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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. 

Keywords: Bauxite geochemistry, Pelitomorphic texture, Bauxitization process, 
Mediterranean karst bauxite, Immobile elements. 
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>�� %�0
� I3'P:

∑
=

=
n

i l

i

k
k

n
R

1

1


;7 3� %	R
1��Q	 
P��) m3���� \�
o N) ���J� 
���a��� �3'� 1��Q	 
P��KIV�'�� 3��*�
 

a�'��@ 3� 1��Q	 
r�)Ki� 
S� �3'� ,�'Q� 3� 1��Q	 
r�) V�'�� 3��*�i1��Q	 
r�) 

>�� ��J� .`�� %���+�
���*�R%�'Q� 3� 8�A���	'. 3� %.��� 
���*� �. �65 >��	'. 8�9

�R � 8�A��
���� ���3�	���3�%���*� C.�5 {����	 ���)W��L".(`�� %���+� 
���*� %	 �<�7 ��

R�Q� ���A�� %. 
���	 ���J� �3 ���3�	 8�A���	'. 3��� G�� ����� G�� I��P'rD ����'�
 &�
	 3��*� %. >��� �3 �A�7 ���. �t@(Cr)>�� 3����� k�. � n	 
r�) M� �?���N 
S� �� %	 


]�c [ �
	 3�<�A. 
)C?� .(�A���	'. 
{��� ���
.(� � s
� 
8��l'(	 8�`���+� 3� M�03'�'�
�'A5 s
� 8�A���	'. � M�0�� � M�0�
�@�� 3��� 8�A��� 
x� _
��� 3� ��� %. C��� &
	 � 8�

�� 3�
5 M�0�� 3��� 8�A��� 
x� `���+� ��
�� .3��*� ������� ,���*� ��R
��� �. �65 >��	'. 
3� ���� ����	'. 
��D= W��L"`
�T�� %� 3��'Q� 3� 8
��3�
5 `���+� ,���*� ��� � 
Ga �Zr �

Cr C?� 3� "`
�T�� �� 3��'Q� ��
Q9 %. 
R-Cr C?� 3�  �� pe�� ����	'. 8�A*0� %	 �'�
%��
���� >��	'. 8�93����	 �. 8���� >9��� �65 8�Obrovac 
��D= � 
8�^��'� Ariege � 


�3�� %���
0 g
� 1'�L.
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=2�C>��	'. >�J5'� >��� {��� 
. �A�7 z(�e� 8�93��� G�� � ���
�R � ���3�	 8�9Cr/Ni 
]b[.�
��� %�'Q� 
�'� 8�9 �� ;��� �3 z(�e� 3��� 8�A��� �9 �3��� � �65 >��	'. 8�9 ��9� .

=2�D%�'Q� C+� �65 >��	'. 8�9)�(�� �@�D'� 8�9 (>��	'. �. ;7 ,���*� �8�9%��
���� ���3�	 8�

���*� {��� 
. {����	3� ���
�R >��	'. �Ga, Cr, Zr �A�7 ]�c[.IV, III, II, I /X��� 
����. \��
� %.

�O 
M�0�� 
M�0���
�@� 3��� 8�A��� 
x� 8���� � V�������9.D, C, B, A  )�3��� �9(v'.
� \��
� %.

P��) 
���*� %.Ga, Cr, Zr,  Q��� 8�A��� 3��� M�0���
�@� � M�0�� 
V��� �O 
8���� ��� ����. .���)�

����"�%. v'.
 ���� 3� z(�e� ����	'. 
��D= ����9 W��L 3� %	H��� ��3�7 ��� .
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?	�@C
���*�Zr 
Cr
Ga%��
���� ���3�	 >��	'. 8�93����	 8�)� >��� ���3�	 >��	'. {����	3�
�� ��� ��3�7 %���*� 8�
. V*0>(%�'Q� ��65 >��	'. 8�9 ]�[.

