
(Received: 7/5/2007, in revised form: 19/4/2008) 

The geochemistry and mineralogy of North C ore body and Baghak 
anomaly and determination of two Pyrrhotite generations which are 

different in composition in Sangan mine, eastern Iran 
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Abstract: Detailed studies are done in order to investigate the ore body in Sangan mine. 
Analyses results showed very low amount of gold in mineralized zone, (max 32 ppb). It is 
indicated that there is a positive relation between Au, S and As whereas there was no special 
relation between Au and Cu. Therefore Au can not be found along with Cu sulfides such as 
chalcopyrite. The LREE elements are higher than HREE in the ore body. Pyrrhotite has two 
generations which are distinguishable under the microscope: It might be formed either with or 
after magnetite formation. Careful XRD studies indicate that these two generations have 
different amounts of Fe and S. 
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METHOD FA3 IC3E IC3E IC3E IC3E IC3E IC3E IC3E 

SN-41 f p/��  �/��  �� ��f pf� � f/��  
SN-543 �� �c� g/�c  �g g�� �f�c p �c 
SN-570 g �/��  p/�f  �� ��� pff �� �� 
SN-586 � �/�c  �pg �� �p� ��� f� p/�c  
SN-615 �� ��� �gg �g �� ��cc �g� f/��  
SN-796 � �/��  �/��  �� �g� �pc �p �� 

SN-67-B � �/�p  p/��  �� ��� f�� �gp f/��  
SN-67-A �� g/�g  �f� � �f� gp� � �/f�  

SAMPLE Zn Ba Be Ti Fe Hg Ag B 
UNITS ppm ppm ppm ppm ppm ppm ppm ppm 

DETECTION �/c �/c �/c �c �cc cg/c c�/c g/c
METHOD IC3E IC3E IC3E IC3E IC3E IC3M IC3M IC3M 

SN-41 �cg p/��  < �f� g�fccc < cp/c <
SN-543 p/fp  �/��  < fpp ��fccc < cp/c <
SN-570 �/�f  < �/c �gg ��cccc < ��/c <
SN-586 p/�f  �/�c  �/c ��g ��cccc < cf/c <
SN-615 ��� ��� f/� ��� ���ccc < c�/c <
SN-796 p/g�  �/� < f�f �f�ccc < < <

SN-67-B �/��  �/�p  � ���c �f�ccc < ��/c <
SN-67-A �/��  �/��  < �pg g�cccc < ��/c <

SAMPLE Bi Mo Pb Sb Sn W  
UNITS ppm ppm ppm ppm ppm ppm  

DETECTION �/c �/c �/c �/c �/c �/c
METHOD IC3M IC3M IC3M IC3M IC3M IC3M

SN-41 f/c f/c g/f �/� �/f �/�
SN-543 g/g �/c �/� �/f �/��  �/f�  
SN-570 �/c �/� �/��  �/� g/� g/g
SN-586 �/� �/� �/��  �/� � �/��  
SN-615 �/� �/� �/��  �/� p/� �/��  
SN-796 �/c g/c f/��  �/� �/�f  �/f

SN-67-B � �/c g/��  f/� g/c �/��  
SN-67-A � �/� g/�f  �/� p �/��  
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�; �8�9�|� ��-9�;
I�)0 ���

 B
�CD��)5� 8�� �@ �#. (�2�' �
�!5!. 8�91!���M 4
�/� �9��)3 �/!/-&� a-���L 8�98ClW�@ � ���5. �@ ��&/?%�AAS�5!?. ���?  �� 
v�S �@ �%���	 ��&$�'�ppm.

