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Abstract: The Qopi bauxitic horizon is located west of Miandoab, in West-
Azarbaidjan province, NW of Iran. It lies along the boundary of Ruteh (middle-
upper Permian) and Elika (lower Triassic) Formations. This horizon includes 
four distinct lithologic facies such as (1) bauxitic iron ore, (2) ferruginous 
bauxite, (3) Fe-rich bauxite, and (4) Fe-rich clayey bauxite. Microscopic
examinations showed various textures including pelitomorphic, fluidal, 
colloform, pseudo-breccia, and pseudo-porphyry within the horizon, suggesting 
an authigenic origin. Based upon field evidence and geochemical data, the fine-
grained diabase in the area may be the probable parent rock from which the 
bauxite layers developed. The results of calculations of mass changes showed 
that elements such as Na, K, Mg, P, Si, and Ca were depleted, and Fe, Al, and Ti 
were enriched during bauxitization processes. According to field observations, 
microscopic examinations, and geochemical investigations, Eh variations (from 
reducing to oxidizing) and suitable pH (6-8) of descending meteoric waters were 
the prime factors controlling the formation of Qopi bauxite layers. In addition, 
the enrichment pattern of immobile elements and field evidence indicate that the 
Qopi bauxitic horizon may be classified as Mediterranean karst bauxite.
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�� ?�
 %A =
Al2O3

%H =
LOI

%S =
R. SiO2

%Q =
F. SiO2

%Fe =
Fe2O3

%Ti =
TiO2

KLN Kaolinite 50/39 0/14 50/46 � � �
DSP Diaspore 00/85 0/15 � � � �

HEM Hematite � � � � 00/100 �

QTZ Quartz � � � 00/100 � �

RT Rutile � � � � � 00/100

ANT Anatase � � � � � 00/100

PRT Pseudo-rutile � � � � 99/39 01/60

PRL Pyrophyllite 30/28 00/5 70/66 � � �

MS Muscovite 40/38 52/4 26/45 � � �
KPT Kaliophyllite 23/32 � 00/38 � � �
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HEM Hematite 61/59 13/25 73/7 17/50 19/13

QTZ Quartz 59/10 25/29 79/31 02/13 05/27

RT Rutile 44/2 77/2 � � �

ANT Anatase � � 75/2 � 71/4

PRT Psuedo-rutile � � � 27/4 �
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PRL Pyrophyllite � 79/2 � � 48/6
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KPT Kaliophyllite � � 30/4 � �

SUM - 80/98 34/98 59/79 93/96 78/96
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 c�.����K�� ���� �J��$ c.��� V��e ���D� *��R �� .��� B�� ���D� 3��) 
�� 3���� 
 ,��K�(Zn, Ga, Mn, Zr, V, Cr, Ni, Cu) ��� Q"��+ �� ���Z��� �) �����") 3�<%+� .�]11[
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9�� ��D� . Y��  ��&�����%�R �"K� .�  3�<����") .�  )��� ����%� �) �10 9���") 3�4
��L � 3�<������� ���.��� ��.� ���%� >)�0 q�
������)  Q��F4 .( Y��  ��&� ����%�  � �7�2 ��

R�K� ���<��  )  	���� ���D� �. ���.�� 3�<����") .��� B�� ����� B�� C��J"h? ����"�
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�� � 	Ga � Zr � 
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 ������� 9���") 3�4.����� �) 3���� 94�� �10 3�Obrovac ���?8 � 	3�W��"� Ariege � 	

�.��  ����+ ]�� ,"�F.
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;0�39���") 9�D0"�  9�� q��� �) �<�2 p#�\� 3�4.��� B�� � �����L � ���.�� 3�4Cr/Ni
]9[.�����  �"K� ��"� 3�4�� 6��� �. p#�\� .��� 3�<��� �4 �.��� � �10 9���") 3�4��4� .

