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� S6� "#6,8. . .���

ب

Ap 

Mt 

الف

Mt 

Ap 

 Ap Mtپ

�$�� � ���� 
?1
 ('�
�� �$�� � ����)banded(

�	�! 2 �9�+ �# �W
�9$+ �����: �� h6/Y� 4�1=>
��
�: �+# ��%�?0 2 ��B,)� ;2�,B� 4�1�#6��67! �"0 �� 4�1

��%�?0�#'�# 2 (�6! GW-�69 �(4"0�-�� �% �67!>
� �# �1 �67!
)�7�� �#�B��+ ',\ �% $B�$B� (�� $��i%',: .��%�?0 4�1�67!

5$: �% '�N+ J�� �! ��	�! �
# �� �� ('1�*� '�6- .�	�!
�/�D �# �9$! �� c�	 ��6:���� ('1�*� �����: 4�1 ��$H .

����� �! 4�#6� �	�! ���T,� �
# �� 'I �# e7B�� 4�1
�7���B��+ ',\ �% $B� �! '�2$/1 �: �+# ('1�*� G!�D $B�
���: ��%�?0 �10 '��:# �
#� ��T,� �
# �� �#�)4�2�9 �
4$B9�! (�+#)GW-k.(�
 �	�!���T,� �� ('- 4�9$+

�H� h6A �� �=>
����: 4�! 2 (�6C� 'B/� ('- �
#� GV-
�� ('
� zT�,��� $x� �! 2 �6-(��- �# '+����: 4$[# $! ��+

�B�1�,P &�+#$! >�� 2 �!��B�# 4',! $N�	 �# (��- "�6!
�+# ('- G�W*% .�H� �� �	�! �
# �W,
# G��� �! ��,Z/1 4
�! 2 ��B,)� �7n# �� $x� �! ��+# ('- G�W*% 'B/��� GV--

���� �! ��	�! �
# G�W*% '+� ��2 f��#'� �A�C%�# �9�+
���:�H� �
#���%�?0 �10 '��:# 4# �! ���T,� �
# �� �#�
����"2� �� 2 �+# (�6! �B�!#2 �9�+ �7�H 2 �)B�W- 4�1

�+# ('- G�W*%.
4�#6� �	�! G�W*% �)�6)\ ��6� ����B,)� ���%�?0 

��#� �6<2 �N7B�� 4�1$x� .�7n# "�!>�� �W,
# �! �<6% �! ��2
���:��T,� �� �
#��9$+ 4�6% �=>
�(4��/�� 4E6N O�/8

�! ��+#�/� $A�9 ��/1 �����: �
# �� �	�! �
# �: �NH "#6%
�! �7�+2;6+� 4�1',
0$	 4�6% �B	�
 "�
$< 2 4�#�Hۀ

4'��:#)`�B+X? ���I 4#�#� (�!�+# ('�0 �6<2 .�!�6A
��B,)� 4�#6� �	�! (�)B+�9 2 ��1�� �7:��� �6,1 ���%�?0 

�! ���� �B9�,- G��: ^�6n �+# ('*�)��1�N- 46)BNH
Hitzman .(�� $! >�� L�! y��T� �# �W��,\ ��2�! �'
0 $x�

����B,)� 4�#6� �	�! '+��(��- �! �����: �
# �� ��%�?0 4
���:�B�1 $[# �� 2 (�6! �B�!#2 ��+ �C�� ��%�?0 �!��B�# 4',!

�+# ('- G�W*% ��B,)� �! .

:6"Be�# (��B,)� 4�#6� �	�!)Mt(���%�?0 )Ap ( ; ��dT+ "6/,9� �� (��6/� �� ��B+� 4�(�W+# $
6j% ('- �?6W|+2$W�� z|T�� 4
��B,)� 4�#6� �	�! �:)Mt(���%�?0 )Ap (�! #� �� "�*� �!69'1�.
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"#$��� �"#$/8 �#Q�'�-� �4���D �"��%�C� "#$
# �+�,- ���: 2 �+�,-�67! �7@� ���

C(5��� �$�� � ���� '
)massive(
���: ��>!  �!�9$+ �����: �� 4��+�! 2 �9�+ #� =>
� �	

(�6%�+# (�#� G�W*% 4# .(#$/1 �: �+# ��B,)� ��7n# ���:
 �
$�? �:'�# 4�#'�� 2 ��%�?0 "0)�!�W� GV-�� �
�1

��%�?0 2 ��B,)� (�� ('1�*� �
$�?6W��: �! (#$/1�6- .�	�!
��B,)� 4�#6�� �! y7P# �� ��%�?0 �7/< �# �����: 4�1

 �!(�6% �	�! 4#�#� 4�1 ��B�!�#� 2 4#�!('1�*� G!�D �!69
�+# . �! �� 4�#6� �	�! ('- ��
 4�1)(�6%�B�!�#� 2 4# (

'��#'� $)
'/1 �! �%2�N% ��1 2 (�6! U1 ��C- oX��: .�	�! ��
(�6%(�#'�# �� ��%�?0 4�1�67! �4�#6� �	�! ',��� >�� 4# >
� 4�1

(',:#$? ���B,)� �� 5$: �% '�N+ J�� �! 2 �-�� �% '�#)GW-

g;.(��%�?0 �-�� 4�1 �! �67! 2 ��$1 2� 4�6*,� GW-
���6+)�% �1�67! �# �{Y! (�#'�#cm ��(�� ('
�'�6-.