Ag Cu Ni Co Zn Ba Bi 
BH127 c�/f cg/��� �/�g gg/f� gg/g� �g/��gf� �g/��
BH127 �/g �/gc p/�� f/�cf �p g/��f� f/f�
BH128 g gg/��� �/�g �/fp �/gf g/��g�� �g/��
BH128 �g/� fg/��f �g f/g� �g/�g �p��g f/��
BH193 �/g f/�g� �/�� �/gf �/�� g/��g�� �/�g
BH193 p/g �g/�cc �/�� �g/g� �g/p� �g/���c� gg/�g
BH218 pg/f �g/�f� ��/�� �/�� �g/�� ��/���fc g/�f
BH218 �/� cg/��� �g/�� �/�� �g/��� �g/�ppf� �/��
BH220 �g/g �/�gc �/�� �/�p �/�f ��pcc �g/��
BH123 g/f fg/f�� fg/�� f/p� �g/�� g/�p��� �/��
BH123 �g/g �g/�g� cg/�� �/f� �g/�� g/��f�� pg/��
BH136 �/f �/�c� g/�� �g/�� gg/�c �g/pf�� gg/�c
BH136 c�/� f�g/��p ��g/�� ��/�� �g/�g �g/��g�� ��/��
BH217 pg/f �f pg/�� pg/f� f/�� �g/�f��� g/��
BH217 fg/� �/��c g/�f �g/�c �g/��� g/�pf�� cg/��
BH118 �/f p�c �g/�� �/g� g/��g� ��g�g �/��
BH118 �g/�f pg/��f �/�f �g/f� �/�c� �f��g �g/��
BH198 �/� cg/fc� �g/�c �g/�g� �g/�c� �g/����� pg/�
BH198 pg/f �g/�gp p/�� �/p� �g/�g g/����� fg/�f
BK3 �/g �g/�� �g/p� �g/��c �g/pf �pcg ��
BK6 �g/� pg/��� �g/�c �g/�� �g/�� g/����� p/��
BK6 �g/g g/�� �g/�� �/�� f/�� �fg�g �/��
BK7 cg/g �g/��c p/�p �g/g� �/�c� ��ggc �g/��
BK9 g/� �g/�fg �g/�f g/�c �/�cg �c��g �/fp
BK9 ��/� ��g/�� c�g/�� c�g/�p ��g/�c g/�f��� �/��
BK8 ��/� �g/�� p�g/�� ��g/�f gg/f� ��f�g g�/��
BK5 �/g �/�f� �g/�� fg/�� pg/g� �g/��fc� �/��

B
�C E�1d� �' �/!/-&� ��)5� �� b�!5L �L�> �T�-+ �
�!5!. 1!���M 4
�/� ��)3 8��NS 8�9C���5. .

SAMPLE Ce Dy Er Eu Gd Ho La Lu Nd Pr 
UNITS ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

DETECTION cg/c c�/c cg/c c�/c cg/c c�/c cg/c c�/c c�/c cg/c
METHOD IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R
SN-67-B �f/� g�/c fg/c cf/c g�/c ��/c pp/c ��/c ��/� f�/c
SN-67-A g�/� g�/c ��/c ��/c ��/c ��/c f�/� c�/c �/� ��/c

SAMPLE Sm Tb Tm Yb Ir Os Pd Pt Rh Ru 
UNITS ppm ppm ppm ppm ppb ppb ppb ppb ppb ppb 

DETECTION c�/c c�/c cg/c cg/c � � g � � �
METHOD IC3R IC3R IC3R IC3R FA4 FA4 FA4 FA4 FA4 FA4
SN-67-B g�/c c�/c c�/c ��/c � < < � � �p 
SN-67-A �f/c c�/c < ff/c � < < �c � �
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	��������� �������� 
�; #��'� <�$� 1!���M 4
�/���@8��2-� �� A?B �' �?61: ��!�?@ 

�`-� �@ E�; ��'� �):� t�@ #!N�)% <M E-!$!@ �?@ ppb�� �� 
�`-�E#%� �� sW�@ .�)?� �&
� 8�9�����; �� AB <'1!�Fe 

Oxide 5�' � �?
�' n#?-; ��
�#!S �@�3 �� �); #-��� o(� s?!
�@ _��N3 �' �,
 "
' � �%' �3 t�@ ��! ��?
 <��V� �@ <�&-% 8�9

�%' �#. .
A?B �'�)5� I%� �@ ��?@ �K�?� �?K�� #?��� s?
 �)N�)?% 

�� �#9�$� �).)X,.�(���?; �'�?59 A?B �)R?S "
'�@�?-@ �
�� #!6�3 8#!N�)% 8��%�).."!?@ ��@�$?� J�?K3�' "!?-U59

 ��'� �):� "%�M � AB �T�-+ j
'1	' �@ �<'1?!� �"%�M <'1!� 
�� j
'1	' I9 AB �#@�
)X,.�.(

I%��'�)5� Cu �@ �K�� Au �� "?
' "!@ I!�/�� J�K3�' 
�'#� <�$� '� �C-+)X,.f(�?; �%' "
' �' �;�S rt�5/S' �;

