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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. 

Keywords: Magnetite, Pyrrhotite, Sulfide, Iron stone, Fe oxide type, Gold, Copper, Sulfur, 

Rare earth element (REE), XRD.  
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��	*�aJ ´24 ˚60 

 �´45 ˚60 �
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� �  ̂ �K;� >*    ?>*.K�*

gF�V��* �"� ?�V ��6   dK]*� �K�_'� i��� �� � ��*� B�� x�'�

��* ?.�.  

��'�O�C� �� #
* #
*�� e��     ^�K;� >* *� �K�_'� =K�� ��$

#��> �K� 7�hA" �4+�� .K'$� . &'K�    ���K� \M�K'� �K��'�

 �/��_�) ?��"C 01�� � ����� (�4A�� &'� 7��� �#
�y% ��$

�4KK�A� �KK"  ���KK@�@� ��KK�*.  � #
�KK4��� #KK
�y% ���-'KK�

?��4�@ ��_'� ���-'� #
�"4�$   ���-'K� 7��K� ��+ �V .'

���� #
�y%\��D ���� � ������ � �* .K� . �� (�4K�@  � gK1��C  

  =KH9 ����� ?��4K�@�*       �K� \K��D �K��� #K
�y% ���-'K� >*

 �.��* 2�U�V�"��*  �V�4A��     �K
 � gK
*� � 7�K� 2��X ��

?��"gF�V ��$*.� .     ��KJ� �K����� �K��*�@ �K�_'� i��� ��

�KK�* �KK4	�@ �*�KK] �KK/��_� ���KK� ,% ���KK'J eKK�� �KKV ��*� .

% ���-'������ #
�� �4A�� >*   ���-'K� ��
��
���*�@ ��"���

   �KK��*�@�G��� �KK�"��� 7��KK� \KK��D �KK��� � �KK����� #KK
�y%

6�   K6 �K��*�@�G��� i�KU�3�% ����	��   �K���G��� G"�*�KV ����	�

6�  K6 �K���G��� G"�*�V ��"��� ����	��   G"�*�KV i�KU�3�% ����	�

KK6 �KK���G���� �KK�"��� ����	�p  �KK���G��� G"�*�KKV i�KKU�3�% 

KK6�KK6 �KK
��
���*�@ ����	��  ��'�KK� G"�*�KKV �KK�"��� ����	�

6�6 �
��
��G��� ����	�� K6 ����G��� ����	��  i�KU�3�% ����	�

6 ����G���� ���	���* ?.� 7�EA" .  �
��K�� ��89 �� �J�" ��

www.SID.ir



Arc
hi

ve
 o

f S
ID

�� ���$�<� ��'$��
= ��6 316

?��" ���
>     \K��D �K���� �K���� #K
�y% ��K$�  ��K89  ,*�*�K	 

 ,�K@�@� ���-'��     �K�� �K<� �K� .K�/� .K�� . 
*���K'�  eK�� #
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*�4A��        ��n�K" �K
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 K�_'� ��P    �
��K�� �K/��_� ���K�   �K�*�*�	 �4KK�A� �UK�  �

�WC3���$   �h
�G� �� l�X�N��?�@ ���+�� ?��" ��   �y�K3� ��K$

�� �	�
 �.� �4��*�@��� .    �K��� �K� GK�� ��"�'��V #
* �� ?�LD

?.� 7
.U".�* .  m�K� =
G�'� ���h$% � ��4������ � ���� �� g$%

?.� i.U� �4
�4���	 ���� ��.�* . ���-'��4�A� �"    �K� GK��

2��X  �"�'��� ���-'� � �C��.'4�$.  
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.] .�>�� #
�" �_'� �� ��J�� ��$P   � ��4C�K� 7��� ,./�
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 >* e�� �4���c �� #
�
>500 �4� .K�* .   >* ���K
> ��K����'+�

� �� ���%�?��" ����� e    �]�K� .K��� �K� ��./� ��$ p   �K��1

�� ?.$�A� ���..  