�( D���
� �$�� � ����)stockwork(
��� �
$
�  �! �� �B�!�#� �	�! 2 �9�+(4�� 2 ��'Y� 

�6%(4�/�� 4E6N� �! �: �O�/8 G!�D ��+# ('- "�+$H� ^'-
 �+# ('1�*�)-GWle�#.(2 �H� 42�I �B�!�#�  �!

�ZH��H� �! �: �+# ��%�?0 42�I ��B,)� �# �
�1 �7n# 4
���:�� Gn2 �
#�'�6- .��%�?0 4�#6� �	�! ��# �W
 ��B,)� 
�	�!�H� �� �: �+# �
�1G�W*% 4�1 ',1�(4�	�! 2 �9�+ 

�! ��B�!�#� �+# ('1�*� G!�D �!69)GW-l�;��^.(

:6"Ee�# ((��� �
$
�  �! �� �B�!�#� �	�! 2 �9�+4�'Y� �(�6% "2�� �� 24�|! 4E6N� "�|+$H� ^'|- ; �('|- (`|
�>� $
6j|% �# $|%
�H� ��+# ��%�?0 2 ��B,)� ��! 4�#6� �	�! 4#�#� �: ��B�!�#� 4�1�(��6/�4j|% �� 4�#6|� �|	�! 4#�#� �B�|!�#� �H� �# �B+� $
6);(�^(

��6/� �# �?6W+2$W�� $
6j%4$
6j% �# �*�! �B+� )�(��%�?0 �# �,P 4�1�#6� G��I �: �)Ap ( ��B,)� ��)Mt ( �+#)XPL .( 
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بالف
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'7<��(��/- �k"�B��� ��g�� �10 '��:# �����:��%�?0 �9$+ �#��! =>
� S6� "#6,8. . .���

 ��&�#  "�� �$��)Hydrothermal brecciated ( 
���: ��-�I �� $B*�! �	�! �
#�� ('
� 4��+�6- .^�YTD

�
2#��/�� �% �#�J,+ �# ('- �$H�6% $�)�2�� (44E6N� 
�/�� �� ('1�*� ��B,)� �# �,B� �� �O�/8 '�6- .^�YTD �
#
�! ���: �! 2 "�+$H� ^'- ^2'�?# ��+� 4�1 �(�H 2 �
$7: 

('- ��*��< ���6,�B:# '�# .��6/� �� ^�YTD �
# ��B+� 4�1
�� ('
� '�N+ 2 >C+ J�� �! �#'�# 2 '�6-(4"0�7�� �# �1 $B�

�+ �
',\ �%�B��+# $B� .�� $x� �!(��- '+�G/I 4R',,:
 �W�%�B+6B�� ��*	 �! �C�� ��
� ��*	 �B-#� �78 �! ��10

�-$! y<6� �c�d� J,+ "'- �����: K#$A# �� "�!>�� 4�1
�+# ('- .

 ����#� 
���+$H��6<6� 4�1 �� �
# K#$A# ���:�M#� ��_+'7	 �# ',%��C8

��7
a�0 ��B��6,�B:# �U�+�B? �+����7 ��B��
$+ �B
$7:�
"2� "6�#$�? �: �,�����6% 2 �%2'�?#���: 4�1�! �#� GV-

��-�I o�C
$�% 2 (�$B�H"���B� 4# 2`
��! ('1�*� ��'�6- .
�� �
# �"��� ���+$H� �C�� �! 2 ���7�+ ��7
a�0 4�1

"0 �# 4$B/: �� ��#2#$	 b$B�H �B��
$+ ���+$H� ��1
'��#� ��T,� .���+$H� 12 �,�����6% 4� G�V*% ���7�+ ('-

J,+ �� $B*�! ���T,� �
# �� (�#� 42� ���*N*%0 "�!>�� 4�1
�! �,�����6% ���+$H� �\$H# ��+# �# �*�! �� �M>< ^�6n

�6%(4�/�� 4E6N�  �! �� O�/8C�� ('1�*� �����: �6- .
��� $
� �7n�	X! �7
a�0 ���+$H�(4J,+ �� 2 ��'Y� 