 �)R?S �?
�!0),��; #?-��� �'� O?� 8#!N�)% 8��!��; �� AB
 ]�	 �'� "%�M � 8#!N�)% 8��!��; �� �,*@ ��/.'#� #?-��� O� #

�%' �):)� �
�!0 )-%�M � �
�!0 .
�&
� =�B �' �)R?S �?91!���M 4
�/� 8��?2-9�� �' �,P)?; 

#!
�3 '� O��;�' �; �ppmp�c �?3 ppm��f #?��!!d3 �� .
�??%��@ �*�!??T iB�??�� �O??� 8�??�!��; �)R??S �'� #??-���

 ��L �@�u ��`-� �� '� �
�!0),��; .�?>�@ �� "!-U59 $?�@ ��
 <�� ����@ '1�(supergene)��; #. �#9�$� 1!� �!��); ���; 

��*S _�)T �@ � ��)@ �
�!0),��; � ��')9 XT�S 8' <)?�'�!0 
�%' �#. X!,$3 <M .�?&
� �)�$?� 8�9�����; �� O� <'1!�

 �)�Fe Oxide 5�' � ��?
�' n#?-; ��@�3 �� �); #-��� o(� s?!
 �@ � �%' �3 t�@ ��!�@��3��� 1!� #T�� #%� .

-7�D`@'� E"!@ I!�/�� Au-S ��)5� ����)3 a-���L �' �
�9 C.

-7�E`@'�EI!�/�� Au-As ��)5� ���)3 a-���L �' �
�9QClW�@ �.

-7�F`@'�E�)mV� Au-Cu��)5� �� �)3 a-���L �' �
�9QClW�@ �.
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�; �8�9�|� ��-9�;
I�)0 ��c

1

10

100

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu

Rare Earth Element

BH67A

 �V��`� ��)� \B�-� �� I
��@8��2-9�� � <�$� �?@ � #9� �
�%�� 1!� �; #%�Q#--; #!6�3 �?�`-� "?
' �� �?
��@ �)R?S 

�%'.�`-� �� ���KL �C-+ElW�@ 8��2-9�� 1!� �� <�$� #9�
�@ <M �'#�� �L 8�)B �@�-!$!@ ppm�gg���)3 �� � #%�Q

C���5. ppm�g� �%' .���L �m-
' �@ �:)3 �@ �?��KL 8��%
 �%��@ ���#9�$� �*�!T iB��� #$� ����?.'� ��?|/�' <')?3

 �/>�% �� ���KL �L����L �9�&
� �!/-&� �
 � �9#!N�)% #-��� 
#.�@ �/.'� �)RS .`@'� Xm!� � ���KLE#?��'� I9 �@ �5!�/�� .

�?�)5� #-P �� 1!� 8�� �C-+ 8��?2-9�� �?� <�$?� �?L #?9�
 ���L �@ J)@�� �?61: ��!�@ _�)T �@ �L �%' �
���N%' 8��%

�%' �#. �#9�$� �*�!T 8��L)*@��.
`@'� <#K!�)� � O� "!@ "!-U59E�)?:� �5!�/�� r�/K�� 

#-9� <�$� �L ��'�Q�C-+ �� "
' �9'�59 �%'.
8�?���� �� �):)� b�!5L �T�-+ �3)K,-+ 8�9�'�)5� I%�

���L �' O0 8��%��2-�@ �
�#-L �@ <#. �
'� �?N-� v!. s
lK?% b�!5L �L�> �T�-+ �' � #. �-W�  <�!@ �L �'� <�$� 

(LREE) "!&-?% b�?!5L �L�?> �T�-+ �@ �K�� (HREE)  
�%')X,.g(�' � #. �-WLREE �)R?S �*+ �@ rt�5/S' 