     2�K'��� ��K$      ,�KK�G�� �KV ���K�� g�K�*��! ?.KK� ��K���

��4'-� ��*� P��U�� �� *� �CU] .'����6. ?��" ��   ��K$A´ �C 

 ���'J #
*����  �$�� ?.� #�A��J ,��h�* .�* ?��" �� ���   ��K$

A � B ����     .K��*� ���K
> ����Kc �K$.   "�K'��V ���-'K��   �K�

D��H�P �@�G�   K� >* ���-' ���KA3A"%   ?.K� ?.�K��6    �KV .K�*

�4KKA�� ���KK�*� 7��KK� ���KK�*��
� ���4KK�LV���6 % � �4
>.KK�

g�4�LV���h�� ���-'�.�*.      ���-'K� #�K� ���K�4�* .K9*� g


"�'��V� ��*� ��J� #�� * #� �� g�4�LV���6 ���-'� �.  #
*

��LV���h�� � *���C@% >* .9*�   �K" ?.� ��@ ���4�LV�4�� �� �$

���� �
�*>�g$% >* �*� �7��   ?.K� 7�hA" &'� ���� � �C��

��* .  

     ��e�� ?��" �����       #K� �K� �K����� �K��*�@ �K��1 ��$

.�>�� �� #�� * ��* ?��V y�3� �$.   l�K��]� ����h�* ,�> #
.'F

  �*� ��KJ� �K��*�@ 2���H� �� K�  �K�� .  >* �K@�G� eK��  ��K"( 

  �K� 7�hKA" ���*�@ >* �"��� ��./�  ��K�.  ��K"( B )  #
�K4���

��"( ,./� ��./� (��*� �*�] ������ ���*�@ ��4��C�V g
�� .

?��"  ��./� ��$A´  �C   ����K� �K�   K6 ��K�*��  �� �KV ���	�

2���H� ��* ������ ���*�@ � ��* �4	�@ �*�] y�3� �;" G��.  

�/��_� x���/��_� x���/��_� x���/��_� x��        

 ��<'� ����������  �KD�	 ��CX* �X�'D ��� �� �
������ !�  �

 �����> �� ����C    ?GKa� >* ��*��K� �K���� �01�� � �����  ��K$

�	�@ 2��X ���39.  

>* �CX* ).$ �� �H�% >* #
* G����%�     B.KD �K
 ��KJ� �����

?*��$ LM ��J� �� ����  � ��K� ��4'-� �>��  �K� �K'�   2�KDLM*

���� ���A� ,��/� >* ��J�� LM �>���4A��    ���K� �K� ?*�K�$-

�>�� �.�3��� ��$��* ��*��� ����� �  m�K� ��3��� �����> ��

.� G���4� ./��_� �� �� \
�M #
* ��P    ��K$G����% I
�K4�AAS 

?Ga� ��� �� ���39 ��$>*  �X�'DS, P, Fe   2��KX ,./� ��

     .K���� ��"m�K� ��3��K� �
��K�� �*�*� �� �
��A�� ���� �4	�@

����� �� ��� #
* �� �/� � .� R�A�    >* ?.K� �K�*��� ��K$

A���;_� SC4�� ���   *� 2*�K��a" .��� ,*�4� �" .��� \�D �

�*� �*�] ����� ���� \�D �� z_� >*.  

