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Abstract: In the Ardakan barite ore deposits, two groups of copper ore 
minerals have been identified in the barite veins. The hypogene ore minerals 
consist of chalcopyrite and chalcocite, which are associated with pyrite. The 
Supergene ore minerals are mainly composed of secondary Cu-sulfides (such 
as covellite, yarrowite and anilite), Cu-carbonates (malachite and azurite) 
and Cu-oxides (cuprite). Chalcopyrite is the most important hypogene Cu-
mineral which has been altered to Cu-supergene minerals. Chalcopyrite 
tarnishing were developed along the joints, fractures and grain boundaries as 
films and veinlets. The tarnish color on the chalcopyrite varies from deep 
blue, pale blue, pink, yellow and dark gray. The tarnish phases in the 
chalcopyrite were studied using SEM - EDXA. Sequences of the 
chalcopyrite alterations by the continued oxidation are as following: 
chalcopyrite (CuFeS2), covellite (CuS), yarrowite (Cu9S8), spionkopite 
(Cu39S28), geerite (Cu 1.6S) and anilite (Cu 1.75S). Alteration and oxidation 
caused a series of changes from chalcopyrite to anilite. These changes 
include general fluctuations in the Cu/Fe and Cu/S ratio, so that some new 
minerals form by Fe and S depletion and Cu enrichment. Weathering of 
chalcopyrite to covellite results in a decrease in iron content with 
simultaneous increase in copper. Subsequent weathering of covellite to 
anilite caused an increase in the Cu/S ratio from 0.9 in covellite, to 1.12 in 
yarrowite, 1.45 in spionkopite, 1.64 in geerite, and to 1.77 in anilite. 
Supergene weathering in the chalcopyrite of the Arakan barite is mainly due 
to galvanic reactions. 

Keywords: Galvanic reactions, Chalcopyrite alteration, Supergene 
minerals, Barite, Ardakan. 

Vol. 12, No. 2, 1383/2004 Fall & Winter

(Received: 2/11/2003, received in revised form: 09/06/2004)



���� ������	 
��
��� 
�� �������	 
���������������� ���	�� 

	�� 
���� ���� �!� ��� "�#� $��# %&%'�()� *+� ��,-./

�������	
��
 ������ �
�	� ���� ������� ���� �
����� ��
�
 .
��	��  !"
� ���� ����# ������� �$%&' �
����� ��.
(����� �	
��
 ����# ������� ���� �
����� ��
�
 .

�)"���*)+� ,-. :shekari115@yahoo.com 

0���1:������ ,0��1 ��-��� �� �2�� �1 ���34 ���� ���� �� ,0��1 ��
�
 5�46
 5�4 ���
�	�� 0�
  �
�� .6
 �7%8"4 5��"��� �� 
�#��9' ����� ,0�". 2� ,0�%�+�� � ,0�".%�+�� ��

�
 �4��34 
���6
 5%��: 5�4
";+%	 <
�  =�#
3' �7�.%	 5��"��� �)�,"+�%� <"9? ��
,"&"�� � ,0����0 (A��1�� 6
 5�4 ��� ),0���� � ,"�B�
 (6
 5�4
"-�� �),0�.%� (


�*-4 .C�
 ,0�".%�+�� ���� !0�#6
2� ,	� ��� 21�.%	 5��"���6
 �7 �
  ��	��� ���
,	�.D"���# �
0
.)��
  �
� (212E�� � 2+�4 A�%F �4��� G%H �� �0�4���*-�  � �4

2��� ��
 �
 �
0� ,0�".%�+�� 5�4 �%  .I���. �1� 5����� �1 �
0
. !0��C� �1� I����#�%F �
,	� �
4��
 <1�? ,0�".%�+�� 5�� �1 ��"# 5�*-��J � ��� .� <"��# 5�4��� �� D"���# K
�4

L0�H 21 ,0�".%�+�� SEM-EDXA,	� 2*��� ���? 2�+�M
 ��%
 .���	��� �+�%#
21 D0�-�� 
�0��� �H ,0�".%�+��,	� �0� A�%F:,0�".%�+�� )NCuFeS(�O,"+�% 

)CuS(�,0����0)PSQCu(�,".%��%"8	� )NPSRQCu(�,0�"�)SS/UCu (�,"&"�� 
)SVW/UCu(.���0� � �����%4X0 ��Y0� Z9	 D0�-� ,"&"�� �# ,0�".%�+�� �� A��""[# 5�	

,	� �
  .,9-� �� �&� �""[# <
�  A��""[# !0�Cu/Fe ,9-� �Cu/S \Y"*� 2� ,	�
���0<"��# A��""�# !0� �,	� 6
 �� ��] � ���%� � !4� �� �"^� 5��"���.�����%4 �H

,"+�%� 21 ,0�".%�+���C4 �%H 21 ���_"
 �� I�4 ���_�� 6
 ��_"
 �1 � �
  2*	�� !4�
,	� �
 .,9-� �����%4 2
��� �1 Cu/S �� `/a21 ,"+�%� �� ��/�,0����0 �� �bc/���

,".%��%"8	��db/�21 � ,0�"� �� ee/�,	� 2*��0 D0�_�� ,"&"�� �� .,0�".%�+�� �����%4
 ������ ,0��1 ��-��� ��=�#
3' &". 5������� ���&3' ,&' 21,	� �.

03�+ 
���� 
��:D�������� �,0�".%�+�� ���	��� ��&". 5�4 ������ �,0��1 ��7�.%	 5�4.