;0�4 �"K� >&�   �10 9���") 3�4)v#w��;�?"� 3�4 (9���") �) 62 '���%� � 3�4 ������� ���.�� 3�
 ����%� q��� �) q�
���.� �����L 9���") �Ga, Cr, Zr �<�2 ]10[.IV, III, II, I *R��� �����) V����  )

�I 	G�+�� 	G�+�����;� .��� 3�<��� �n� 3���� � P�������4.D, C, B, A )�.����4 ( l")�� V����  )
�J��$ ����%�  )Ga, Cr, Zr, K��� 3�<��� .��� G�+�����;� � G�+�� 	P��� �I 	3���� �������) . ���$�

1 �� 14�  ) l")� ���� .� p#�\� �����") ���?8 ����4 Q��F .�  �3��� ��.�2 ��� .
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 =	�>3 ����%�Zr 	Cr 	Ga ������� ���.�� 9���") 3�4.�����3�) � 9��� ���.�� 9���") q�
���.�
�� ��� ��.�2  ���%� 3��) P%+9 ( �"K� ��10 9���") 3�4]1 [.

������ Zr, ppm Ga, ppm Cr, ppm

1) Ariege (France) 367 63 530
2) SE  France 389 61 485
3) Herzegovine (Yougoslavie) 380 40 740
4) Obrovac (Yougoslavie) 140 20 900
5) Bosnie 714 46 280
6) Kosova 285 20 3500
7) Parnasse I (Jurassic) (Greece) 314 40 323
8) Parnasse II (Cretaceous) (Greece) 276 32 991
9) Mandra II (Greece) 590 30 2000
10) Tran (Bulgarie) 200 15 75
11) Padura Graiului (Romania) 820 43 430
12) Gant, Halimbia (Hongrie) 400 40 250
13) Arkansas (USA) 1300 86 110
14) Akseki- seydisehir (Turkey) 520 68 365
15) CB- Qopi (Iran) 479 38 976
16) RB- Qopi (Iran) 516 40 1143
17) PB- Qopi (Iran) 589 33 1212
18) BRB- Qopi (Iran) 515 32 982
19) GCB- Qopi (Iran) 563 37 573

=	�>4 ��<� �����") 3�4  �"K� ,��K� �J��$ ������� V���e �)��%��10  V���e �) �<�2  ���%� �
���.�� 9���") 3�4.����� �������� 3�  �������q�
���.� �����L]10[.

R������� �A���R������� �A���
58/3Parnasse II91/1Arkansas (USA)
63/3Padurea Grailui73/1Bosnie
54/4Kosova27/2Parnasse I
72/5Mandra II32/2Ariege
81/2CB- Qopi (Iran)44/2Akseki- seydisehir
11/3RB- Qopi (Iran)55/2Obrovac
09/3PB- Qopi (Iran)84/2Istrie (Yougoslavie)
02/3BRB- Qopi (Iran)50/2SE France
11/2GCB- Qopi (Iran)00/3Gant, Halimbia
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00/10Herzegovine

;0�5C����N�  ������� V��e (R)  ,��K� �J��$ �"K� .� �10 9���") 3�4)v#w��;�? "� 3�4 ( �
9���") �) 62 '���%� �h�$ �� �D)��  6�"�$  ) q�
���.� �����L � 3�  ������� ���.�� 3�4Cr]10[.I 	

II 	III 	IV )����4 3���� � P��� �I 	G�+�� 	G�+�����;� .��� 3�<��� �n� *R��� �����) V����.A 	B
 �C)��"� 3�4 v#w� (9���L  ) l")�� V����  ) 9����� � 9;���) 	9�;"�Z�2 �� >J�I 3�4����4 . 3��)
"� >:�  ) ���$� k�e4����  DF���  .