 �*./" �
��� ��35   .K� `�K�4�* G����% �*�� �����.�   �K�8 

  �KX�'D \K�]� G����%��<'� �� ���6 �����Au, Ir, Os, Pd, Pt, 

Rh, Ru   eK"% �H'� ���D x�� ��)FireAssay (�  KD��H�P 

 �KX�'D ,Ce ,Dy ,Er ,Eu ,Gd ,Ho ,La ,Lu ,Nd ,Pr ,Sm 

,Tb ,Yb ,Tm ,Cr ,Cu ,Mn ,Ni ,Sr ,Zn Ba ,Be ,Ti ,Fe 

,Hg ,Ag ,As ,B ,Bi ,Co ,Mo ,Pb ,Sb ,Sn ,W   x�� �K�

ICP  ?�-A
��>% ��Amdel  .K� ?��4��	 ���*�4�*.�    I
�K4� �K�

 i�*.J �� �$G����%1 � 3 ?.� ?���%*.�   �*.K/" �27    GK�� �K����

  x�� �K�AAS  �'D �*�K�  �KXCu, Ni, Co, Ba, Zn � Bi  ��

   G���K�% .�KA� �����	 ?�-A�*� �
GH" ���� ?�-A
��>% .�.K� 

) i�.J2 .(  

 ��<'� ��&'� ���������4+�'�  �*./"47    {>�K� dK_��

– .� ����� � ���" �C��X {�C� � �C��X.� .  �*.K/" #�'Y�$

15  �� T���� �C��X {�C���������      �
���*�4K�* ?��K@ �KCU]

)BHP �1990 ( � �'��>�� ����?�����  4	�@ �*�K] .K'   � B.K�" �

   �K	�@ �*�K] �KJ�" ���� ������ ��$�} ����@s
� � �$GC	 �+�" .

  �K� ����� �� �*./" #
* �� ?�LD  &'K� ����K���� �4+�'K�  ��

��� ?�*� ,�A� *� ��"���6 7�� �� ��89 ���%.� ��*��   G���K�%  �K�

 x�� �"�6 x*�6X  .� `��4�*.�.  
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i�.Ji�.Ji�.Ji�.J    1        ����� �
����� G����% I
�4�?Ga� >* �4�4'-� ��$?��" �� T���� ���39 ��$ � g1�� ��$C �����.        

  SAMPLE Au As Co Cr Cu Mn Ni Sr 

UNITS ppb ppm ppm ppm ppm ppm ppm ppm 

DETECTION 1 5/0  2/0  2 2/0  5 2 1/0  

METHOD FA3 IC3E IC3E IC3E IC3E IC3E IC3E IC3E 

SN-41 4 9/11  7/18  21 214 947 1 4/66  

SN-543 11 108 5/30  15 531 1410 9 10 

SN-570 5 8/17  9/64  28 733 944 32 13 

SN-586 8 1/30  295 37 692 768 42 9/10  

SN-615 32 378 355 35 31 1300 153 4/28  

SN-796 3 2/28  8/77  22 256 790 19 27 

SN-67-B 7 7/19  9/61  11 861 416 159 4/11  

SN-67-A 11 5/15  147 3 741 597 3 3/43  

 

SAMPLE Zn Ba Be Ti Fe Hg Ag B 

UNITS ppm ppm ppm ppm ppm ppm ppm ppm 

DETECTION 2/0  2/0  2/0  10 100 05/0  01/0  5/0  

METHOD IC3E IC3E IC3E IC3E IC3E IC3M IC3M IC3M 

SN-41 105 9/11  < 342 584000 < 09/0  < 

SN-543 9/49  3/23  < 499 274000 < 09/0  < 

SN-570 2/84  < 8/0  155 620000 < 17/0  < 

SN-586 9/74  8/30  7/0  125 660000 < 04/0  < 

SN-615 166 861 4/2  688 323000 < 03/0  < 

SN-796 9/57  8/2  < 434 641000 < < < 

SN-67-B 7/16  1/29  1 1130 242000 < 17/0  < 

SN-67-A 7/28  8/72  < 695 520000 < 13/0  < 

 

SAMPLE Bi Mo Pb Sb Sn W   

UNITS ppm ppm ppm ppm ppm ppm   

DETECTION 1/0  1/0  2/0  1/0  2/0  1/0    

METHOD IC3M IC3M IC3M IC3M IC3M IC3M   

SN-41 4/0  4/0  5/4  1/2  8/4  1/6    

SN-543 5/5  6/0  8/7  7/4  2/11  7/46    

SN-570 8/0  2/1  6/12  6/3  5/7  5/5    

SN-586 1/1  6/2  2/13  8/1  2 3/21    

SN-615 2/2  3/2  2/22  3/3  9/8  3/11    

SN-796 7/0  5/0  4/11  8/1  7/14  6/4    

SN-67-B 1 8/0  5/11  4/1  5/0  1/22    

SN-67-A 2 2/1  5/24  7/2  9 2/63    
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 i�.J i�.J i�.J i�.J2  ����� ��� �� ?.� B�H�* �
����� ��$G����% I
�4� �$ ?��" �4�4'-� &'���V � �$  �  C g1�� � ����� �� ?�-4K��AAS    ���K� ?��K@ ��

 5�9 �� �����	 ?�-A�*�ppm.  
 Ag Cu Ni Co Zn Ba Bi 

BH127 02/4  05/173  7/35  55/43  55/52  75/22543  35/21  

BH127 6/5  2/50  9/61  4/104  89 5/2247  4/43  

BH128 5 55/238  1/25  7/49  3/54  5/17512  75/23  

BH128 15/7  45/224  25 4/52  25/65  19625 4/13  

BH193 1/5  4/251  6/28  3/54  2/87  5/16537  3/15  

BH193 9/5  25/100  8/23  15/52  75/96  25/27806  55/15  

BH218 95/4  25/348  77/17  8/72  35/61  63/21740  5/14  

BH218 7/3  05/218  75/22  8/63  15/113  75/29943  2/21  

BH220 75/5  8/250  8/21  1/89  1/64  26900 35/16  

BH123 5/4  45/433  45/21  4/91  75/78  5/29887  8/16  

BH123 25/5  65/156  05/23  7/41  65/66  5/16462  95/16  

BH136 1/4  8/202  5/16  15/28  55/60  75/9468  55/20  

BH136 02/3  425/169  175/12  22/27  35/65  75/18568  12/23  

BH217 95/4  84 95/22  95/41  4/81  25/24331  5/21  

BH217 45/6  7/210  5/24  25/60  85/127  5/29437  05/18  

BH118 7/4  920 65/18  1/56  5/2852  23575 7/22  

BH118 35/14  95/234  1/24  85/48  6/108  34375 15/22  

BH198 1/6  05/402  65/20  85/151  75/103  25/18781  95/8  

BH198 95/4  15/359  9/21  1/91  75/65  5/22162  45/14  

BK3 3/5  15/17  35/92  75/230  35/94  8905 11 

BK6 15/6  95/233  15/70  65/61  65/81  5/16337  9/22  

BK6 35/5  5/61  15/31  3/87  4/77  14575 3/26  

BK7 05/5  75/160  9/19  35/53  1/106  17550 25/31  

BK9 5/6  85/145  25/24  5/60  7/105  20625 1/49  

BK9 12/3  375/86  025/17  025/29  325/60  5/24837  1/17  

BK8 12/3  15/77  925/18  725/24  55/43  22475 52/16  

BK5 6/5  2/147  75/18  45/68  95/58  25/31406  8/17  

        

i�.Ji�.Ji�.Ji�.J    3     ?Ga� >* �4�4'-� ����� �� `���V �V�+ �X�'D �
����� G����% I
�4� ?��" ���39 ��$C �����.

                

 

SAMPLE Ce Dy Er Eu Gd Ho La Lu Nd Pr 

UNITS ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

DETECTION 05/0  02/0  05/0  02/0  05/0  02/0  05/0  02/0  02/0  05/0  

METHOD IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R IC3R 

SN-67-B 74/3  57/0  45/0  04/0  53/0  12/0  99/0  17/0  36/2  46/0  

SN-67-A 52/8  58/0  36/0  11/0  67/0  12/0  43/3  07/0  2/3  86/0  

 

SAMPLE Sm Tb Tm Yb Ir Os Pd Pt Rh Ru 

UNITS ppm ppm ppm ppm ppb ppb ppb ppb ppb ppb 

DETECTION 02/0  02/0  05/0  05/0  1 2 5 1 1 1 

METHOD IC3R IC3R IC3R IC3R FA4 FA4 FA4 FA4 FA4 FA4 

SN-67-B 56/0  07/0  07/0  68/0  2 < < 2 3 19 

SN-67-A 64/0  08/0  < 44/0  1 < < 10 3 8 
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������ ! ���������
������ ! ���������
������ ! ���������
������ ! ��������        

 �� .��*� ,�A� G����% I
�4���� ���KH'�     �� LKM >* �K GJ ���K��

�_'��� P  �� ��*� ��J� m�� .�3���,% P'�A��   �K�ppb 32  ��

�_'�P .�� �� 01�� .  ~�K� �-
� ��$������ �� LM ,*G��Fe 

Oxide    ��* � �K
�* i.K'� ��K
�.�9 ���" �> ?�� .'���j  B� 0K�

��2��3" >* �E
 #
* � ��* �" m�� ���  ��K
 ,��/� �� ,�-'� ��$

��* ?.� .  