K��3  �C4����� G�	���*-
� � _"f�. �g(\h;F �� �UiR�#UWP

)��0��2+�^
 ,UN/P/�(g���0��� 2j-� ,��0�� Nk/R/�(gR(



�� ���	�������-��� �� 5
";+%	 5�4... �bc

Cretaceous Limestone

Permian Dolomite,Limestone

Dolomite,Shale

Top Quartzite

(Cambrian)

Red Sandstone,Ssndy Shale(Lalun Sandstone)

Jurassic Shale
(Shemshak Formation)

Limstone,Shale,Sandstone
(Up.Devon-Low.Carbon)

32°,29’

Mine Camp

0 5

Dolmeh

54°,23’

54°,23’

32°,23’32°,23’

32°,29’

54°,08’

54°,08’
Geological Map of the Studied Area

56�76 
,0��1 ��-����2&F�� �� ������ ,0�".%�+�� (el?�� ������ ��*	��  m�  G�3  5�*
%&"� 

,	� .���� �� 5��	 A�%F 21 ��-��� !0� �_Y
 ��
�
 \�� ,�4 ��%1���� K%h� 2� 	� 5��
,	� 21��
 5��
n �# ���34 5��"��� \'%3Y
.5��o*?� ���� !0�*3�
 ,0��1 ���-��� !0� �� 

�
 �4��34 �� �� �1�
�� ,"
%+�� � ,"-&� �,0�%&� 2� ,	� 
�� .���� ��-��� !0� �� 5��	
=�9+�]<) 21 
����. K<-� ���*-�  �� <F�n ��1 5�p� ��� � ����%J � ��%1 � �1 5�4
<) C� ��"-1 ��1_"
 I�	 �� ��"���q,	�.

X"f��%r+�. �J��� �1%	� A�^9H ��-��� ��1_"
 I�	)�0B�1 !"�����# !0�0� �;"�1�� 
!"
�. (X4� � �*"
%+�� ���4� A�^9H 2� ,	� �
 �� !"
�. �*"
%+�� 5�4 ��1_"
 I�	 ��%#

,��� �s� �� ��-��� �&F�.&F� 60
?�H �1%�q G�0 �� ��-��� !0� �1%�q \�
�� �� ������ �
,	� 2*��� ���? 5_��
 ���0� ��� �� � 23+�� 
";	 �%�)<� �(.

8�� 9^M�
 �	��  !"
� 2�^�\t��uH� �n�%u� � 2u�+�M
 ��%
 )�u	��  !"u
� 2�u^� �� v�u9*?�
�""[# ��
�� �1 ������ w%����x(.



C"n� ���� 5���  �%.y��1 �z����9�  �bd

���� �� <9? ��-��� ��1_"
 I�	 �� 5��	,	� ���� <3h# �� �1�
�� ���	��� {%� .�)0
�
  �-"&"	��5��0�2�� t��H� �� �
  �*"
%+�� ,0��1 5�4 ,2���1_"
 I�	 ���� 
�0�	��  <1�?
�*-4 .�
  ���� }"j�# �
  �-"&"	 2&n�
 �� <?�
n ��-��� !0� ��

,	�.��%# !0��]� !0�3"	 �0�_4%� ��� ���&3' �� <F�n 5~%;� 5�4)��Nki G�	 �%"&"
 
D".(�# �1 ���' ����� ,�q $�B �%;+%	 � C0��1 !"
 X0 ��Y0� �1 �5��	��h
 X0 ��0�
�� 

����
 �� �� 2� �1�
�� C*-"	���  �4Z&]����� ��Y0� �� ��%1 5%q 5��1� 
�� .��*J�
���  5�4��� � ��&-� ��
*
� �� ��
"-�� 5��1� �1 �%;+%	 � C0��1 �� ��] 5�4<j&j*
 �21 �

C4��� ,0��1 <"��# 5��1 �� 2�"
� �A�;+%	 21 �%;+%	 <0
9# �� G�9����,	� �� .=��3� 
\�+�M
 ���  5�4�"��� ��
 ���� 2O 
4����  5�%  ���� 5�4 ��
n � !"0�. ��	V/RC4��� 

$��H X3� ���� 
F��,	� .{%� �� �1�
�� ��-��� X0 ������ ,0��1 ��-��� {%3Y
 �� 
�0�
��������
n 5�
� �� 2� ,	� UVk�*��	 2q�� ,	� �
  <"��# ���� ]�[.

��3  ��
�
 
n�� ���n G�n ��K� ,	� G��� D  ���j*	� 2�� ��0� �� ,&' 21 �4
�"J~K21 �
�� ��0�.,	� �
"	� .2�� ���1� ,	� A��;*
 ,0��1 5�4.2�� G%H 2� 5�%H 21 �4

1 ��
�
 
n�� ,�4 ��2Z"#�# ��
nS�Uk�V�NS�W/W�iW�W/S�P2�� ��' ��*
 �4
��
nW/.�U/U�P/.�V/.�W/R�U�N�S/U��
n Z"#�# 21 ���� L3' � �*
 S�UR�W�US�V�SW�
UN �W�*
 �����1,	� �
  .2�� Z&]� �� ,0�".%�+�� 21 �4 C� ��_"
 21 � �
����. A�%F

�
 �
0� ,0��1 �1 ���34 �%  .
��-��� !0� ���,	� �
  ��	��� �&*j
 5��&�  21 ,0�".%�+�� .��j1 ���� �� 21

2'%3Y
 6
 5%��: 5�4
";+%	 �� 5�)"+�%� �%x ,�� ,0����0(...�
�3# �J�1 =�5�4
"-�� 21 
!4� �
  <0
9#
�� ���# 2O 5�%H 21 �"]��� <� �,	� �
��
 5�q�1 ,0�".%�+�� �� 2O 

1 ���� 6
 5�%*h
 2A��1�� A�%F 6
 ��
1� 5�4�212+�4 A�%F 5����� t��H���<1�? 
,	� �
4��
.�3� ���� �� �����%4 ��:� 2�%� �"4 ��0� �J�1 +�	 =�
�� � 
�4� C�
��
 �
�.

�"J� ��%
Z&]�2�%3� �� �
 �
0� �0�4 ��1_"
 I�	 ���� �
����. A�%F 21 2� �% �t��H� 
2�� � �
  <"��# ,0��1 5�4,	.

L"^h# !0� �� t
4 ���	��� �	��1 �����5
";+%	 5�4���0� 21 ,0�".%�+���\�+�M
 �
�0�"3" %f7 0%��: 5��"���,	� 2.1 �	��1 !0� �3O 2w�� 21 ����*�+� �%�	���"
 EDXA 

,	� 2*��� A�%F .

����������������������������������������������������������� 
1- Fluid Inclusion. 
2- Epithermal. 