:�  )  F"� �) ����&J �4�"� q��� �) 3�<#3 	4 � 5)  f\�� �. �;�K�I� .��� B�� r"�  �
������ (�� �.  %E�� .� �"F"� 3��)��� 3�<���>K�&� 6�"� .� �10 .�  ��<� .��� B�� ����

9+�� �M� . 6�.�:K4 � 6"��;�� ����K�� ���� c�. ��  #u�� ��� d%� � 9&J ���D� 3��)]12[
9�� ��� ���Z��� .� d���� q����) c�. ����) �h�$ �� Y��N�� �� 3�4.��"K Q"R .� X�&�

9�� .�"��� �����"4 3�4�����+ . 	 9���") 3�<������ 3�4������) c.��� .�Al �h�$ G� ����) 
�) X�&�) Y���&� .�pH5 �� 9 (��  �?��� �"�]13[ .�) �J��$ ���D� 3��) ��� .� X�&�

 ���Z��� �J��$ ��) �E? ����K4 V��e �� 	 ��<� ��]14[ Q��F .�  7���  � 	5 ���� 6��� 
9�� ��� . �J��$Ti 	Zr � Nb 3L�) ����K4 V���e  � %90(R>0.9) !"����";2 �h�$ �) �. 
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�� 6��� ��4�)Q��F5 (�) �J��$ 6�"�$  )��� f\�� X�&���� . �J��$ Y��N�� �� 3�4.��"K�
�) X�&�Al-Zr 	Al-Nb 	Al-Ti 	Ti-Zr� Nb-Zr �� 6���  �L  � ��4� Q"R .� ����"4 3�4

 9�� � ��� !�F ���N� >K&�� ���� 9���") 3�4�����+Zr/Al, Zr/Ti, Zr/Nb, Al/Ti, 
Nb/Al �"K� .�  )��� 3�<��� ����K4  %E�� ��)��� B�� .�  ��K4  ) � ����4 �����") 3�4

�� .��0 �����"4 ���. P? 3�. ��)��� B�� 9<F ����) >:�6 .(��� �� '��<� ������? ��
9�� ���  �+�� �M� .�  %E�� 3��)��� 3�<��� �) P��� �����").

�)��+ ?�> ���(C 7�D��.�
���� 3�4���2�+  ) �)����� 3��) 	�10 �����") '��<� 6�") ���F�)  )  F"� �) .� >�?� ����K��

���� c�. �� 	62 >�:�� !�F ���N� C���&� �K��]16[ 3����)  � )1 ($ f?�� �h�
�) 	X�&�)2 ( 	���� ��- >��$)3 ( � ��� 3�����) V����)4 ( 	9�� .�"��� �J��$ !�F ���N�

�� ��.�)  ���� .� �."� �4  � 	9�� ��� ���Z����"�    .
1��� EF�� �G�+H�.C: C����N�  � �. 3�h�$ 9�� !�L 	�J��$ !�F ���N� '��&� 3��)

���� 3�<��;�D+ � ����K���K�� �����"4 3�4�����+ Q"R .� � �.�� ����� ��� ��������
�)�� X�&� ���  ��&� �h�$ ���  ) 9�� �. ���� �J��$ C����N� � ,�\��� 	����]17[ . �)

 �h�$ ������+ 	9�� �����") 3�4  �L Y��4� >�:�� .��� B�� 	3��)��� 3�<���  :��� �) ��%�$�
Zr����&� 3��� 6�"�$  ) 62 .� �� ,�\��� �.

 =	�>5 �10 9���") .� �J��$ �E? ����K4 V��e   ]14[.

BaThNbZrYNiFeCrTiVAl
000/1Al

000/1371/0V
000/1103/0909/0Ti

000/1267/0925/0532/0Cr
000/1216/0609/0�443/0783/0�Fe

000/1326/0900/0240/0973/0432/0Ni
000/1394/0789/0185/0523/0�463/0420/0�Y

000/1664/0�401/0660/0�410/0860/0267/0930/0Zr
000/1932/0724/0�029/0�813/0520/0�739/0058/0876/0Nb

000/1080/0211/0164/0870/0500/0891/0084/0891/0226/0Th
000/1022/0�478/0691/0�337/0�051/0330/0�052/0052/0111/0516/0Ba
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 ;0�6p;� 	����K4 3�4.��"K�  (2-TiO3O2Al, 	 (-Zr3O2Alx  	  (Zr-NbC 	 (-Nb3O2Al	
y (-Zr2TiO  ��)��� B�� � �����") 3�4  �"K� ]15[ . P?  ��"��6�.� �� >J�I ���. P? ����<) �)��

9�� �����"4.