  LKM �*���� =�� ��  ��K� �UK��      �KUu� .K��� 0K
 ��3��K�

�� ?.$�A� ���) 7E�2(      ���K� ?*�K�$ LKM ��K89 #
*���K'� �

�� .� �" �.�3��� �>�����.     #�K� ����KA� T�KU"�* #�K'Y�$

 ��*� ��J� #��% � LM �X�'De
*G	* �� �   ,*GK�� �#��% ,*G��

�� e
*G	* =$ LM �.��
) 7E�3.(  

 =���*���� Cu �� �U�� Au    �� #K
* #�K� =��4�� T�U"�*

 �*.� ,�A� *� �N'D) 7E�4 (  �K� ��* #
* >* ���9 lm��49* ��

     ��K89 �K
��6�E��� .K'��� �*� WK� �.�3��� ������� �� LM

]�	 �*� #��% � �.�3��� ������� �� �EC� ��4�*.�  .K'��� W� .

��* ��J�� �
��6 �'��% � �
��6 .  

�-
� )�M >*    ��K89 �K$G����% I
�4� ���KH'$��   >* �EF�K�

 .�
�" *� W��� >* �� �ppm 920  �" ppm 214  .K����a" �� .

�KK����  �C��KKX dM�KK���   WKK� ��KK����� ��KK89�*�  .KK'���

��V ���n ��_'� �� *� �
��6�E��� .  �K+�� �� #�'Y�$ KA�� ��

 ,�> ����� *G�(supergene)�  �� .� ?.$�A� G�� ������ ����

��C9 2��X �� � ?��� �
��6�E��� �@�>*�$ 7X�9 �* ,�K�*��6 

��* ?.� 7�EA" ,% .   �K-
� ���KA� ��$������ �� W� ,*G��

 ~��Fe Oxide   ��* � ��K
�* i.K'� ����" �> ?�� .'���j  B� 0K�

 �� � ��* �" m�� �����2  �"3 �� G�� .X��.�� .  

  

        

        

        

        
        

 7E� 7E� 7E� 7E�2  _�*�P  #�� =��4��Au-S ����� ��?��" &'���V >* �
�$ C.  

  

  

        

        

        

        
 7E� 7E� 7E� 7E�3     _�*�P  =��4��Au-As ����� ����" &'���V >* �
�$( C g1�� �.  

        

        

        

        

        
     7E� 7E� 7E� 7E�4     _�*�P  ��h/�Au-Cu ����� ����" &'���V >* �
�$( C g1�� �.  
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1

10

100

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

Rare Earth Element

BH67A

 �/��_� ���� \M�'� �� =
������H'$�� � ,�A�  �K� � .$� �

3  %�� G�� �� .��(.''� .� �"      �K�_'� #K
* �� �K
��� ��K89

��*. �_'� �� ���UV �N'DP g1�� ���H'$�� G�� �� ,�A� .$�

�� ,% �*.�� �V ���M �� �'�A��ppm  355 ����" �� � .��( 

C  �����ppm 151 ��* .���V �h'
* �� �J�" ��  �K��UV �>��

����� �� ?.$�A� �C��X dM��� .A�� ��    �K�*� ��K<4�* ,*�K"

�4+�� �� ���UV �V� ���V�$ �-
�  ��4'-� �
 � �$.�3��� .'���

.��� �4�*� ��89 ._�*� 7h�� � ���UVP  .K��*� =$ �� ����4�� .

   �K���� .K'F �� G�� ��� �N'D ���KH'$��   �K� ,�KA�   �KV .K$�

���V �� T����  �K GJ ����� 2��X �� �V ��* �
���3�* �>��

��* ?.� ?.$�A� �C��X ���V�C���.  