������ Zr, ppm Ga, ppm Cr, ppm

1) Ariege (France) H!f !H  Hc
2) SE  France H]b !� "] 
3) Herzegovine (Yougoslavie) H]c "c f"c
4) Obrovac (Yougoslavie) �"c $c bcc
5) Bosnie f�" "! $]c
6) Kosova $] $c H cc
7) Parnasse I (Jurassic) (Greece) H�" "c H$H
8) Parnasse II (Cretaceous) (Greece) $f! H$ bb�
9) Mandra II (Greece)  bc Hc $ccc
10) Tran (Bulgarie) $cc � f 
11) Padura Graiului (Romania) ]$c "H "Hc
12) Gant, Halimbia (Hongrie) "cc "c $ c
13) Arkansas (USA) �Hcc ]! ��c
14) Akseki- seydisehir (Turkey)  $c !] H! 
15) CB- Qopi (Iran) "fb H] bf!
16) RB- Qopi (Iran)  �! "c ��"H
17) PB- Qopi (Iran)  ]b HH �$�$
18) BRB- Qopi (Iran)  � H$ b]$
19) GCB- Qopi (Iran)  !H Hf  fH

?	�@ D%��A� ����	'. 8�9 %�'Q� 1��Q	 
P��) �������� \��
o 
.��*��65 \��
o �. �A�7 %���*� �
���3�	 >��	'. 8�93����	 �������� � 8� %��
���� {����	3� ���
�R ]�c[.

R������� �E��� R������� �E��� 
FG/CParnasse II I,/,Arkansas (USA) 
JC/CPadurea Grailui KC/,Bosnie 

FD/DKosova -K/-Parnasse I 
K-/FMandra II C-/-Ariege 

G,/-CB- Qopi (Iran) DD/-Akseki- seydisehir 
,,/CRB- Qopi (Iran) FF/-Obrovac 

LI/CPB- Qopi (Iran) GD/-Istrie (Yougoslavie) 
L-/CBRB- Qopi (Iran) FL/-SE France 

,,/-GCB- Qopi (Iran) LL/CGant, Halimbia 
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LL/,L  Herzegovine 

=2�FI�
��T� �������� \�
o (R) 1��Q	 
P��)%�'Q� 3� �65 >��	'. 8�9)�(�� �@�D '� 8�9 (�
>��	'. �. ;7 ,���*� 
r�) �� �J.�� ;�'�) %. {����	3� ���
�R � 8� %��
���� ���3�	 8�9Cr]�c[.I


II 
III 
IV%. ����9 8���� � V��� �O 
M�0�� 
M�0���
�@� 3��� 8�A��� 
x� /X��� 
����. \��
�.A
B
�C)
�'� 8�9 �(�� (>�
�R %. v'.
� \��
� %. >���
� � >@���. 
>�@'��a�7 �� CP�O 8�9����9 .8�
.
'� C?� %. ���)� u�o"���	 %JL�
� .

?� %. %L'� �. ���
+P �9�'� {��� 
. 8�A(H
"� )pe�� �3 �@�Q�O� 3��� G�� |'� %	
�� ���	 (�� �3 %*K�� 3� �'L'� 8��.��� 8�A��� CQ�+� ;�'� 3� �65 3� %��A� 3��� G�� ��
�

>0
� 
S� .;�3�?Q9 � ;'��@�� ����Q�� ���� m�3 �� %(��� ��� n*� � >+P ���J� 8�
.]�$[
>�� ��� ���a��� .� n��
� {���
. m�3 ����. 
r�) �� `
�T�� �� 8�93��'Q W'X 3� _
+�

>�� 3�'��� �����'9 8�9����
0 .
 >��	'. 8�A�����	 8�9������. m3���� 3�Al 
r�) M� 
���. 
�. _
+�)`���+� 3�pH  ��b(�� %�D��� �'�]�H[.�. 
P��) ���J� 8�
. ��� 3� _
+�

 ���a��� 
P��) ��. �KD �����Q9 \�
o �� 
%��A� ��]�"[W��L 3� %<��� %	 
 ���� ;��� 
>�� ��� .
P��)Ti 
Zr �Nb 8R�. �����Q9 \��
o %	 %bc(R>0.9) &'����'@7 
r�) �. �3 
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�� ;��� ��9�)W��L (�. 
P��) ;�'�) %. ��� pe�� _
+� ��� .
P��) `
�T�� �� 8�93��'Q�
�. _
+�Al-Zr 
Al-Nb 
Al-Ti 
Ti-Zr�Nb-Zr �� ;��� %�R %	 ��9� W'X 3� ����'9 8�9

 >��� � ��� &
L 
��T� CQ+�� ���� >��	'. 8�9����
0Zr/Al, Zr/Ti, Zr/Nb, Al/Ti, 
Nb/Al%�'Q� 3� %.��� 8�A���� ����Q9 %*K�� ��.��� G�� 3� ��Q9 %. � ����9 ����	'. 8�9

�� 3�
5 �����'9 ���3 VD 8�3 ��.��� G�� >AL �
��)C?�!.(��� �� ,��A� ������D �

>�� ��� %�0
� 
S� 3� %*K�� 8��.��� 8�A��� �. V��
� ����	'..

�)��+ A�@ ���(M 9�N��0� 
���� 8�9���7
0 %. �.����� 8�
. 
�65 ����	'. ,��A� ;�'. ���L
. %. %L'� �. 3� C�D� ����Q��

���� m�3 �� 
;7 C�?�� &
L 
��T� I����+� �Q��]�![8����
. %	 )�()pD�� 
r�
�. 
_
+�)$(
���� ��2 C��))H(� ��� 8�����. \�	
�)"(
>�� 3�'��� 
P��) &
L 
��T�

�� ��3
. %���� 3� �3'� 
9 %	 
>�� ��� ���a��� �'� .
,��� OP�� �Q�+ R�0M:I�
��T� %	 �3 8
r�) >�� &�R 

P��) &
L 
��T� ,���+� 8�
.

���� 8�A��@�J0 � ����Q�� �Q�� �����'9 8�9����
0 W'X 3� � �3�� �	��� ��� ����
���
�. �� _
+� �
	 %���+� 
r�) ��� %. >��� �3 
��� 
P��) I�
��T� � 1�e��� 
����]�f[.��*�)� �.

 
r�) �����
0 
>�� ����	'. 8�9 %�R `��9� C�?�� 3��� G�� 
8��.��� 8�A��� %?��� 
.Zr 3� 
�����+� 8���� ;�'�) %. ;7�� 1�e��� �.

?	�@F�65 >��	'. 3� 
P��) �KD �����Q9 \�
o ]�"[.

Ba ThNbZrYNiFeCrTiVAl
ccc/�Al 

ccc/�Hf�/cV
ccc/��cH/cbcb/cTi 

ccc/�$!f/cb$ /c H$/cCr 

ccc/�$�!/c!cb/c�""H/cf]H/c�Fe 

ccc/�H$!/cbcc/c$"c/cbfH/c"H$/cNi 

ccc/�Hb"/cf]b/c�] /c $H/c�"!H/c"$c/c�Y
ccc/�!!"/c�"c�/c!!c/c�"�c/c]!c/c$!f/cbHc/cZr 

ccc/�bH$/cf$"/c�c$b/c�]�H/c $c/c�fHb/cc ]/c]f!/cNb 

ccc/�c]c/c$��/c�!"/c]fc/c cc/c]b�/cc]"/c]b�/c$$!/cTh 

ccc/�c$$/c�"f]/c!b�/c�HHf/c�c �/cHHc/c�c $/cc $/c���/c �!/cBa 
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=2�Jz@� 
�����Q9 8�93��'Q� ($-TiOHO$Al1 
(-ZrHO$Al� 
(Zr-NbI 
(-NbHO$Al

�(-Zr$TiO ��.��� G�� � ����	'. 8�9 %�'Q� ]� [.VD%��'��;�3� �� CP�O ���3 VD ��
�A. �.��

>�� �����'9.