�� ���	�������-��� �� 5
";+%	 5�4... �be

5:��;6 <+� 
2�� �� 5_&� 5��"��� �0�	��  �%s�
 21 ,0��1 5�4�1 ��-��� ,0�".%�+�� ��
�# ������� ,0��

UW ��-��� �&*j
 5���j1 �� 5_&� I�-��� 2�%3� y�j*���
  � 
6."�# �� \lH�^
 
��&^"F���"5_&� 5�� �0 �4 �� �%q%
1��%�	���"
 �1�#��1
 2�+�M
 .5��1 !"�E34

6
 5%��: 5�4��� L"?� !""�# �=�9+�] 2��
  �4�� 
";+%	 A�%F 21 �
����w�� 
EDXA(*	� 
 ���; .5���j1 w�� !0� ���
�2M^� A�%F 21 
 _"+��� 5�
�2�6.��

<�
 5�F��' ���� 
F�� !""�#6
 � ���%� �!4� �G%
�� �A�9	�h
 5�	 X0 $�Y�� �1 

  }j�
 ��� �4 �0�"3" .68	�
 L0�H ��G%
�� �1 2-0�^ �

� ,	� 21 5�4�	%# ��0� 

!"^^h
�����
 �F�J $�� �1 ��� �4  
.��*�"1 ���"3H� ,�q \M^� !0
�x w�� !0� ��
�&*j
 �� �4
 20_Y# ���� .G�
qU_"+��� UQ�&*j
 \M^� 5�4
";+%	 � ,0�".%�+�� 5�� 

6
 5%��: ���
 ���� 
4�.

=+�.92M^� _"+��� �� <F�n �0�*�21 6
 5%��: 5�4
";+%	 � ,0�".%�+�� 5� w��EDXA.
�3#� ,9-� ���� 
F�� 

SFeCuAuSFeCu
�������3  

NUQR/k�RW/SPURU/iPSRN/PRR,0�".%�+�� �
NQQ/kQU/k�RS/UUkRU/NPPRN/SkN,0�".%�+�� �
NUQR/k�RW/QSURU/UNN(�/`�e,0�".%�+�� (
NUQ/k�RW/QPWRU/SRN(�/(g(,0�".%�+�� b
NUQU/k�RS/kkRRU/SUS(�/(g�".%�+��,0� c
NQP/kQU/kUQN/kRS/kPPRk/QiU(�/ega,0�".%�+�� d
UkR/kQ/k�RW/NSVN/NNUd�/c��,"+�%� e
UkU/kQ/k�RW/SUSk/QNWd(/bc`,"+�%� g
UkP/kQU/kRUW/kRW/PNUi/QQRda/ge�,"+�%� `
UkR/kQ/k�RW/UPRN/URWd�/dg� ,"+�%� �a
UkR/kkQ/U�Rk/PWRU/QURde/�ba,0����0 ��
UkP/kUN/U�NQ/VWPi/Uiidd/a`` ,0����0 ��
Uki/kkQ/U�Rk/VUSN/WkQdd/eec ,0����0 �(
UkV/kkR/U�NS/PikR/SWQd`/c�a,".%��%"8	��b 
UkN/kNQ/U�NV/VPVU/NUVe�/aa�,".%��%"8	��c 
UU/kiW/U�Ni/WUWi/QWRea/c((8	�,".%��%"�d 
UkW/kW/U�Ni/VQVU/VQke(/b�(,0�"� �e
UUV/kSi/U�NN/kUSS/iPSe�/b`g,0�"� �g
UkW/kVV/U�NU/WWkN/ikied/abd ,"&"�� �`

����������������������������������������������������������� 
3- Energy Dispersive X-Ray Analysis. 



C"n� ���� 5���  �%.y��1 �z����9�  �bg

�������!� 
��-��� �� ������ ,0��1 )5_&� �"] 5��"��� ��0� � ,0��1 �1 ���' (�0�	��  5_&� 5��"���

�� 
�#��9' �
 :�,0�".%�+�� &n�
 21 �%1�
 2� ,0�%�+�� � ,0�".\���� ,	� �7%8"4 5��	 .
6
 5%��: 5�4
";+%	),"+�%� ,,0����0 ,� ,".%��%"8	� (... �4
"-�� � 6
 ��
1� 5��#��1��

�
  <"��# �7�.%	 �0 20%��: 5�4
�0��� �H 2� 6
 � !4� 5�4
"-���
"4 ��
�.
������ ,0�".%�+�� 
 ���� !0�#61 2� ,	� ���2�
����. A�%F)�&"
 ���1� �� �*��	 �# �*
 �*
 (

�
 �
0� 2#��1�� ��1_"
 I�	 �� � ,0��1 �1 ���34 �%  .=��3� A%3-"1 � �H �%x 5�F��' 
��-��� 5_�7���. 2'%3Y
 �� _"� ,	� �
  �0�	�� ]�[.5_&� 5��"��� $�3# )�� �"]

6
 5%��: 5�4
";+%	 (%�	���"
 X3� 21 �1�#��1,	� �
  �0�	��  �.

>6 
���? 
����
��� 

_"+���URw�� 21 2M^� EDXA 5�� 6
 5%��: 5�4
";+%	 �� �
� �*-1 �0�	��  21 �Y�
 
2� 
  ,"&"�� � ,0�"� �,".%��%"8	� �,0����0 �,"+�%� 5�_Y
 ��� ��. 2
��� �� �h1 ��%


�
 ���? ��"� ]R[.

���+�� 
2+�4 A�%F 21 ,"+�%� ,0�".%�+�� t��H� �� 5� �
 �
0� �0�4 �%3� �� �*3� 2� �% \�*	� 

,	� 2*��� ���? �����%4 �":�# ,h# .�J�1 �� ���� !0��j1 �� �����"
 A��M? 
q�� ��
�
 �
0� �1� I�� 21 � ,	� ,0�".%�+�� �%  )<� N(.

8�� @�&^"F lM^
 �� �_0��. �%� �0%o# .,0�".%�+�� ���	���(Cp) ,"+�%� 21(Cv).