_�*� ,.U���� � W� #�� #�'Y�$P   ��KJ� ����4�� l�4U��

.'$� ,�A� �V ��*�(  �N'D �� #
* �$*��$��*.    

  ��K���> �� ��J�� `���V �X�'D �"�UE'D ��$�*���� =��

���V >* W6 �>����H'�� �
�.'V �� ,.�� 
  *� �K3'� 5�� 0

 gUK� `���V �V�+ �X�'D >* �@.� �'1�@ ,��� �V �*� ,�A� 

(LREE)     #�-'K� `�K��V �V�K+ �KX�'D �� �U��(HREE)  

��* ) 7E�5 ( >* �@.� �'1LREE    ��K89 �CD �� lm��49*

 ��"�6%){.�* �*.�� �� ( ��_'� �����*  �X�'D #
* *�
> �4KA�� 

�� G���4� ��"�6% ���� �� .��� .#�
�6    ,*GK�� ,��K�REE  ��

�� *� ��_'�      ��K�3" 2��KX �� �K� ,*�K" �K�� :   �KE'
* �K���

       ���K9 �K�* ?.K� ��K���� 7�EKA" �K� �H'� �� ����* ���@��

      �K�* ?��K� `�K��� ���K+ �KX�'D ��.K�* �*.���   �KH�4� �� �

������  >* G�� �CX�9 �REE ��� ,�A� �@.� �'1 B�� � .'$�

 � GJ �
���� ��89 �E'
*REE  �K� �"     ,*GK�� e
*GK	* �K� .K�*

>�� ���� i�C;� �� =��C� .���* T����  �D�� ��* #
* �� .���

 ,.� \�]��	�U�$ �$     �UK�� e$�K� �K
 � �.
�� �C	 �F/Ca 

�� ���� ]11[ . #
* �� �� �H�% >*~��     ���K+ �KX�'D �$��K����

���4��� �� `����  ��
���@  *.�6 i��4�* ��C��] �� �C	 >* �'1

�� e$�� �.''� F  ,.� =V �� �H'�REE ��  ����]12[.  

 ������������������_'� ���'���_'� ���'���_'� ���'���_'� ���'�  

���V�_'� �� �>��P  ~�� >* ,�-'� ���K��@   � �K�* ��K���-�% 

 ��KV�    �?.KK� ��*� �K$ 7K�@ 7KK;� >* >�K� �   ,�KK�G�� &'K� ��

"�'��V� �� #�A��J   ?�*�$�K� �
��KN" x>*��K6 �V .���  GK�� �*

�� .�
�" ��_'� �� *� ��C�@ ��hC�D .'V) 7E�6 .( ���V �.K� 

         ��KK�"��$ �K� ?*�K�$ �K
 �
�K�'" �KK� �KV �K�* �K�4'-� �CKX*

 �� �����V � �
���3�* ���"���6 ��
��6�h��V ��
��6 ��������

 ��*� ��K89 ��_'� .      �K�"�'��V ��KJ�� )�3K�  ���KV #
�K4���

 �V .'4�$ �4KA��        �*� =
GK�'� gK$% �K
 �K������ 2��KX �K�

�� ?.$�A�.��� .)�3� ������V �-
� �UD  >* .K'"� :  ��K�6�@�C	

�i�U�3�%  �
�CV �#�4��6��� #
���* �.  

����  �KM *� ��./4� 79*�� ,�-'� ������ �� �>�� �K� ?�

 �� ���� �$ 7�EA" � ��*�+�F    �K4	�@ 2��KX �"��K34� ��$

�� 5C_� #
* ����� �� ��*�* �� �� ��*=
>*��6 .  

��4'-���4'-���4'-���4'-�::::  � #
�K4�*�*�	 ��4'-�     �� ��KJ�� ���K� #
�K4���

� ��_'��* )30p90 (%  ?.K� #�A� �" ��$>�	 #�4��� tGJ �

��* . ~�'4� ����� ��4'-� �	����*  dM�K�� �� �V ���M �� �

 SC4���4A��      ?��K" � =V*�K4� �K	�� �K� �'�KA��J 2��X ���* 

) 7E�7(   ?.$�KA� 7��] &'� #4� �� ?.'V*�6 2��X �� ?�@ �

��* .   