-���� =��+ ���:M �&��:���� 8���3�<�A. �� w� ���� 8�9 ���
. ����Q��3�
0 ��'� {(LOI) 

��2 C��) 3��*� {���
. ����Zr M� 
9 8�
. 
�� %@��J� �� >��	'. 8�9 %�R � ��.��� G�� 3� 

%�R �� �� %���+� �9]�![%	 \��
� ��� %. 
:

�����
0Zr ����'9 G�� 3� )>��	'. /( �����
0Zr ��.��� G�� 3� E.F. = 
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C�1�� %������ S���M ���:M :���a��� �.��2 C��) �� 
�� ,K.�3 �� ��� 8�����. \�	
� 
����
�� %���+� 
r�) 
9 8�
. �'�]�! [:

���� �P3� \�O
. >��	'. 3� 
r�) �����
0 *R.C. = E.F. 

D��)��+ A�@ ���(M ���:M :%���+� 
�� %K.�3 �� 
P��) &
L 
��T� 
���*� ��]�! [:

���� �P3� \�O
. 3��� G�� 3� 
r�) �����
0 –M.C .= R.C. 

%�R 3� 
P��) &
L 
��T� I����+� �� ���7 >��. U���� W��L 3� �65 >��	'. z(�e� 8�9!
�� ;��� �'A5 s
� � 8��l'(	 >��	'. 8�A*0� 3� %	 ��9� �(�D 3��*� %. �97 ���	� 3��*� 
8�

>�� %�0�� k���0� ��B�� 3��*� %. s
� >��	'. /0� 3� � ���� .��	'. 8�A*0� 3� � M�03'�'��(� >
Y�
D ��� %. C��� &
	Fe�� ��9��� %�R ���Q� C�?�� 3� � �'� n	 �9 k���0� k�.�Al �

k9�	$SiO�3�� �'L� .�� ��2 ��l'(	 M� �'L� ��� &�<�� ��'?��
?�� I�J@�K� %. %L'� �.
 �97)WN�3��� (�'A5 s
� 8�A���	'. C�?�� 3� >�� CQ�+� 8��l'(	 � 8� .� ����Q9 M� �'L

 �� ��2 ��l'(	Al)WN'�'@7 (��l'(	 M� � M�03'�'��(� � ��� %. C��� &
	 >��	'. C�?�� 3�
 �� ��2Al, Fe)WN�3���'�'@7 (�� _
+�� 
P��) 
��� Y�
D �. ��
Q9 
s
� >��	'. C�?�� 3�

>�� 3'r� C.�5 V�+� .pe�� �A*0� �� M� 
9 8�
. 
P��) &
L 
��T� 8
�L 4QL �. j����A� %	 ��
%�R `
��� 3� ��
L k9�	 ����	'. z(�e� 8�9 %c�/c��fb/Hc %������� �]"/�f %W'X 3�

�� ;��� �'D �� �����'9 8�9���7
0 ��9�.

?	�@J%�R 3� 
P��) &
L I�
��T� �. pD�� 
r�) {��� 
. ���	'. 8�9 _
+�Zr.