�� ���	�������-��� �� 5
";+%	 5�4... �b`

Y"*�\5�4_"+��� EDXA^M�
 �� ,"+�%� \�� 
�#��9' �#��+�M
 :SkP/kFeQU/kCu �
SkU/kFeQ/kCu �SkR/kFeQ/kCu .,"+�%� �� �%��
 5�4��� 2� ,	� �^M�
 ��+
"
�� .!4� 
F�� 

�� � ��%1 !"f�. ��"-1 ��"��� !0� ��kP/k�#kU/k,	� �""[# �� .�
 {%�%
 !0� 
��%# 2���� 

 �1 ���	��� !"n �� ,0�".%�+�� 2�9  �� !4� �Y0�
# ���J.

��++��� 
2E�� A�%F 21 =�9+�] I�� C� �1� ���� !0� �
 �
0� ,0�".%�+�� ���� �
����. 5�4 �%  

)<� R.(2" �n $�� !"�x C4 �
 �
0� ,0�".%�+�� t��H� �� _"� �� 5� �%  .21 5��9"��#
 ���� !0� 5��1 �

� ,	�2M^� _"+��� w�� 21 5�EDXA^M�
 �� \21 ������ ,0��1 ��-��� 

A�%F:Ski/kFekQ/UCu �SkR/kFeU/UCu �SkP/kFeUN/UCu,	� .Z"��# �1 5��"��� SkR/k±UN/UCu �
SkU/kFeUi/UCu ��
 2*��� �s� �� ,0����0 �%  ]i�W[.

8�� A�&^"F lM^
 �� �_0��. �%� �0%o# .���0 ���� w�*-� ,0�(Ya) 2uE�� A�%ou1 ���� �0�u4
,0�".%�+��(Cp) .

��������B�� 
2M^� 5�4_"+��� 5�� 2*��� $�Y�� 5��
� Dj15��9"��# �1 ,".%��%"8	� ���� �:

SkN/kFeNQ/UCu �SkV/kFeR/UCu �SU/kFeiW/UCu �� �
 ���� 
4�.���� �&� Z"��# �1 5�4
Ski/k±RN/UCu �
 �
"
�� ,".%��%"8	� �% .�l"	� =�*9-� �9"��# ���
h
 5���� ,".%��%"8	

21 � ��%1 A�%F SkV/kFeNV/UCu �SiW/UCu �,	�-�� � ���	��� �
0
. !0� ,&' 2� �0D
,	� ���� !0� �Y0�
# � �
����". .21 $�B5�����0 ��
0�. 23"� ,�"9H �� �4��� !0� 2� ,	� 

,	� �""[# G�n �� �� Z"��# =�3f�� � ��%1.



C"n� ���� 5���  �%.y��1 �z����9�  �ca

����� 
Z"��# 5���� ,0�"� ��� SkW/kFeWQ/UCu �SkW/kFeSN/UCu �SkV/kFeWU/UCu ,	� ]c[.5�4_"+���

2M^� 2� ���� !0� 5�� 2*��� $�Y�� 5�]\+�4 A�%F 21 =�9+�+�� t��H� ������ ��
0� ,0�".%
�
 �% �Z"��# SkW/kFeW/UCu �SUV/kFeSi/UCu �
 ���� �� 
4� .�
%3' G%
�� �1 ���� !0� 
SS/UCu *J�� �
 2�%  .<� i���� ,0�".%�+�� �1 �� ,0�"� � ,".%��%"8	� 5�4��� ��9#�� 
�
 
4�.

8�� C�&^"F lM^
 �� �_0��. �%� �0%o# .,".%��%"8	�(Sp) � �",u0�(Ge) AB%ouh
 ��%u��1 
���	����� t��H� �� ,0�".%�+��.�Y0�
# �""[# 21 SP 21 Ge�%  2q%# .

D����� 
��
%3' G%
�SVW/UCu ���� 5��1 ,"&"�� .�����"�
  �,	.�� !0� ��A�9"��# 

Ski/kFeV/UCu �SkV/kFeVW/UCu �SkN/kFeVP/UCu �
 �� ,��� �s� �� ,"&"�� ��� ��%�' 21 ��%# 
]W[.

^M�
 6
 5%��: 5�4
";+%	 �� ,"&"�� ���\2�+�M
 ��%
 5���� Z"��# SkW/kFeVV/UCu 
,	� .,	� �
  2*��0�. ,"&"�� ���� ��%�' 21 ��� !0� .���0� �� ���� !0� 5�4 �I��
J�� 
";	 �# 5�*-���+�M
 ��\�1 �.%�	���"
 �1�#� ,	� .<� W�,0�".%�+�� ��9#�� 

�1 �� ,"&"�� � ,0�"�C4�
 ���� 
4� .��<� S,0�".%�+�� $�3# 2'%3Y
 21 5�4��� �� 5�
 �
  ��	��� 5%��:,	� �J�1 �� ��j1 <1�? ,0�"� � ,"&"�� �� �0�	�� ,	�.

� ,	� ,0�".%)+�O 21 ��� !0�*)0�_� ��%pn A�%F �� �,"+�%ODj1 ,3	 21 ����"1 5�4
 �2�%3�6.2*��� ���? ,"&"�� ,0��� �� � ,0�"� �,".%��%"8	� �,0����0 Z"#�# 21 ,"+�%� �� 
,	� .��"Y�� !"�x5�K
�4� ���� �4��� �� #<0
9 ���� �����%4 !"n ��0
�0 21,	� .2*9+�

�����%4 A
  � {%� 21 2*-1 ��+�%# !0��
A�%F 21 
��%# � <
�� �0�%  �
0� }?��.



�� ���	�������-��� �� 5
";+%	 5�4... �c�

20

Cp

Cv

Ya
Sp

Ge
An

6060

20

S

Fe

20

60

Cu

Mol %

8�� E,0�".%�+��(Cp) � �����%4 � �%"	�
"-�� AB%oh
 ���� 
���
 ��0_q $�;1 ",0�(Ge) �� 
,"&"�� � ,0�".%�+�� t��H�(An)o1 2["# A�% �%  �
 �
0� 5��%
 =�90�^# 5�4.

8�� F,	� �
  ��	��� 5%��: AB%oh
 21 =�
�3# ,0�".%�+�� 2�M? .,"&"��(An) � 
";	 I�� 21 
�",0�(Ge) �
 �
0� ,0�".%�+�� y~�� G�� � ���� I�� C� �1� I�� 21 �%  .F�� ��*-u�  <h
 

�
 ���� 
4�.