�6% $�)�2��(4�/�� 4E6N� �� ('
� O�/8�6- .��,Z/1
���+$H� �B��
$+ 2 U�+�B? ��_+'7	 ��%2'�?# ��B
$7: 4�1

H� K#$A# �� >���4��'Y� )�1�< �{Y! �� (('1�*� G!�D �'�#
���+$H� �
# b$B�H ��2���+$H� �! �C�� �1 $)
� 4�1

G�V*% �+# U3 ��T,� �� ('- .�: �+# 4�20��
 �! 5�L �BC�# 
��� $�)�2�� J,+ �� c�	 U�+�B? ��_+'7	 ���+$H�(4��'Y� 

 �!A2C�9$+ �����: ('- ('
� U: b$B�H �! 2 =>
�
 �+#)GW-�.(�! ���+$H� �
# ^'- �1�< �{Y! �� 4'I

 �
6W+6� �: (�6!)�W�� ����
$+ (���W�0 ��_+'7	 ��*��<
�+# ('- .���+$H� �
$B/�� �# �B��6,�B:# ���+$H�1�
�

��%�?0 ��B,)� 4�1�����: �� �: �+#�� G�W*% �#��6- .��
��%�?0 �10 '��:# �����:�9$+ �#� �B��6,�B:# ���+$H� �=>
�

 4E6N� R�6% �! ��'Y� R��� �# �? �7n�	X! 2 �2'd� b$B�H �!
�/���� ('
� ��%�?0 2 ��B,)� �! (#$/1 2 O�/8 �6-)GW-
�.(�[�% $[# �� ����+$H� �
#�!��$H $4�1�67! 42� �1

�! ���6,�B:# �! "0 G
'C% 2 ��:2$�? �+# ('�0 �6<2 .�!�6A

�� �7:���+$H� �: �NH "#6%�B
$7: 4�1���%2'�?# 
���+$H� "2�� �� ��B��6,�B:# 2 U�+�B? ��_+'7	 ��B��
$+

'��#� �#$D �7
a�0 $�H#$	 .���: �W,
# �! �<6% �! �� �7n# �
#�
# ���T,� �
# 4'��:)��%�?0 ��B,)��#� (�
#$!�,! ��+#

G�W*% `�7
a�0 ���+$H�  �! �� ('- �����: �
# �# �
�1
�/�'-�! �B�!#2 "0 �! �B��#6%�(��- U1 "6\ G�W*% 4
',1�(4�+# �B-#� �
L�! 4��� U1 2 (�6! 4'��:# ������: .

�� �
#$!�,!�*
��:# 4�1',
0$	 �! ���+$H� �
# �: �NH "#6% 
�� �B�!#2 �
6��[ 2'-�! .���: �\$H# �
# �� >�� 4'�N�6+ �
#�

���: S6� �
# ��2 ��+# ('- G�W*% ��T,��/� �
#� '�#6%
 '1� G�W*% ��T,� �� #� �H�$B�H �
# �! `�7
a�0 ���+$H�

���: "6\�� U: 2 �M>< ����! 4'�N�6+ �
#�'-�! .
4�1�����: �� ���+$H�IOCG�2�� J,+ �! ��
�E0 $�)

��T,��� "�*� �T+ �% ��
� ��/8# �# #� �!69 4',! '1�
]����[.
'+ ���+$H� ��1�����: �
# O�/8 ���� ��`�:

��C�0 G��- +��B,)�±G�W*% ��+# �
$7: �
 ���6,�B:# 
���6- .��_+'7	 ���� ����+$H� �
# �� �! 2 �
��7D 4�1

�� "�+$H� `�	�� 4�1�67! "0 h�C��'�6- .

'+ ���+$H� �! �C�� $%L�! 4�1�#$% ��`$)
� S#6�# �

���+$H��+�B? ���+$H� �7/< �# �1`)U�+�B? ��_+'7	 (2
�� G�W*% �B��
$+ �6-]l������[.4�1�����: �# �{Y! ��

IOCG�+�B? 4����$H� �`�!�W��2�'�1 ���+$H� �7�+2
)���+$H� G��- ���7�+ 2 `�7
a�0 ��B��
$+ 4�1 (('�-6?
�� �6-]����[.


'+ ���+$H� �W,
# �! �<6% �!`�#  �? 2 ��
� ��/8# �� 
���: 4�1�����: �� �
#�IOCG�� ]� '1�]��[�
#$!�,! �

�� ��xB�# '��:# �����: O�/8 ���� �� #� ���+$H� �
# �: �2�
��%�?0 �10�9$+ �#� �! �<6% �! ��2 �U�M�/� ('1�*� >�� =>
�
��1 �W,
#�? 4#$! ��T,� �
# �� ���/8 4��NI S6� �
6<


'+ ���+$H� �# 4��[0 ��+# �B	$)� ^�6n`�/� ('1�*� -
�6-.

