
��1 %�& 
S����? ] �$6 b$ c&� �� �*�.>� �� �& �?.< @�A

Al2O3+TiO2-Fe2O3-SiO2]sx[�� G�,� �
* �) (A�
�&,���
$6Q (T �� �5 ?$6 $&, < �A�AM @�Aa� # �*� @�A

 (��*� �& �?.<):;�x.(�$< �< �X.6 �<��# �
*$IJ @�A
�&	�
���? @�A�
$6Q �������AM @�Ad�< $&, < �*� @�A

a� # �
$
!d�< �& �?.< @�A �
Q�< @�A]�
$< [�&,�� @�A

�� : ;,6 *� ���$< ��.�(�A� .�< �X.6 �< =�T �
* �< �*�.>�
 b$ c&� ��Al2O3-Fe2O3-SiO2]s�[S����? �@�A

 �$> � �& �?.<,� ���$< ��.� $< :>&���+�� i�.% )�(
��& �?.< �
$	)s(���.U�?)j(��
$6Q){(��&
$	 � �?.<

)x(# �& � �.U�? � �?.<)�((�&�A �& �?.< ��.U�?):;�
�.(��.% �
* o
!.6 @.+�* �< �X.6 �< �$> � �� �
� ��? @�A

 ���$< ��.�):;�@�Ax#�(�< � �B ��� $��S�� �? (��-
<$? $&�< @�A ���W �< �
� > �.U\ (� Y
 G*.�0 �< �6��

G.+<M @!��*.A @�A "(��) "�!LM b$N� OP� -#*(� $  c6 #-
�AM ��) # !�� # �� �!$
! @�A�
*�! ��AM �� �>�� d�� �
*!

�&,�� �
* : ;,6"�$) �N
* �A(�* .S����? ] �$6 � ��>A-
b$ c&� �� �*�.>� �� "(���
 @�AAl2O3-Fe2O3-SiO2]ss[

�� G�,�� �! K
*$� �? (A� @.,&�� �< ]?�T �����
 $J��0Si �
 #Fe��u p0�< ��%(�Al @�A(�
*$	 �8 

��* "(� G(� �& �?.<):;�z.(

	<�L�*�.>� Eh-pH K I����? @�*(
�' b$&�% �< �X.6 �< �7 58 @.X @�A �A]s{[�&,�� � 7D.� GM �� �? ��,C� 4�C� �& �C?.< @�A
"(�(�* .�$
���pH #Eh���? : ;,6 !* �
!.��� # � 6.% �� 6�>A �� �5 % @�A]|[��* "(� a�5&D* .
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(/X�z"��>� �{�G�&��! �j|| ���)�&,�� "�+&��W # ������ �$' �& �?.< @�A. . .2��

	<�MS����? � 7D.� �$> � �& �?.< @�A b$ c&� �� �*�.>� �� ���$< ��.� -#� SiO2�Fe2O3#Al2O3+TiO2]sx[@$ %�*$D ".I� #
� 6]A �< �5�� �
� ��? @�A.

	<�N��? � 7D.�S���$> � �& �?.< @�A b$ c&� �� �*�.>� �� ���$< ��.� -#� SiO2�Fe2O3#Al2O3]s�[@$ %�*$D �+�.+B #�.%�-
]A �< �5�� �
� ��? @�A.

	<�OS����? � 7D.� �$> � �& �?.< @�Asb$ c&� �� �*�.>� �� ���$< ��.� SiO2�Fe2O3#Al2O3]ss[.

���*��- 
�,A#q' ��) �
* ���&,�� ���� S�� �  76 @*$< @�A

��* "(� "��N&�* �
� > �.U\ h#� #� !* 4�� �& �?.< .
$J��0 $
���� ] �$6Cr �Zr#Ga ��.� �& �?.< �$> � 

$
���� �< "*$>A ���$< � �?.< @�A�����? "(���
 $J��0
 G��X _/&�� ���� �� �&
$6Q # �&���?]sz �{�[)=#(Xs(

�� b$ c&� �� �*�.>� Cr-Ga-Zr ]{s[):;�a|(�� G�,� -
�&,�� �? (A�S�� $r* b$&�% �� 4�� �& �?.< @�A ���� @�A
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�&,�� �
* ���>&T* ��56�* ���$< ��*S�� �< �A �&�*!�< @�A
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Nb/Y�Zr/TiO2]{z[):1�b�(S�� b$&�% �� @�A
�&�*!�< �� �*$D(�$ % ."��N&�* h#� #� }
�&� �< �X.6 �< #$�
* !*

�S�� �"(�� *� �&
!(�M �6 �&�*!�< � A�� �< �
�A �< G*.6
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$6 �� 4�� �& �?.< @�A

�	$% $��.

	<�P(a) $
���� a��* $< �&
$6Q # �&���? � �?.< @�A�����? �< GM i�
��� # 4�� �& �?.< -#� �$> � � 7D.� Zr �Cr#GaGM �CA .I�II�
III #IV S�� $r* f8��� $+�� < ~ 6$6 �< �C�* @( C�* # ��C�� �
 K�*#(T �Y 	�� �Y 	��*$&�#* ���� @�A .KC�.&� $
��C��Zr �Cr#Ga �� 

S�� �#$T �< �
�>%�� @�AA�B�C#D"(� "�*� d
�>� S�� @$ %�*$D :I� "(�A� G�,� ~ 6$6 �< �? (�*S�� ��& �*$% @�A �K�*#(T @�A
S�� 
��M @�A S�� # Y
!�< �Y
!�<*$&�#* @�A (�*]{s[."��>� @�A��6�|�&,�� �< �& �?.< @�A��C� �.<$� G��X _/&�� f8��� �&
$6Q -
(�.�)=#(X �<j�.� �7X*$� .((b) S����? � 7D.� b$ c&� #� �*�.>� ��4�� �& �?.< @�AZr/Ti-Nb/Y ]{z[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

02
 ]

 

                            12 / 16

https://ijcm.ir/article-1-548-fa.html


(/X�z"��>� �{�G�&��! �j|| ���)�&,�� "�+&��W # ������ �$' �& �?.< @�A. . .2�2

���AD$
���� o
!.6 i�
��� ppm $J��0 Cr �Ga #Zr � �?.< ��G��X _/&�� ���� �� �&
$6Q # �&���? � �?.< @�A�����? �< 4�� @�A.

Location 
 
Zr Ga Cr References 

� Ariege (France) �9� 9� 2�t [sz]

s SE France ��m 9� l�2 [sz]

j Herzegovine (Yougoslavie) ��t lt �lt [s|]

{ Obrovac (Yougoslavie) �lt 3t mtt [s�]

x Bosnie ��l l9 3�t [jy]

� Kosova 3�2 3t �2tt [j�]

z Parnasse I (Jurassic) (Greece) ��l lt �3� [js]

| Parnasse II (Cretaceous) (Greece) 3�9 �3 mm� [js]

� Mandra II (Greece) 2mt �t 3ttt [jj]

�y Tran (Bulgarie) 3tt �2 �2 [j{]

�� Padura Graiului (Romania) �3t l� l�t [jx]

�3 Gant, Halimbia (Hungary) ltt lt 32t [j�]

�j Arkansas (USA) ��tt �9 ��t [jz]

�{ Aksoki-seydisehir (Turkey) 23t 9� �92 [j|]

�x SE Guinea Bissau 3t� 23 �33 [j�]

�� SE Venezuela lt2 2� 3�2 [{y]

�z Yercaud (India) 3t 2 3t [{�]

�| Belguam (India) ltt �t �2t [{�]

�� Saggez (NW Iran) {jz jz sy� �
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