8�� G��+%
 
F�� ���%3Cu-Fe-S  ��-u��� �� �u��� �+�%u# � 6u
 5%��: 5�4
";+%	 �,0�".%�+�� 
������ ,0��1 .



C"n� ���� 5���  �%.y��1 �z����9�  �c�

$�D 
������+���� + ����� 
�2�%3� �&� =�9+�] ,"#%� �5
"-�� � ����%4 5�45��3s�
 �1 ��2<� 2� ����� �%q�

 !"]���,0�". ,	� )<� P.(
� �3s�
 <� ,"#%� 2� 5���%
 ���������� ,0�". 5�0�^1 
-�� �� ���n ���0D,	� ,"#%� 21 ,0�". .2�%3� �p�1 �� �4����34 ,"#%� �1�
0� ,0�.%�

�
 �%  .4�� !4� 5�4
"-���
"4 � 
"-���1 �� X"3*0� � $��%&� ,��1 22� ����� �%q�
Y"*�\1 !4� 5��	���� 2%F�-�� �H 5
"f%&� G7 A�0D,0�".%�+�� � ,0�". ,	� .� ,"#%�

,"	����
"8+��%3� �� 2� ,	� !4� 
"-���
"4 � 
"-�� C�
 ��� �� 2�
0� 2�+�M
 ��%
 5�4
�
 �% .

8�� H�&^"F lM^
 �� �_0��. �%� �0%o# .&� 5�� ,u"#%� Cs�
 (Go)  u1 2<�u  ��%u�' 5��uY
 
,0�"..

I�!��� >6 ����D 
�� 

,"�B�]N)OH(RCONCu [,0���� �]N)OH(N)R(CORCu [!0�# C�
6
 5��#��1�� ���

2�%3� �� �
  �0�	��  �� ��
^
 !0�*�"1 ,"�B�
 �������� ��h+ �� 2� ,	� 2�+�M
 ��%
 5�4
���� .���� �� ��"���q $�� 21 =�9+�] ,"�B�
 ��1_"
 I�	 2#��1�� 5�4�122+�4 A�%F 5�

!4� 5�4
"-�� t��H� )<� 5��Y
,0�".%�+�� ( <��
��"� A�%F 21 �4�� �
D %. �;n �&J�� 5�p� 2� �0�4��4�
 �� �
 �
0� �
�� %. �% .

�9  �� �5
"	� 5��+%&h
 A�%F 21 _"� 6
 �,0�". D0�-�� �1 ���34\���J ,0�".%�+�� 
�
 �%  ),0�".%�+�� �����%4 .(5
"	� �0��  ���!"0�. 5��^�� 21 � ��%1 <n <1�? 6
 

�
 ,��n 
�� .^M�
 ��\2�+�M
 ��%
 �#��1�� ,&' 21 25
"	� 5��+%&h
 ���1_"
 I�	 ��%1 
6
 2*-��%*� ��� Dj1 21 
�� ��� � 
�%  <^*�
 !0�0� 5�4 
 ��] 5�4K�7�.%	 1 �� 2�%q�

���� .2#��1�� 5��"�����1_"
 I�	�6
 5
"	� 5��+%&h
 ���� ���J �1 ���)D0�_��pH(



�� ���	�������-��� �� 5
";+%	 5�4... �c(

�� ��+%&h
 6
 5�%*h
12,0���� � ,"�B�
 A�%F 2*������O
�� .��] ��+ �7�.%	 5��	
2�%3� �J�1 �� 6
 ��%9� C*-"	 �� ���J ����� 6
 $%Y4 ,&' 21 �4���
 �s� 21 
	�

,	� �
  2*J���. �� 21 2
��� �� 2� �
  
�0��� !0� Zq%
 5��0� <
�'.=��3�2+�4 �%q� 5�
,"�B�
 �� ��"4 � 
"-�� t��H�!4� 5�4
"-���
 )&� 5�� !"]���,0�".%�+��(�?%#

6
 5��+%&h
 �
 ���� �� ��� 
4� )<� 5�4 Q�Uk.(2*��� ���%�x �0� 5������� �
 
6
 5��+%&h
 �� �� ,0���� � ,"�B�
 ����
 ���� 
4� ]S[:

+−+

+−+

+=++

+=++

HCoOHuCHCooHCu

HCoOHCuHCooHCu

Azu

Mal

4223

322

232332
2

32232
2

)()(

)(
)(

0�B�
 21 ,0�.%� <0
9# �2q%# Z+�q A��� �� ��0� �� 6�'�1 �0 ,",	� .21 �
0
. !0�

  �0�	��  2�+�M
 ��%
 lH�^
 �J�1 �� z%��)<) UU(.D���� �0�"3"  21 <0
9# !0�

�
 ���� ���� �0� A�%F �%  ]W[:

MalCup
eHCoOHCuHCooHoCu )( −+− ++=++ 22 322322

8�� J2u+�4 �%q� ,u"�B�
 �� 5�(Ma) !u4� 5�4
"-u���
"4 � 
"-u�� t��uH� )u <�5��uY

,0�".%�+��(.



C"n� ���� 5���  �%.y��1 �z����9�  �cb

8�� 9K ���J
,u0�".%�+�� �����%u4 �� <uF�n ��� 6
 5
"	� 5��+%&h
 ��5�u�"��� �u	%# 
,"�B�
 5�"� <�  � ��1_"
 I�	 2#��1��(Ma).

8�� ��,0�.%O <0
9#)Cup(,"OB�
 21)Ma.(

LM������ +
2� 5
";+%	 ���� �� �*?��1v�3# �� 
���� <"-��*. t�*J� C4 �u�0�*�+� C"^*-u
 
�u �1,

D���� Z	��
 ,"+��*�+� �%pn �� 5��� 5�#�1b�
 �� 
4� .,u+�n !0��� <"-u��*. �u1 ���u� �
�#B�1 <3' 
#�� ��%�' 21 �

�O�
 �;n �!"0�u. <"-u��*. �u1 ���u� 2u� �+�n �� �%  �� �u#

����������������������������������������������������������� 
4- Galvanic reaction. 