�KK�"��$�KK�"��$�KK�"��$�KK�"��$::::   �KK�* �KK���� 7KK��] 7KK�� �� �� �KK�"��$ :1p 

�KK���� �� �KKV �KK�4'-� �@�>*�KK$ >* 7KKX�9 ��KK�4�"��$ ��KK$

     ��K�* ?.$�KA� 7K��] ���K
> �
���� �� �;_�) 7EK�8 .(2p 

i�C9 >* 7X�9 ���4�"��$ ��$�����@    [
*�K� �� �KV �".
.J

?.� 7�EA" ,*.���*      �KY@� 2��KX �K� �K�4�"��$ #K
* �.K�* �*

4�$.'.  

        

        

        

        

7E�7E�7E�7E�5         2*���a" .���REE ���� ��P ��� ?�BH67A.  
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 7E� 7E� 7E� 7E�6  ?�*�$�� �
�N"�* �_'� ���C�@P �/��_� ����.  

  

  

  

  

  

  

  

  

  

  

  7E�7E�7E�7E�7  ��4'-� �� =�*�4� �	��.  

  

        

        

        

        

        

7E�7E�7E�7E�8        �� ��"��$ �'�A��J ,��*��6  ��� ���4'-����">��  �PPL.  

  

�
��6�
��6�
��6�
��6:::: .�3��� ���V #
�" ,*�*�	 �
��6�   ���K� \M�'� ��

 �/��_���* .4
��6 �	��      i�hK�* �K� � ��*� ���K
> ~�K'" GK�� ��

�� ?.
� SC4��p����$ �V .P    �'�KA��J 7KX�9 �$ �	�� #
*

 �K�* �"�'��V ��$ &'� �� �
��6 .     ��KJ�� �K	�� #
�K" =K��

�KK�*� � �KK�4'-� �KK'��> �� ?.KK'V*�6 � �*�KK�* &'KK� ?>�KK$  �

��4	���-
� � >* .'"��UD : � �4�C�h
�6 �	�� ����-�* ���+ �	��

����9 �	����* �
��6 �� ��"���6 7
.U" 7X�9 �� �* ]13[ 

) 7E�9 .(�� �CV ��M ��   *� �K�_'� �� ��KJ�� ���4
��6 ,*�"

2 km 6 km 
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  ��KV =�K��" 7�� ���F �� :1p   �K���* ��K�4
��6 :   �K�4
��6 #K
*

 ��4'-� 7�hA" �� ,��G�$?.�%��J� ��.�*   �*�K� �	�� ��8	 �

�4�*� ��J� ���% .�� ��*    lL��KV i�hK�* #
*���K'� �  i*�.K�$�


 .��*�]14 .[  >*.K�* #K
* �� ?�LD(       �K� �UK�� GK�� �K�4
��6 #K
*

���� ��4
��6 �"��* .2p B�� 7�� ���4
��6:  W6 ��4
��6 #
*

?.KK� ��KKH
* �KK�4'-� 7�EKKA" >*.KK�* . i�EKK�* .KK]�	 7KK�� #KK
*

�*�.�$�
.'. 3p �
���n ���4
��6 :   �K��a" 7KX�9 �
���n ���4
��6

 ��4�"���6 ��$��.'4�$�� �       2*�K��a" �Kn* �� �KV 2��KX #K
*

 � ?��V ��$�� ���a" �� ~��� ����9 >* ��"���6 �[�;� ����

�� 7
.U" �
��6 ����� .     �K�"���6 ���K��@� #K
* �	�KA�6 ��

�� i.U� �
��6 �� lL��V��� )CE� ���11�10.(  

4p �KKY@� ��KK�4
��6�* :�KKY@� ��KK�4
��6,*�*�KK	 >* �* #
�KK"

.KK���J�� ��KK�4
��6 .6 #KK
*  � ?>�� � ���KK+ ��$�KK8	 �KK�4
��

�� �6 *� ��J�� ���	�h� 79*�� ���4
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