 ��� ���" 
�+�$! &�+#$! >����0 2 �?6W+2$W�� 4�1XRD���: �$
� 4�1

�T,� ���4�9$+ ��'Y� '�'- (�#� }��*% =>
� :���B,)�
�?0 ���+2$:2'_�� ���%6H ����6/�� ���%�/1 ��
$�? ���%

 ���:L�� ����Q
� ���+6W��: ����26: �����6! ��
$�?6W��:
���: 2 ��,��#�2# ��
�2�0 �7/< �# ���� �:�9 $n�,8 4�1
���: (#$/1 �: ��
���6� ����6,�B:# ���:2$�? J��H 4�1

�� ('
� ���7: 2 >%�#6: ��
$7: �^2'�?#'�6-.
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"#$��� �"#$/8 �#Q�'�-� �4���D �"��%�C� "#$
# �+�,- ���: 2 �+�,-�67! �7@� ���

:6"He�# ("'- ��*��<Kf�! �X:6
aX? �67! 4�< )Pl(�)XPL(; f("'- ��*��<Kf ��|-�I �# �X:6|
aX? ���: 4�< �! �|! ����|: 4�|1
 �+# ('��� �D�! "0 �# �/:  �! �: 4�6A)XPL.( 

:6"I���6,�B:# GW- ���6+ 4�1�67! )Act ($
� �%�6n �% >C+ J�� �! (���4�'Y� �.

��D�J& 
: �
$B/�� ���B,)���� �10 '��:# �����: �� �6<6� 4

��%�?0�9$+ �#� �+# =>
�)GW-g.(�6% �	�!(4#��#� 24#
�! �-�� �% ��#�>
� GV->�� 2 ��#� �	�! �-$! �� 4�#6� 2

��6/��1('
� �� �6- . �! �{Y! �� ��B,)� 4�1�67! ��1
�! #� `�B+X:�%�: �	�! 2 '��#� ('- �$9 ���I (��20 �6<2 '�# .
(6�D �! G
�� (��+ J�� �! oL6/Y� ���: �
#�� ('
� 4#�6- .

"#$)*12Q? $x� $!�,!)�7/< �#]�g[($)���! J�� �
# �6<2
�WC- �� U���B�% $j,8�WC- �# �: �+# ��B,)� 4=��9 "0 4

�+# ('*� .�! $j,8 �
# ���#6� �# 4����! �� ���: GV-
��,/7
#(FeTiO3)�WC- �# 9 ��B,)� 4�	�! 2 ('- =��

�� "�*� �*
#'< '1� .(�#� �1�)B+� >����0 �# Gn�I 4�1
�� "�*� ��2$BW�# ('��#�$?>
�('- #'< ��B,)� �: '1� �
�1
"�B�% ��B,)� 2 ��,/7
# �# �#�)G,�_+# (�+#.

������ 
���: �# �W
�9$+ �����: �� ��B,)� (#$/1 y��P 4�1 �=>
�

4$�- J�� �3 �+# ��%�?0 ���: &�+#$! 2 �B-#� '�N+ �% 
�+�$!('��#�$?>
� �1�)B+� >����0 4�1 "0 y�:$% ���2$BW�# 4

��:2�'�1 2 ��%�?0$7: S6� �#�+# ��%�?0 .��d� �# 
�! ���: �
# ��?6W+2$:�� ��B,)� GW-�(�6% ��%�?0 2 4#

�+# 4�#6� .�+�$! &�+#$! �: '- }�*� ��?6W+2$W�� 4�1
GW-�69 ��%�?0 ���: $% $%L�! "0 �78 �: �+# ��B,)� �#

 �H�$*	 }9�- "�6!)compaction index ( ^�'D �

�B�1�� �Y+ ��%�?0 2 ��+# ��B,)� �! �C�� ��%�?0 4',!-

�6- �67CB� Ux,� �-6)*- GW- �! zD#6� y7P# �� �% ',:
]�k[.

�+�$! G�W*% $)��*� ��?6W+2$:�� 2 �?6W+2$W�� 4�1
��%�?0 G�� 2�: �
# �� �+# ����� .��%�?0 h2# G���!GV-

0.40 3
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'7<��(��/- �k"�B��� ��g�� �10 '��:# �����:��%�?0 �9$+ �#��! =>
� S6� "#6,8. . .��g

�-�� �% �67!>
�  - oX��: 2 GW-�69 ��67!b6H�+# .�
#
��%�?0 �# G���! ��B,)� �� 2 (�6! ��B,)� �! (#$/1 GV-
�� ('
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�+# ('-.