�� ���	�������-��� �� 5
";+%	 5�4... �cc

,"�?%
����? 
��
��"� � �� �1 �G�uh�� � ����%uJ ��x� ���*�+� ���� ,	 �u
 �%u  .��u�
!"0�. <"-��*. �1 ���� ����%J �#),u0�".%�+�� <u�
 VRSi/k�,0�+�;u	� VUPP/k!+�u� �

VNNP/k(D0�_�� �1∆V)�
��� <3' ���� �� !"1 <"-��*. t�*J� (�
 D0�_�� 
1�0 .D0�_�� �1
���*. �1 ���� ����� �� !"1 <"-��*. t�*J!"0�. <"- 
u  
u4�%J ���%uJ �*�u"1 � �*�0�	 ��# .
.5�#B�1 <"-��*. ,0�")ViNi/k(,u0�".%�+�� 21 ,9-�)VRSi/k(���� .!u0� �� 2uY"*� ��

 ZM? ,0�". D�����
�� ZM? ,0�".%�+�� � 
#�5�#�1�
 <"��# �� 
4�.
G�o#� 5�#�1 ��� ".%�+�� �� ���*�+� ,��n Z9	 ,0�".%�+�� � ,0�". ,u0�". ,3	 21 ,0�

�
 ,u	� ,u0�".%�+���� �0�"3"u  ����%J {��  !0� 2� �%  ]W[.u^M�
 ��\2u�+�M
 ��%u
 
�
 �
4��
 �1%J 21 ,0�".%�+�� �1 ,0�". I�#���# � C"^*-
 ��9#�� �%  2O 5�%H 21 �� 2� 

y� �%pn�D���� 5�45��� 5�#�1 2'%3Y
 !0� �� �
 �� 2uO 
u4� ���u	��� 5��u1 �� 2u�"
� 
C4��� ,0�".%�+�� �
����".�
���� .2�+�M
 ��%
 ��-��� ���H�_"� _0� ��"-1 A��~ A�%F 21 

�
 �4��34 �� ,0�".%�+�� ������"
 
�� .<"-��*. �1 �o�' !0� VSR/U,u0�".%�+�� <1�^
 �� 
,	� ����%J�1 �0B�1 =�*9-� <"-��*. �� .��5�#�1 �H �0�"3"  ����*�+� �,0�".%�+�� ZM? �H

 
�� ZM? ,0�".%�+�� � 
#��5�#�1 �
 <"��# �� 4��
.�D��� 5�4 ��� 5�#�1 2u'%3Y
 !u0� �� 
�
 �?�1 ���%j� ,	� �H � �
  ,0�".%�+�� G�h�� Z9	 
��
 .<�u  2u1 2uq%# �1 �+� 5�u"�

 5������� {%� !0� ��H �
�� ��"-1��� 5�#�1�� ���
�x D^� 2*u �
� ,u0�".%�+�� ���u	���
,	�.
�^M�
 �\�_uY
 A�%uF 2u1 ,u0�". �� ��uj1 2u�+�M
 ��%u
 )�u1 C"^*-u
 v�u3# ��
u1

,0�".%�+�� (� ��%1 5
"u	� 5��+%&h
 � !4� 5�4
"-�� 21 �����%4 �H <0
u9# ,u	� �
u  .
5�uu�+%&h
5
"uu	� �
uu 
"+%# ���4
";+%uu	 5��uu1 5%uu? G�uun �,uu0�". D0�-uu�� �uu1 2��uu0�
,0�".%�+���,	� .5
"	� 5��+%&h
����� 
"-�� <n <1�? 5��#�;+%	 21 �� 5
";+%	 5��"��� 
21 �%J �A�%F �
 �"n� ��� A�;+%	 
�%  .Du^� �<u3' !u0� �H �
  ��Y0� 5
"	� 5��+�n

���
���KA�_&� �6
 =�F%oJ���� G%&h
 �� �� �
.


+�4 �%q� ��.%�	���"
 A��+�M\z%u�� 2u1 ,u0�".%�+�� t��uH� �� �� ,u"+�%� �� ����� 
���� �

4� .�5�4
";+%u	 ��
u0�. 5�u4��� �� �u�0 ��%u�' 2u1 ,"+�% �� �u��# �6u
 5%��u:
2�%3� ,0�".%�+�� C+�	 =�*9-� 5�4)�*	� 2�%3� �� (�
 �
0� �% .
1���u� ,u"+�%� 2u1 �� ,u0�".%�+�� ���u	��� �,"+�%� ���� ,0�".%�+�� _0� ��"-1 5�0�^
�
 
4� .,0�".%�+�� �����"
 A��M? �%q� ���u	��� 2&n�
 !"+�� K
�4� ���� ,"+�%� ���� 

�%1 ���34 ,"+�%� D0�
". �1 2� ,	� ,0�".%�+���,	� .
� �
  
"-�� ,0�". �"s� ����� ��"-�� �1 y� �"h
 �� !*��� ���? $���4 21 ,0�".%�+��

5�%*h
 1 �� 6
2�
 ���J �� �� 5
"	� 5��+%&h
 A�%F 2u'%3Y
 21 ,0��� �� � �%  5���



C"n� ���� 5���  �%.y��1 �z����9�  �cd

 !4� 5�4
"-���
"4 � 
"-��<0
9# �
 �%  .21 ��"-�� 2� �M0��  �� �+� 
un �%uq� ����

 �1 2* �
���
2'%3Y
 21 
��%# �%  <0
9# 6
 5%��: 5�4
";+%	 �� 5� ]V[.