�!3�0M)�#�' �'#�� �@ (��`-� ����%' �T�-+ "
' '�
� �/$?!@ 
�� 1;�5/� �!3�0M ���; �� #�). ."!
�0 <'1?!� <�)?@ REE �� 

�� '� ��`-� �!�?N3 _�)?T �� �?@ <')?3 �?;�:�?,-
' ��?��
 8��?S �?%' �#?. ���?��; X!,$?3 �@ �2-� �; �!��' 8�5 ��

 �?%' ��)?@ b�?!5; �;�?> �?T�-+ �;#?�' �'#����?2!/� �� �
��!��; �' 1!� �*T�S 8REE �5� <�$� � #. �-W (�� � #-9�

 �61: �
���� �)RS �,-
'REE �?� )3<'1?!� j
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 ��% ���; n)*[� �� I!�*; #!�;' J)@�� �+�@ ��' "
' �; #.�@ 

<#. \!]��	�K59 �9�K�?� j9�?; �?
 � 8#
�)6)*	 8F/Ca 
�� ��). ]��[."
' �� �; �2�M �'�)� �;�?> �?T�-+ �9���?��; 

��5/�!% �� b�!5; 8�
���  '#!0 n��/�' �!*@�] �)6)*	 �' �-W 
�� j9�; �#--; F<#. IL �@ �2-� REE�� ��).]��[.

	
��;<?�  	���� 
���L �`-� �� 8��%E�)� �' <�&-% �@�?��  � �?%' 8�?��)&@M 
��?L���#?. ��'� �?9 X�?  X?[� �' ��?% �<�??@1!� a-?% �� 

3�-@�L��� "!$��: ��')9�?� �
��C?3 ��'��?0 �L #�). 1?!� 8'
 �� #!
�3 ��`-� �� '� ��*�  ��m*5+ #-L)X,.�.(���?L �#?; 

��?!3�59 �?@ �'�?59 �?
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 ��'� �)RS ��`-� .�?�3�-@�L �)?:)� =�N?. ���?L "
�?/5��
 �L #-/�9 �/$?!@ �'� I
1?!-� l?9M �?
 �?!�)��� _�)?T �?@ 
�� �#9�$�#�). .=�N. 8��!��L �&
� �K+ �' #?-3� :��?!0) )*	

�n)K!N�M �
�*L �"!/��0�% �"
)!�' �.
���; �?B '� 8�#V/� XS'�� <�&-% �����; �� 8��% �?; ��

 �� ���; �9 X!,$3 � �%'�>�P �?/	�  _�)?T �3��?N/� 8�9
�� v*`� "
' �%��@ �@ ��'�' �� �; �%'I
�'��0 .

+�)�� :� "
�/�'�'�	 �!/-&� �� �)?:)� ���?; "
�?/5��
���`-�%')�cxpc(%�#?. "!$� �3 8�9��	 "!/��� ~1: �

�%' .�)-/� ��!�@ �!/-&� �	�@�%' iB�?�� �� �L 8�)B �@ �
H*/���/$!@ ��)?3 � IL'�?/� �?	�@ �?@ �-!$��: _�)T �@ 8'

)X,.�(�#9�$?� X@�] a-% "/� �� �#-L'�0 _�)T �@ ��  �
�%'.

+GG�����:�??%' �??%��@ X??@�] X�??� �� �� �??!3�59 :�x
�??�)5� �� �??L �??!/-&� � ��')??9 �' X??T�S 8�??�/!3�59 8�??9

 ��?%' �#9�$?� X?@�] 8��?
� �
��?�� �@ �[`%)X,?.�.(�x
n)*S �' XT�S 8��/!3�59 8�9�@���  Z
'�?. �� �?L �3#
#: 

�#. X!,$3 <'#!�;' �?U � _�)?T �?@ �?�/!3�59 "?
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8��!%��@���; � �
�!5!.)67 �)3 "9M a-% �%�-.QC�� sW�@ � ���5. . . .���

-7�I��')9�� �
)C38'�`-� 8��*� E�V��`� ��)� .

-7�J�!/-&� �� I;'�/� �	�@ .

-7�K�� �!3�59 �-!$��:<)�'�!0 �)� ��!/-&� �@�3��@ �PPL.
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�3 <'�'�	 �
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� 8�' #-3��K+ :� �/!*!m
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