�93�&���� ''
�O1��  �
2 
���: �# �? �7I$� �
# 4'��:# �
#�)���:�7n# �
#� ($[# �� 2

(��- �6{I��
�? 4��� �! 4�1 4#�#� 2 $%(�#� ]� ����+# .
���: 52� G�� �
$�? zD#2 �� >�� �
$�? 4�1�67!',B�1 �
#� .

G
'C% ��:2$�? "'- ��#�# >�� �7I$� �
# �� ���6,�B:# �! �1
�+# �B-#� .

�93�& ��� '���Q� ' �
2 
�7I$� �
$90 �����: 4�B-� ��
#��H� �# 4# ��ZH� 4�1

 ��%�,!$: 2 ���7�+ �4'�N�6+ 4$�9�%���: �86/@� �
#�
�+# (�$: zTD #� ���2# .�H� �
#��ZH� 2 �
$�? 42�I �1

 �
$�?6W��: �M>< �#'��)G��II (',B�1 .�H� "0 �# �? �
�ZH� �H� �_+ 2 4$�9�% ���7�+ 4�1��ZH� �%�,!$: 4�1
4$�9�%/1 �$%�4"0(�$: zTD #� �1 '�#.

�93�&  #�2
�	 �  �
����� '
	 �$W7/8 $[# �����: ��H��#61 2 �
#>�2$! 4�1',
0$ 4�1

�7I$�('- "�+$H� 4'�N�6+ 2 �7n# 4�! �'�# �A �: 4�6A
 �! �� �*
��:# ',
0$	U3 4�1 ������: �dT+ 2 O/8 

���: ���%6H ���%�/1 ���+6W��: ����26: �7/< �# �
�1
 G�V*% ��,��6M�: 2 ���7: ���%��� ���:L�� ���+2$:2'_��

�+# ('- .
�nX9��%�?0 �10 '��:# �����: G�W*% 4�1',
0$	 4�#�
�9$+ h2'< �� =>
���+# ('- (�#� "�*� .

���R �
��
 �� ����%&  ��ST  �
2 
���: S6� ���Y%�? $�# �� ������: $1 �� �
#� ��/1# �
6<
��#� 4����! .�!�<6% �! �+�$!4�1 �@�# 5�����: �� ('-

�9$+ �HQ
2 '- �Y+ �=>
��HQ
2 �! �����: �
# 4�1 4�1
��%�?0 �10 '��:# S6� $
�9E�6- ��
��� �#� .]��[�+�$! �! 

�),���: 4�1�/H�� =2$9 2 4$�)
�< �)�6)\ �(�)B+�9 42�
)ore magmas(��%�?0 �10 4�1�����: �U�� (2$H 2� �� #� �#�

(�#� 4�< $
� '�# :

0.75 0.8

الف

Qtz 

Mt 

Ap 

Ap 

ب

Qtz 

Mt 

Ap 

Ap 
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"#$��� �"#$/8 �#Q�'�-� �4���D �"��%�C� "#$
# �+�,- ���: 2 �+�,-�67! �7@� ���

�����6�7� �1)��B,)� 4�1�����:���%�?0 �#�! ��,/7
Ti  2
PL�! (�
�6%�6�0 �! ��#2#$	 �1#$/1 �:'��#� �1.
��4�1�����: S6� ��2$
�: )��B,)� 4�1�����: ��! ��%�?0 Ti 
 2P��
�? (J,+ �! $B*�! �: �% �
��7D �W10 ���*N*%0 4�1

',1#$/1 �
��7D .

$x� �! �,!]�����[($B�H �� ��2$
�: S6� $
�9E �4
4�1�����:IOCG�� zD#2 '�6- .2� G��- �1�����: �
#
B+�$
��4`��: U��%�/H�� �! cC%$� 4�1�����: 2 ���W�0

�� ���W�0 wB+�$
� �� ��2$
�3 S6� �10 4�1�����3 �3 ',-�!
�� �#$D �
��7D �W10 U��%�/H�� �! cC%$� 4�1�����3 '�$�H

]��[)h2'<�.(

U�
T;���3 GI#$� 2 >�a#��? �
#��
�/H�� ��9$+ �����3 �� �!��$H =>
�.

i = Inclusions (such as: pyroxene, magnetite and apatite within the plagioclase; magnetite within the pyroxene, 
and apatite; apatite within the pyroxene and K-feldspar; monazite within the apatite; pyrite within the 
magnetite and apatite.    
mi = Detected in microprobe analysis.     
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'7<��(��/- �k"�B��� ��g�� �10 '��:# �����:��%�?0 �9$+ �#��! =>
� S6� "#6,8. . .���

U�
T=(�� �
�/H�� 4�1�����: 4',!�$
�9E 2 �10 �!��$H Cu-Au "0 �! �B�!#2 �1]18�v�[.