-�� � ���	����0DXu0 =�u9+�] ,u�"9H �� �6
 5�4
";+%	 ��0� 21 �� <0
9# � ,"+�%� 
2&n�
 
�x 
�0��� 5�,	� �2,	� ���34 ��
0�. 23"� 5�4��� ��Y0� �1 .�
u  �0�u	��  5�4���

 w�� 21EDX 2u+�4 A�%F 21 =�9+�] 2� 2�+�M
 ��%
 2^M�
 �� 6
 5%��: 5�4�%;+%	 �� �� 5�
 2E�� A�%F 21 �0 ,0�".%�+�� t��H� �
 �
0� �� ���� �0�4 �%  �� 
�#��9' :�,"+�%� 0�,0����

�,".%��%"8	� ,"&"�� � ,0�"�.
�-�� G%oh
 !"+�� ,"+�%�0D� ,0�".%�+�� 	���� �� ,u0�".%�+�� 5�u0�^1 �%uq� 2� ,

,"+�%� <"��# � ���2�%3� �� ���# �u
 ���u� �� �
0
. !0� C+�	 =�*9-� 5�4 
u4� .
u��� 2u
���
-���0D,u	� �
u  ,u"&"�� 2u1 ,u0��� �� � ,u0����0 21 ,"+�%� <0
9# Z9	 �����%4 �.��

�+�M
 ��%
 2^M�
2�Iu�� �1 2� ,	� ,"+�%� �0 ,0�".%�+�� ���	��� G%oh
 !0�J� ,"&"�� 
,u	� }"j�u# <1�? 6
 5%��: 5�4
";+%	 ��"
 �� 
";	)5��&�u  i�W(.���u	��� 
u��� 

�0� A�%F 21 ������ ,0��1 ��-��� 2^M�
 �� ,"+�%�,	�.
(An) ,"&"��(Ge)→�,0�"→(Sp) ,".%��%"8	�(Ya)→,0����0→(Cv)�,"+�% 

�+%
 
F�� ���%3�Cu-Fe-S�,u0�".%�+�� ���u	��� 
u��� u1 ,u"+�%� 2�2u1 ,u0��� �� �
,"&"�� �� ��
 ���� z%�� 21 
4� )<� V.(D4�u� �
%u3' 
u��� ����u"1 �1%J 21 ���%3� !0�

 -�� �H 6
 5�%*h
 D0�_�� � ���%��0D,u	� ,u"&"�� 2u1 ,u"+�%� .-u�� 5���u�����0D
���%� ���J �,"+�%� �
 ���� A�;+%	 �%0 A�%F 21 �� 
4� .2u1 ,0�".%�+�� ���	��� 2Y"*�

 ,	� 6
 5�%*h
 D0�_�� �1 ���34 !4� 5�%*h
 D4�� �,"+�%� .2u1 ,u"+�%� ���u	��� �uH
 ,9-u� �,"&"��Cu/S ��QU/k�Q/k2u1 ,u"+�%� ��UN/U�kQ/U,u0����0 ��,iW/U�NQ/U��
,".%��%"8	� ,Si/U�W/U� ,0�"� ��B�1 21 ��JVV/U,	� 2*��0 D0�_�� ,"&"�� �� .
��� !0��

�� � 6
 5�%*h
 D0�_��4-�� �H �� ���%� D�0D�
 ���� ,"&"�� 21 ,"+�%� 
4� .2u1 $�B
5�����0 ,	� 2�-u�� G%ouh
 2� 5�%H 21 2* �� 2
��� 2^M�
 �� �����%4 
����0D�0�u�� 

,0�%�+�� �,"+�%� )20%��: (�%1 
4�%J.
��� 
F�� Zu"#�# 2u1 ,u"+�%� �� ���%u� � 6
 �)SP/SN�PP/Sk (�)SU/RW�PN/RR(���
,uuuu0����0)N/SV�SS(�)PW/Rk�VS/NQ(,".%��%"8uuuu	� �� �)VU�W/SQ (�)VQ/NV�W/Ni(�
,0�"��� )i/VR�W/VU(�)P/Ni�NN(�1��1 ,"&"�� �� �VS�W/NU ,	�.���� !0� �1%uJ 21 �4

��] � ���J �:� �� �� 6
 ��
  �
 ���� ���% 
4�.2u1 ,u0�".%�+�� 2�9u  �� �%;+%	 ���J
��] Zq%
 A�;+%	 A�%F �� A�%F 21 6
 �7�.%	 ��
  ,	� �
  ,0�".%�+�� �� �q.

���� � ,"+�%� ���	��� AB%oh
 ��%�' 21 ,"&"�� � ,0�"� �,".%��%"8	� �,0����0 5�4
 2�%3� �� ,0�".%�+�� �
 �
0� �0�4 % 
�0�".%�+�� 2� ���u� <3h# �� 5��0� ��"-1 �����%4 ,



�� ���	�������-��� �� 5
";+%	 5�4... �ce

,	� .2�%3� !0� �� 2� 5�%H 21 ��u	��� 5%��u: AB%ouh
 2u1 ,0�".%�+�� �� 5��0� Dj1 �4
 ,	� �
  .��*-�  ��
*
� �� =�9+�] �����%4 ,u0�".%�+�� A��M? _��
 ,3	 21 � �
  ��]� �4

 ,	� ���� 5�� D". .21 ,��n �1 ,u0�".%�+�� A�u�M? _u���
 5%	 ����%u4 2u+�4 ���,9-u� 
Cu/S �
 D4�� 6
 5%��: 5�4
";+%	 � 
1�0 �
  ��� �1 ,u0�".%�+�� _u��
 ���,9-u� !u0� 

�
 �
". D0�_�� 
�� .# �
0
. !0��D���� �": -�� 5�4�0D�u�] �� �+�%u*
 6u
 ��
u  �� 2u1
 �1%J �
 ���� 
4� .2�%3� �J�1 �� u'%3Y
 2u1 ,u0�".%�+�� $�3# �4\";+%u	 �� �u34�� 5�4


 ���� ��:� ���# � �
  ��	��� 6
 5%��: �1%uJ 2u1 �
u  {��u  �uY�� �� �����%u4 2u� �0�u4
 ,	� }j�
)<� S.(

,0�". 
���
 ���*0�".%�+�� �J�1�!4� 5�4
"-���
"4 � 
"-�� 21 � �
  ��	��� �
 
�� 
6
 ��
1� 5��#��1�� A�%F 21 ���� 6
 5�%*h
 �� �%3� t��H� \���u� y%u	� ����%u4 ,u	� .

