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6
: )�+Y��2+;'�) ����D �D �)� *�(� =c 1 �E9�+;( %)+C? 

�E) �
+�Y"���D .9 =c�4�"ZJ"R�1�?1��09) �� 6
� 
 ) +;�W"D�N� *2+��� ��aV� �� %&
� �
+�Y"���D 1�? �":

)`':�l�).(_� �?)+C?�[�� ��C?) y+0� +.
&�
 �9 =c
���D ];��E=c �(�� �� _�  �E�E.�
+�Y �D �
�?

�
+�Y"���D �9 *��6C?���D  �	 1�? _� 1&�R�"E 1 �E
%&: `��(, 12�^ &�)J"R�1�?�
&M;�? =c  ) )`':�A(.

 ) +;CD �
+�Y �� =c 4)�J ��09)NK�E) *2+��� .

9+� =%&: ���, �;(7+9 *2+;'�) +
2�n,�9E2��#1�
%&� )�+Y61�2+;'�) �[�9  ) ���7 1�?%&: 1 �E�l�) (�aV�=c 12�^ �
+�Y"'��7 1�? 
(Au) A ��
+�Y �M��  �� (J"R�~ ��
+�Y `-)� �� =c (�V&:+Y+R^ %�?��;M.� �� �">"� E2 �9��#��M�,"C��9 (Bmt)�
+�Y"ME�3 2
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+�Y"ME�3 ��09)x�S��B  ) +;C7 Ke/K�E) +;C�#�� .

�����>� 
9 �9��+V ���E+V��%�+;�V �"c)1<=> �����7 �� ��93 4�"Z

�;	+V�$"C\� 21���7 �a�
��, ��XM� �� *�E+V� 1�?1
����0	�� *�(� ��XM� �� )� �9��+V 1�?&?� .E�+9��?1
XRD�)� *�(� �Y"'E2+'�� 2&����7 �?�� <"C0� 1

��XM� ����"�+, ����"M�;7) `��: �����7 �� *�E+V� 1�?
 ����#7 �6,�)"7 �U��, ��
+�Y ���,"V ����"�2� ��
+#7

�E) ���
+E 2 ��S�3 ���,"�9 .���E+V� ���2) �9��+V 1�?
���E+V� `��:1&E 1�?����7 �9 �7 �E) U��#7 1�?
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��"C� 12� �&: !�\�) �?2��"C� �D %�)� *�(� d"C\� �� �?
 ) ��;M.�)�Q(%����"M�;D)2+	 )�N(%���, �)�K(%�
+#D �
)QK(%���#D 2)�(%%&: `��(,&�) &M
)+	 y+0� �D 

]��,��"E�;��E) ]
&E .U
&E ���E+V����#7[�9 �� U-
�����D �
+
  1�? )mC$�KK�@KK+;� (���7 �9 �-�: 1�?

��"C� �� �7 ���^ �� �%&: %&?�(� ���"�+, 2 ���"M�;7) 1�?
 �E) %&(� %&?�(� �5XE)`':NA 2 l�) .(

9+� ?���E+V�  ) �Y"�E2+��� +
2�n,�����D �� �">"� 1�?<=> ��93l�) �(�E+V��� 1&E �� ���DM�9 �?3 L�)&-����72 %&�(7 1�? 
���"M�;D) �� "E (Act)A �(1�?�"#9 `�'(, ���"�2� ��9 ��;M.� (Dol)2~ ����"M�;D) (���E+V��? =D"
g=Y(Pl)   LME �� 1�?

 ���(R(,3 �
+#D �9(Chl)� �(���E+V�LME �� &M#S��"? `�:�"- 1�?�"#9 1�? ���(R(,3�
+#D �9 ��(LME *&: ���#�E �� �	", 1�?
+R^ *&: +Y +�)%�?�.;��: 2�?E2 �9��#6,�)"7 (Qtz)� �6,�)"D `��(, 2(���E+V�9 1 �9�
� �
)� ��  =D"
g=Y 1�?�"#9��9 `��D �"c
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&#>��%��C: ��*�;�9�, �Q@�N ���7�?3 &��7) 1 �E�_��=c(IOCG)  �����7 ��. . .���

[�9 �����7 ���"M�;D)  ) �MB 1�? ��D+
  ���,�Y3 1�?
D +
���� �� 6�� 6,�)"D2 �
+�Y&: %&
� ]&�)`':�l�).(

��;M.� 1 �E ���79�+;(���7 �9 ����"M�;7) *�E+V� 1�?
�E) %)+C? U��, 2 �
+#7 .���"M�;7) ���E+V� +�) �� U��, �?