]��[4�1�����: IOCG �! �: �%�j�*� 4�,C� $! #� 
�?"0 �
6<�� `/: �1 �� ',:e�# �(2$H �+ (4�1�����:

'��:# ��%�?0 �10�� �: �� 'D�	 �#� �! (#$/1 ',�#6%
 4�1�����:IOCG; �'�6- G�W*% (4�1�����:IOCG 2

2 4>7	',\ S6,B� 4�1�����: G��- "0 �! �B�!#2 4�1�����:
= 2 U��#�2# (�10 '��:# �
�E0 4�1�����: ±�
�/H�� �� 

(�� (�$: 4',! �+# .2Q? �
#4��jB9# ��X8 $)*1Iron 

Oxide Apatite (IOA)  �10'��:# 4�1�����: �! #� 
��%�?0(�#� �C�� �� 'D�	 �#� (2$H 2� �! #� �1�����: �
# 2

�+# (�$: U���% $
� ��>!:
v�'��||:# 4�1���||��: �# �||,P �||10 �||�%�?0)IOA :( �||
#

 �|W10 U��%�/H�� �! (#$/1 $B*�! �1�����:��� 2 (�6|! �
�|�7D 

&6D�B	$H �#$D �
�/H�� 4�1 '�#]rr�r�[.�
#S6� �1�����: �# 
b$! �! $B*�! �
�|1 �|,��� �|! �|�B,)� 4��|A�I# �|��6,�B:# 

�� (�$B�H ���+$H� 4#�#� 2 '�6- 4Na-Ca $|! �|: ',B�|1 
"0 �y��P ���: y�I 2� �|! �|1 y|��P �|�B,)� �(2$|H )'|,��� :

�O	�!(Kiirunavaara 2��%�/1 (2$H +��B,)� )',���:Per 

Giejer, Gruvberget, Pea Ridge  Pilot knob ( U��|�%
�� '�6- .
r�$��	 �10 '��:# 4�1�����: �# ��%�?0 :�
# S6|� 2� �|! >|�� 

�� U���% (2$H �6- :e�#��! �: �
�1�����: �� ��W|-0 ^�6|n
 ̀ |�%�/H�� 4�1'|,
0$	 $|[#�G�W*|% �!�|�$H ('|- G|�� �'|�#

4�1���||��:Lightning Creek, Southern GBMZ ; ��
�|16C�# �|! 4��W|-0 �|1#$/1 �|: �
�1�����: `|�%�/H�� 4�|1
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"#$��� �"#$/8 �#Q�'�-� �4���D �"��%�C� "#$
# �+�,- ���: 2 �+�,-�67! �7@� ���

'||��#'� .�||� #� �1���||��: �||�6H �||
# �# ���||�� ���||��: �� "#6||%
Cloncurry 2Tennant Creek�$! 5�� ���#$B+# �� .

��%�?0 �10 '��:# 4�1�����: (�)B+�9 ��6� �� S6� �#�
�+�$! "6,3�% ��2$
�:�14�1$x� 2 �B	$H 5�@�# 4��
� 4

��!�� �N7B��(4"0('- �M#�# �1'�# .h'� $! $B*�! ���2# 4�1
'��6! �#6B+# �
#$dn c!#2� .�
# 4#$! �: �1�)B+�9 ��B���

 �!6+� (�)B+�9 �'- �B	$H $x� �� �1�����:]�k[�: �6! 
�7/< �# ��#$)*12Q? c+6% �1'Y!]�l ������[�! ^�6n

# (�)B+�96�%L#>H��! �: �!6+� ;6+� GV-�� �
��/�- 4�1
���*N*%0 c�d� `
 ��% �
�
�� �� ��*��	�
 $��i% �'�6- .�#

(�)B+�9�� �$)
� 4�1 �
�/H�� (�)B+�9 �# "#6%]��[�!��$H �
"�*N*%0 �#�)volcanogenic (]��[4����$H� �]��[��!��$H 

]l�g��g�[4$��C% �)evaporitic-source model (]��[2
(��- h'� �
�/H���� 2 �
�/H�� 4�1]g�[�$! 5�� .

$x� �! �,!]gg[&�+#$! ��1�����: �
# G�W*% ',
0$	 
����Y	(��- �: �+# �
�/H�� �*
#'< 2 �!��$H 4�1 4�1 

�����+ ��#2 ������: G�W*% ���
�? GI#$� �� >�� 46< 4
���:�� �
#�'�6- .���: S6� �
# �� �
#�J,+ "2�� �1�����:-

�� 42� 4E6N� 2 ���*N*%0 4�1 �� �6<6� ^#>7	 $B*�! 2 '1�
 '��#� �
�/H�� (�)B+�9 ��1�����: �
#]gg[.