2���� ;��+ ���8C �&��:���� 3���.�7�<) �� m� ���� 3�4����) ����K��.��+ ��"� q(LOI) 	
��- >��$ .��%� q����) ����Zr G� �4 3��) ���  ;��D� �� 9���") 3�4  �L � ��)��� B�� .� 

 �L �� ��  ��&� �4]16[ � V���� ���  ) 	:

 ������+Zr ����"4 B�� .� )9���") /( ������+Zr ��)��� B�� .�  E.F. =
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3�/�� %������ I���C ���8C :���Z��� �)��- >��$ ��  ��� 'E)�. �� ��� 3�����) V���� 	����
��  ��&� �h�$ �4 3��) �"�]16 [:

 ���� �J.� V�I�) 9���") .� �h�$ ������+ *R.C. = E.F.

4��)��+ ?�> ���(C ���8C  :  ��&� ���  E)�. �� �J��$ !�F ���N� ����%���]16 [:

���� �J.� V�I�) .��� B�� .� �h�$ ������+–M.C .= R.C.

 �L .� �J��$ !�F ���N� C���&� �� ���2 9��) O���� Q��F .� �10 9���") p#�\� 3�46
�� 6����"<0 i�� � 3��b"#� 9���") 3�<%+� .�  � ��4� �#�? .��%�  ) �42 ����� .��%� 	3�

9��  �+�� a��
+� 
�=�� .��%�  ) i�� 9���") *+� .� � ���� .���") 3�<%+� .� � G�+."�"��#� 9
 S��? 
�  ) >��� !��Fe�� ��4���  �L ���K� >�:�� .� � �"�d� �4 a��
+� a�)�Al � 

 a4��2SiO�.�� �"F�  . �� ��- ��b"#� G� �"F� ��� !�7�� ��":���:�� C�D;�E�  )  F"� �)
 �42)QH�.��� (�"<0 i�� 3�<����") >�:�� .�9�� >K�&� 3��b"#� � 3� .� ���{K4 G� �"F

 �� ��- ��b"#�Al) QH"�";2 ( ��b"#� G� � G�+."�"��#� � 
�  ) >��� !�� 9���") >�:�� .�
 �� ��-Al, Fe) QH�.���"�";2 ( �� X�&�� �J��$ ���� S��? �) ���K4 	i�� 9���") >�:�� .�

9�� ."h� >)�0 P�&� .f\�� �<%+� �� G� �4 3��) �J��$ !�F ���N� 3�F /KF �) �̀���<�  � ��
 �L Y���� .� ���F a4�� �����") p#�\� 3�4 %01/0 �� 79/30 % ������� �84/17 % .�

�� 6��� �"? �� �����"4 3�4���2�+ Q"R��4�.

 =	�>6 �L .� �J��$ !�F C����N�  �) f?�� �h�$ q��� �) ����") 3�4 X�&�Zr.

GCBBRBPBRBCB
256/2210/7954/19013/16473/33O2Al
133/13�923/30�273/15�553/14�566/30�2SiO
636/8�502/30786/13�054/4755/403O2Fe
565/6�857/6�868/6�716/6�817/6�CaO
780/2�920/2�695/2�79/2�924/2�O2Na
848/0�575/1�983/1414/0�882/1�O2K
422/2�883/1�432/2�46/2�536/1�MgO
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540/2655/0636/1870/0630/02TiO
070/1�081/1�080/1�052/1�020/1�5O2P
130/0�133/0�147/0�140/0�122/0�MnO

��- 9�De�  )  F"� �) �J��$ QW&�� �� � ����Al)3O2Al( 	Si)2SiO ( �Fe)3O2Fe ( .�
 C����N� 	d4 �) �<�2 '���%� � �����") p#�\� 3�<%+�Eh�� �.  ��� C����N� >��$ ����K<� 6�"�

 9+�� �M� .� �J��$]18[)  >:�7 .( 	�<%+� ��� 3���.��0 Y"&� �  #u�� ��� ��+�� �M� .� �)
�� C����N� 6�"�Eh Y���� .� �. �. ��+ 3�<)2 1/0 + ��6/0 + >K�&�  ��<� ��� >�:�� Q"R .�

9���� . !�F C����N� '���%� �)2SiO �) 3O2Al��   � ��� Q�K�I� 6�"� pH Q"R .� �. ��+ 3�<)2
 ���I .� �10 �����") *+� >�:��6 �� 8 QW&�� v$�)  � ��") 2SiO ����j� �F�) � 3O2Al

��� 9�� )>:�8 (]13[.
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 ;0�7 a%�pH � Eh9���") >�:�� .�  �J��$ X�&�  )  F"� �) �4]18[.
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 ;0�8 9�;WI  2SiO �3Al(OH) �� �D)�� 6�"�$  ) pH .� OC25]13[.

J��@��
 ��nt� 3��)��� 3�<��� �) �����"4 3�4���2�+ �� ��� v$�) q���� �� ���0"+ ����� �)"�.  Z0�

�� �  ���j�,���"� >�:��  %E�� .� �42 � !"����";2 �� ��- �)"�.  . ��:#K$ Q"R .�
 � QH"�";2 	QH�.��� r"� �� ���4��b"#� 	 �;�� ��b"#� �� 6H��"� 3�4���2�+2 >�:�� QH�.���"�";

9�� ��� . ) �4��b"#� ��� ��4 �"F� !�$ >�;���K4 � V���� 3�4 >�:�� v$�) �"? 	6�")
�<�+�)��+"#� 	G�+."�"��#� 3���� �����F � ��-�.� 3��+."� 	��� . �) �:��"�:� 3�4���2�+ ��nt�

9�� ��� ��-�.� ���) 9+�) ��7�� v$�)  ��<� ��� .���� 3�<��.�) 9��:I ������� ���� ��nt� 
�.��  ��<� ��� >�:�� .� 6H��"� 3�4���2�+ . �J��$  � ��� f\�� 	!�F C����N� C���&�

Fe	Al � Ti9���") 3�4���2�+ �Ke �) ������") X�&� ) � ��� ������) C."J(residual) ��- 
��� ) 	���  :�."RFe�� 6��� 3���� !�F C����N� �����") d���� �"? 6�.� .� �4� . �J��$
Ca 	Na 	 K 	 P 	 Mn � Mg�� 6��� !�F a4�� � ��� S.�? P�&� �� ��4� . >� !�F ���N�

�L .�  3��b"#� 9���")  01/0 � % =MC i�� 9���") '�L .� 	19/7 � = % MC '�L .� 	
 G�+."�"��#� 9���")71/18� =  MC�"<0 i�� 9���") '�L .� 	 3�7 � % MC= '�L .� � 

�)��) .��%� ��� 
�  ) >��� !�� 9���")79/30� % 9�� . 	����&J C�D;�E�  )  F"� �)
B����?��� � ��������K�� C����N� �10 9���") p#�\� 3�<%+� >�:�� �#J� >��$ 	Eh
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 � �.��+ 3�<)2pH V���� )6 �� 8 (�� � ��") ��K4 '�;�� QH G� �� ��. .� �.  ��<� ��� 6�"�
 ������� ���.�� 9���") �b�?8��� .��0 3� .

�
�@"�� 	 �0KC
 ���;��. ��  �+���)  ;�%�'����"� ��.� �����.�� Y !�� 9���    3"� �� CW�h&� 9���D�

9�� ��� �;�� 9��KI 
��� ������� �#�K:� . ��3�4�M� .�<g������ Y  #7� !��&� 6�.��� 
���� � �����."#)�� �:�� 6���� �������d� .