GCB BRB PB RB CB 
$ !/$$�c/fb "/�b c�H/�! "fH/HCO-Al 
�HH/�H�b$H/Hc�$fH/� �  H/�"� !!/Hc�-SiO 
!H!/]� c$/Hc f]!/�H�c "/"f  /"c CO-Fe 
 ! /!�] f/!�]!]/!�f�!/!�]�f/!�CaO 
f]c/$�b$c/$�!b /$�fb/$�b$"/$�O-Na 
]"]/c� f /��b]H/�"�"/c�]]$/��O-K

"$$/$�]]H/��"H$/$�"!/$� H!/��MgO 
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 "c/$!  /c!H!/�]fc/c!Hc/c-TiO 
cfc/��c]�/��c]c/��c $/��c$c/��FO-P

�Hc/c��HH/c��"f/c��"c/c��$$/c�MnO 

��2 >�Jo� %. %L'� �. 
P��) W^+�� �� � ����Al)HO$Al(
Si)$SiO ( �Fe)HO$Fe ( 3�
 I�
��T� 
n9 �. �A�7 ,���*� � ����	'. z(�e� 8�A*0�Eh�� �3 ��� I�
��T� C��) ��
�QA� ;�'�

 >0
� 
S� 3� 
P��)]�][)C?�f.(
�A*0� ��� 8
��3�
5 `'+� � %(��� ��� ��0
� 
S� 3� �.
�� I�
��T� ;�'�Eh `
��� 3� �3 �3 �
0 8�A.7 �/c+��!/c+CQ�+� %��A� ��� C�?�� W'X 3�

>���� .&
L I�
��T� ,���*� �.$SiO �. HO$Al�� %	 ��� W�Q�O� ;�'� pH W'X 3� �3 �
0 8�A.7
 ���O 3� �65 ����	'. /0� C�?��!��]W^+�� �)�. %	 ��'. $SiO ����t� �L
. �HO$Al 

��� >�� )C?�](]�H[.
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=2�Kk*�pH�Eh>��	'. C�?�� 3� 
P��) _
+� %. %L'� �. �9]�][.
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=2�G>�@^O $SiO �HAl(OH) �� �J.�� ;�'�) %. pH3�OC$ ]�H[.

T��B�� 

�x~� 8��.��� 8�A��� 
. �����'9 8�9���7
0 �� ��� �)�. {��
� �� ���5'0 ���
� �.'�3 %a5�

�� � %���t�1���'� C�?�� %*K�� 3� �97 � &'����'@7 �� ��2 �.'�3 .�
?(Q) W'X 3�
 � WN'�'@7 
WN�3��� |'� �� ���9��l'(	 
%�@�� ��l'(	 �� ;N
�'� 8�9���7
07C�?�� WN�3���'�'@

>�� ��� .%. �9��l'(	 ��� %��9 �'L� &�) C�@� ��Q9 � \���� 8�9 C�?�� �)�. �'D 
;�'.
�A�0�.�
0'(	 
M�03'�'��(� 8���� ����
L � ��2�3� 8
�03'� 
��� .
. �?��'�?� 8�9���7
0 
�x~�

>�� ��� ��2�3� ��
. >0�. ��<�� �)�. %��A� ��� .���	 8�A��3
. >��?O ����������� 
�x~� 
�3�� %��A� ��� C�?�� 3� ;N
�'� 8�9���7
0 .
P��) %	 �
	 pe�� 
&
L I�
��T� I����+�

Fe
Al �Ti>��	'. 8�9���7
0 �Qo �. ���� ��'. _
+� %. � ��� ������. I3'P(residual) ��2 
��� %. 
��� %?�3'XFe�� ;��� 8���� &
L I�
��T� ����	'. n���� �'D ;�3� 3� �9� .
P��)
Ca 
Na 
K
P
Mn �Mg�� ;��� &
L k9�	 � ��� Y3�D V�+� �� ��9� .C	 &
L 
��T�

�R 3� 8��l'(	 >��	'. %c�/c�%=MCs
� >��	'. ,�R 3� 
�b/f�= %MC ,�R 3� 

M�03'�'��(� >��	'.f�/�] �=MC�'A5 s
� >��	'. ,�R 3� 
8�f�%MC= ,�R 3� �


.�
. 3��*� ��� ��� %. C��� &
	 >��	'.fb/Hc �%>�� .
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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)hA
= H- (HKLN+ HPRL+ HMS+ HKPT)hH
= 0.176 ADSPhH
= ADSPhA

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