�9$+ �10 �����: ('- ��
 '1#6- G��� �! =>
� f�7CD 4
���: �$�)�2�� J,+ G��- �
$B*�! ����+$H� 2 �+�,-

�*� ��2$
�: S6� �10 4�1�����: �! #� �1�C-�� "'1� .�
#$!�,!
�9$+ �����: ���#�# �� �10 4�1�����: �! =>
�S6� �# ���2$
�: 

�HQ
2 $x��+# ('- ��
��� �7n# 4�1.

 ���� � VW�)���%&�'���� ������ �	� 
���
  �
2 �
�
����������� ��� �� ����(

��J���� X�� 
��B,)� 4�1�����:�J,+ �! $B*�! ��2$
�: S6� ��%�?0 4�1
�/�� 2 ���*N*%0',1#$/1 O�/8 .�H�2 �1 b$!�! �1 GV-
U1 �
 zA��B�(�$B�H S#6�# �! y�-J,+ �# 4# �!6+� 4�1

(��D�6B+# 2 ���*N*%0 �4# G��- 4E6N� 4�1�b$! 4�1
K6% �`��7	 ���*N*%0J,+ ��1 2 �C
$�% �!6+� 4�1

���#$H',1#$/1 �1 .U��%�/H�� �! ��2$
�: S6� $
�9E�W10 �
�B�!#2 �
��7D �% �
��7D'�# G�W*% c�d� �! �B�! 2��

(�#'H(�6% 2 �B�:#$% �% �B
�'�0 4�1�/�� 4E6N� 4�1 �! O�/8
 �
�6
� 2 ���2>�6� �4$�	�6? >%�#6: �4$�	�6? ��,�+ y�:$%

�� G�W*% '�6-]gg�gk[.J,+ "�!>�� �
��7D �B�:#$% 4�1
**: OA�,� �! ���2$
�: �����:�� (�#� �C�� �'�6-]gl[.��

�9$+ �����: $�)�2�� J,+ ��6�����  �! �� �=>
� �+�,-
 �� #� ��#6� �
# ��,Z/1 2 ��	$H �#$D �+�$! ��6� ��T,�

 h2'<g(�$: 4�20 z/< >�� U
#.

�$�� � ���� � ��
�	 
�+',1 4#�#� ��2$
�: S6� 4�1�����:',B�1 �%2�NB� 4.

(�6%�! ��'Y� 4�1�! ���
� �% U: y�- "2� GV-4�1
����� U1 GW-U1�� �% y�- �H� �y�-�W
#� 4�1 ��+'8 �GW-
"2�(�6% 2 �B�!�#� 4�1�dNn 4�1�� ('
� 4# '�6-]g�[.��

�H� ��1�����: �# �{Y! �! �1 �7�+2(�#'H 4K6% 2 �1 42�I 4�1
�� ('�-6? �10 '��:#'�6- ."2� �dNn 4�1�H� 2 4# �1)�!

$B� �1'n �% $B�',\ 4�,�? ('��#� b$B�H �1$B�67�: .��
�	�! ���2$
�: S6� 4�1�����:(�6% 4�1 2 ��B,)� ��! 4�#6� �4#
($NI ��,�*��< ���%�?0�H� 2 �-$! �4#('1�*� G!�D 4# '�#

]�� �g��g�[.�+',1�9$+ �����: �� ('- ('1�*� 4�=>
�
�H��+# �B�!�#� 2 4# .�7n# �
$%�H� ��+',1 �
$B/�� 24#

(�6% �� $B*�! 2 �+#�/�� 4E6N� 4�� ('
� O�/8 �6-
)h2'<g.(�	�! 2 �9�+ S#6�# ��6� ��G�W*% 4�1 �� ('-

�+# ('- (�#� ���6% �	�! 2 �9�+  �! �� ������: �
#.

��&2 Y�W& D��� 
c�d� ��1�����: �
# G�W*% 4#$! ���,*�? �N7B�� 4�1 

('-'�# .Q?"#$)*12 4�'YB�]�� �����g[�� ��6� ��YD6� 2
(�)
�< �����B9�+ �
# S6� �$
�9E 4�1$x� �#$!# ��!�*�
(�$: '�# .'��8 �!(4]�[4�1�����: Iron oxide Cu-Au 

(IOCG) ���� c�d� S6� �+ ���� G�W*% �B9�+'�6- :
��(��D ��-�I  �#�2$	 "2� �4# 
���N
� "2�� 4�1 (��D �4# 
g��#� ���� .

���� ��YD6� #� �
�/H�� h67d� �
��/�- y�:$% ��B9�+
�� h$B,:',: ./1�4c�d� �
# �# 4��
� U@I 4#�#� �1
����Y	 y+�,� (�)B+�9 J,+ 2 L�! �
��$H "�
$< ��
�E0 4�1

 ',B�1 ('��:# o�BC��]�[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

13
 ]

 

                            16 / 22

http://ijcm.ir/article-1-417-en.html


'7<��(��/- �k"�B��� ��g�� �10 '��:# �����:��%�?0 �9$+ �#��! =>
� S6� "#6,8. . .���

U�
T>��
��� �HQ
2 4�9$+ �����: 4�14�1�����: �! =>
���2$
�: S6� �10 .