�L>��:
]1[�#$ ����)�$	) 9���") 3�4  ��<� 3��h�0� ����� ���� ��.�–9���L ,�-������2,	

;��.'� �����.�� 
��� ������� 3��h�0� ����� ���� ��.]1381 [.
[2] Bardossy G.Y., Karst Bauxites (bauxite deposits on carbonate rock, Elsevier 
Scientific, Amsterdam [1982].
[3] Boulange B., Les formation bauxitiques lateritiques de Cote d’ Irvore, 
Travaux et documents d’ ORSTOM, Paris, 175 [1984] 341.
[4] Bardossy G.Y., Aleva G.Y.Y., Lateritic Bauxites, Akademia, Kiado 
Budapest [1990].
[5] Nia R., Geologische, geochemische Untersuchungen Zum problem der 
Boehmite- Diaspore Genese in griechischen Oberkeide- Bauxiten der Parnass-
Kiado- Zone, Thesis Univ. of Hamburg [1968].
[6] Dana D., Cornelis K., Cornelius H., Manual of mineralogy, John Wiley and 
Sons [1985].
[7] MacLean W.H., Kranidiotis P., Immobile elements as monitors of mass 
transfer in hydrothermal alteration: Phelps Dodge massive sulfide deposit, 
Matagami, Quebec, Economic Geology, 82 [1987] 951-962.
[8] Valeton I., Bauxites, Elsevier, Amsterdam [1972].
[9] Schroll E., Sauer D., Beitrag zur geochemie von Titan, Chrom, Nikel, Cobalt, 
Vanadium und Molibdan in bauxitischen Gestemen und problem der stofflichen 
Herkunft des Aluminiums, Travaux de ICSOBA, Zagreb, 5 [1968]  83-96.
[10] Ozlu N., Trace – element contents of “ Karst Bauxites ” and their parent 
rocks in the Mediterranean Belt, Mineralium Deposita, 18 [1983] 469-476.
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[11] Shaw D.M., Interpretation geochimique des elements en traces dans les 
roches cristallines, Masson et cie. Paris [1964].
[12] Valeton I., Biermann M., Rosenberg F., Genesis of nikel laterites and 
bauxites in Greece during the Jurassic and Cretaceous, and their relation to 
ultrabasic parent rocks, Ore Geol Rev., 2 [1987] 359-404.
[13] Mason B., Moore C.B., Principles of geochemistry, John Wiley&Sons 
[1982].
[14] Rollinson H., Using geochemical data: evaluation, presentation, 
interpretation, Longman Scientific and Technical [1993].
[15] MacLean W.H., Kranidiotis P., Immobile elements as monitors of mass 
transfer in hydrothermal alteration: Phelps Dodge massive sulfide deposit, 
Matagami, Quebec, Economic Geology, 82 [1987] 951-962.
[16] MacLean W.H., Mass change calculations in altered rock series,
Mineralium Deposita, 25 [1990] 44-49.
[17] MacLean W.H., Bonavia F.F., Sanna G., Argillite debris converted to 
bauxite during karst weathering: evidence from immobile element geochemistry 
at the Olmedo Deposit, Sardinia, Mineralium Deposita, 32 [1997] 607-616.
[18] Norton S.A., Laterite and bauxite formation, Econ. Geol., 68 [1973] 353-
361.

 J���M1
?"�
 5D��.� JN> /�!@�& O��P��� 7Q@�8��N�
�� 

KLN = 2.151 R. SiO2
HKLN = 0.301 R. SiO2
AKLN = 0.850 R. SiO2
SKLN = 1.000 R. SiO2
PRL = 1.5 R. SiO2
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HPRL = 0.000
APRL = 0.424 R. SiO2
SPRL = 1.000 R. SiO2
MS = 2.282 R. SiO2
HMS = 0.010 R. SiO2
AMS = 0.848 R. SiO2
SMS =1.000 R. SiO2
KPT=1.849 R. SiO2
HKPT = 0.000
AKPT = 0.848 R. SiO2
SKPT =1.000 R SiO2

= A- (AKLN+ APRL+ AMS+ HKPT)^A
= H- (HKLN+ HPRL+ HMS+ HKPT)^H
= 0.176 ADSP^H
= ADSP^A

^DSP= 1.176 A
 (SKLN+ SPRL+ SMS+ SKPT)�QTZ= TSiO2
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