2�%3� �
 ���� �� ���	��� {%� !0� 2� �0�4 4����� 21 �%1�
 �
 2� ,	� � �1 � 2*-�  5�4
 # ,h# �*n�� 21�y� �": "-�� 5%q 5�4�����,	� 2*��� ���? .,u0�".%�+�� 2� �+�n �� �0�u4

 '%3Y
 21 2�\6
 5%��: 5�4
";+%	 �� �34�� <0
9#�
  ��� �u1 �ouj�
 ��9#�� 
�� 5�u4
&j*
 y� A���Y
 �� �*3� � 2* �
� <j2* �� ���? ��
"-�� 5�4 
�� .�
 �s� 21 ��+ 2*-u1 
u	�

 y� 21 ,0�".%�+�� �	�*	� ��_"
 21 ��"-�� 5�4 ����=�
�� ���	��� {%� �%u1 
4�%J A��;*
 .
�J�1 ���j1��5��-��� �=�
�� ,0�".%�+�� ���u	��� 2u�%� �"4 � ,	� ���%j� ,	� � C+�	 
���� �� �3� 
4� .2�%3� 1 �"J� 5�42��u1_"
 I�	 �� �
����. A�%F��u1 �H�u9#�� �"u4 ��
u1 

��� 2*-�  5�4��
 �
0� 
�%  .

���	�� 
^M�
 ��\2u�+�M
 ��%
 ��0�u	��  ,u0�".%�+�� {%u� 2u	 �
u  
u�� .�G�� 2u�%3� 2u1 2u� �0�u4

 &� ���# � �
  ��	��� !4� 5�4
"-��5�� 5��Y
 21 �� ,0�".%�+�� �� ����� �%q� 
u�� .�$��
2�%3� ���u� �� 2u0%��: ��
u  �u�] �'%u� � �
u  ��	��� 6
 5%��: 5�4
";+%	 21 2� �0�4 
�
 
�4� .�$%	 2�%3� �
�� <3h*
 �� ���	��� 2�%� �"4 2� �0�4 
��.�� {%u� 5��*0�".%�+��$�

D���� 5�	 X0 �H -�� 5�4�0D2'%3Y
 21 �+�%*
 u# �u1 5%��: 5��"��� �� 5� 5_�7���u. �+�%
,	� �
  ��	��� �0�.

,"&"��→,0�"� →,".%��%"8	� →,0����0 →,"+�%� →,0�".%�+�� 
!"+�� ,"+�%� � ��%1 ���34 6
 D0�_�� � !4� D4�� �1 ,"+�%� 21 ,0�".%�+�� ���	���

-�� � ���	��� G%oh
�0D,	� ,0�".%�+�� .���.,"&"�� 21 ,"+�%� ���	��� �,9-� 
Cu/S ��Q/k21 ,"+�%� �� UN/U,0����0 �� �iW/U,".%��%"8	� �� �Si/U,0�"� �� ��

VV/U,	� 2*��0 D0�_�� ,"&"�� �� .���� !0� ���� 6
 D0�_�� �1 ��
� C4 �� ���%� D4�� �4
�
 
4� .1 �%;+%	 ���J2A�;+%	 A�%F���] <
�' A�%F 21 ,0�".%�+�� 20%��: ��
 



C"n� ���� 5���  �%.y��1 �z����9�  �cg

,	�q�� .^M�
 ��\M
�#��+��2* �� 2
��� ���	��� 
��� ,	� ���0� ,"&"�� 2O 5�4��� �� ��0
0%��:\��
0�.�� � ��"1��"1 ��,"+�%� 5�	�,	� ,0�%�+���
-�� �H ���� <"�0D5�4 5
�1 

�#��
0�. ��� 215�%  <0
9# �,	� ,0�%�+�� ��34 2� .
��"-�� 5��1� �1 ,0�".%�+�� v�3# � ��9#�� ��_"
 D^� ����� �3�
 ���	��� 
��� � {%�

���� ,0�".%�+�� .6
 5
"	� 5��+%&h
 �
  ���J ,0�".%�+�� ���	��� �� <F�n ��� 21
\&"	�#��1�� 5��"��� \��1_"
 I�	 �,	� 6
 ��
1� 5��#��1�� <"��# <
�' !0�*3�
 .

���	 ��N + ��,O 
���
� v
��
 C��J ����	 A�3n� �� )�	���"
 ����0�
�� G%r-
 �	
��
 ���� ����*�+� �%

��%
��� �
����� ����# ������� (�
 �����
? 2��3"3F 5���34 �H�J 21 �% .�� !"�E34

�����K$%&' ����# ��������
 �0
^# A����
� ����� C4��� �H�J 21 �%  .

P.��6 
]�[5���  ��� �&' �"3" %f7 ���
0� �� ������ ,0��1 ��-��� <"��# �%h� �	��1�"0� �

,0�".%�+�� ���	��� �1 ��0� � ���"���0�. �	�� ��� 2
�� �$%&' �
����� �����# ������� �
 �� 
)URVP(\h;F �cb.

[2] Rahimpour-Bonab H., Shekarifard A., "Barite ore deposits in the 
centeral iran-ardakan province: Genesis and Alterations", Iranian Int. J. of 
Science l3 (2002) 69-91. 
[3] Shekarifard A., Rahimpour-Bonab H., Rohshahbaz J., "Sequences of 
chalcopyrite alterations in the Ardakan Barite Mine, Ardakan-Iran", 31'st 
International Geological congress, Brazil (2000) Abstract with program. 
[4] Goble R.J., "Copper sulfides from Alberta: Yarrowite Cu9S8 and
spionkopite", Can. Mineral. 18 (1980) 511-518. 
[5] Sikka D.B., Petruk W., Nehru C.E., Zhang Z., "Geochemistry of 
Secondray Copper minerals from proterozic porphyry Copper deposite, 
Malanjkhand, India", Ore Geology Reviews 6 (1991) 257-290. 
[6] Vink B.W., "Stability relations of malachite and azurite", Mine. Mag. 50 
(1986) 41-47. 

]e[�f%J �.�"�� �� 5�"�%&q ��� �� �f%.��# � 23�x�	 5�"��. 6
 ��-��� �����%4 
���"�
J�� w��_� ��	��  !"
� ��
��	 �&J�� A����*�� ��&)URSR(2h;F �(.