 #0���	������� ��� �	� '�	������ ������ �	� ���������� �
����� 

Y�W& 
 D��� ��&2 

(��D ��-�Ic�d� ��1  �#�2$	 4�1
����*N*%0 ',!$/: �! �B�!#2 

U
a��**: �B9�+ ���� 4�1 

(��D h�Y	 w�-�I 4#)�
�/H�� &6D(
�**: c�d� `
 �� 

5�D�#�� '2$?6p��? 2 �+6�7? �% `�M2�2$%
�+6B��p7? 

���
�? �+6M# �4��P0 �+6)��# 

�����& X�� 
J,+�W10 ���*N*%0 4�1��
��7D 

�
��7D �%)���6
� �% �
�'�0 (2
(�6%`��6%67? 4�1 

����2>�6� >%�#6: y�:$% �! 4E6N� R�6%
J,+ ����#$H ����2>�6� �! ���*N*%0 4�1

�:#$% y�:$% ��:#$% ��
�'�0K6% 24�1
 �B
�'�0)�
��7D U��%�/H��(

��	�&
)����-#�& 

�C- ��
��7D �% �
��7DI type �L�! U�+�B? ����6�0$? ��
��7D I type 

��
�	 �H�(�6% �4#�B�!�#� 2 4# �H�(�6% �4#�B�!�#� 2 4# 

 ��� ���" 

�#'�� �! ��B,)�Ti 2V���
�? 
�M>< �#'�� ��
$�? ���%�?0 ���%�/1 
�'��?6
� ����6,�B:# ��
$�?6W��:

>%�#6: 2 ���7: 

��
$�? ���%�/1 ���%�?0 ���B,)�
 ��
���6� ����6,�B:# �����6! ��
$�?6W��:

 ��:2$�? ����7: �>%�#6:)S6� �# $B*�!
'��?6
�(

 ����#� 

'+``
'+ ����B,)� �`��7: �

��%�?0���B��
$+ ����6,�B:# 
'- �,�����6% 2 `�+�B? ����7�+"

�+�B?`�`�7
a�0 ����7�+ ��B��
$+ �
�,�����6% 2 �B��6,�B:# ��%2'�?# ��B
$7:

"'- 

�$�� � ���� (�6% �4�#6��,�*��< �4# 
���B,)� 2 ��%�?0 ��! 4�#6� �	�! 

(�6%�B�!�#� 2 �-$! �4# 
:&
�� 
U�D�� 5
��� 

�)B�W- ��-$! OA�,��1�)B�W-"2� 2 �1�7�H 4�1 

��8 

v�'H �
#'< (�# 2 �%�W�7�+ 4
4'��:#)�/
'D w
$x�(

r��!��$H �/H�� �# �B	$H �*
� �1
)'
'< w
$x�(

(�6% E6N�42 �B��2>�6� ��B��2>�6� >%�#6: 
�/�� �B��#$H ���*N*%0 4�1'I#2 �� K�a

����Y	 2 �+6M#�!��$H �1

Z���& ]~���vt�vv��v� ��q���[]��q�s~�su[

$x� �!]r� ���[$
�9E S6���YD6� �� ��2$
�: 4�1 ����
�B9�+"2�� �N
� (��D"2� 2 4#��-�I  �#�2$	 4�1(��D 44#

�� G�W*% '�6- .�7W-$H� "#'�	 G��� �! ��6<2 �
# �!
UB��+ �# �9$! �� (�$B�H"0 �,/� �1#$/1 2 �1 �! �1 

J,+UB��+ �! �B�!#2 �(�)B+�9 ��
��7D �
�E0 4�1 4�1
N
�c�d� 2 �B 4#�#� �1�����: S6� �
# 4#$! �
#>16:�� 4�1
^�'D �+# 4$B*�!.

���:��%�?0 ��B,)� �
#��9$+ �#� �$C�# "2� �� =>
�
4$B9�!��+# �B	$H �#$D "�@
�!�E0 .Q?2e7B�� "#$)*1
��!��(4��YD6� �"2� �
# 56+ "#�2� U��%�/H�� e7B�� 4�1

� �#$D $x� ��6� #� �W���,
�6Ma(�#'�# .c�d� �
# &6D G��- �1
�-�I�4(��D h�Y	 4#]������k��k�[�+6D $
#>< h'� 2
',B�1 .]����k��sr[('
# h0�
# 4#$! 4���,*�? h'� �
$%

�+�$! �! �<6% �! #� �#6��HQ
2 J,+ �
��/�-6Ma 4�1 4�1
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