 �+'#C$ +�) �� 6�� 1��)"� �� 2A��+V�?112� _�#�E 12�^ 
[�9�E) %&: ��\
) �;��"�2� 1�?.

<"S�R�3���D %)+C? *�E+V� [�9 1�? LM�
� )�+Y6
�2+;'�)�&�&: .�� *�(� �;(V+9 *2+;'�) +
2�n,?�M�� �7 &
[�9<"S�R�3 ���;M.�  ) �MB LM���7 1�? L�� 4)+��|, �?

��^=� `9�G�� *�(� 1) &M?�)`':�A.(T+C�� ���, 1�?
<"S�R�3  ) %&:�MB ��?��, 2 �V&: +Z�M$  ) �V&:Fe 2

Mg�� *�(� )�?�M�,�"Z �� &�)&�� �7 Ca %�"9 �9�� x�S
+�, 
�C� *�(� �,)+��|, 2&?�)`':e.(���7 +.
�  ) �
+#7 1�?

9 �7 �E) *�E+V� ]���[�9 �� %�+;�V �"c l#;�� 1�?
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� LM���7 %)+C? 2 ���(R(,3 1�?�": .
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) �":]QQ.[

9+�@�;(V+9 *2+;��) +
2�n,E2 �9��#�
%&� )�+Y61�2+;'�) ����E+V�  ) &E 1�?1<=> �����D �� ��93 .l�) (���"M�;7) �9 ��;M.� 1&:+C?
 �"�^ 2��,�Y3 1�?�"#9(Ap)A ����"M�;7) 1�?�"#9 ��9 (��XM�&M91�9 ���"M�;7) 1�?�"#9 �?3 2 ]
6�M� 4)+��|, `���.

9:�A���"M�;D) �� +Z�M$ ��#B 4)+��|, T+C�� ��> �� T+C�� ��?Y�*�'  ) %��R;E) �9 
� U
%&� )�+Y61�2+;'�) ��E) %&: ���, .+
2�n,
���"M�;D) �;(V+9 *2+;��)�� *�(� �??�M�)� �">2 +.
&�
 ��MD ��  �	2� �D&�&)�:2� �C�G 2 %+�, �C�G .(T+C�� w�E)+9 %&: ]E� 1�?
[�9 �� �?3 +nM$ �)&��[�9 �� ]
6�M� �)&�� 2 �E) ]
6�M�  ) +;(�9 �:2� 1�? 2�+? �� x�S
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1�"0�� ��9)+�� ��7+�: �C
+7 �#\�*)+
) �E�M: ���7 2 �E�M:�"#9 ��K

���E+V�)+� 1�? ��
"��� ��,"�9 `�'(, `��: ���
�Y `^
�E) ��,"V 2 ��,�C? ��
"'E"� ���M��"f�7 ����
+E .

LME �� �? =7"
g=Y �9 ���E+V� +�) �� ���(R(,3 1�?
%&: `
&S, ��M��"f�7 2 ���
+E&�))`':N�.(1 �E ���7

_��=c9�+;(���7 �9 2 ���
+E ��
+#7 *�E+V� 1�?
&M?)+C? 6,�)"7 .��<2&> Q���S��1'(, ����V2� `���7 �?

�E) %&: %�)� *�(� .���7`^)+� �� ���"M�;7) 2 ��;M.� 1�? 

���7 ���2)�E) %&: `�'(, 1 �E.

��
�&B/ 
LME ���$ 2 �
��C�: ��D+, w�E)+9 ��?3 <=> �����D �9 ��93

 ���W%2+V� LM���D �1&��D) LM���D �;�;M. ����$+Y 
� LM���D �;�;M.]D*";�;#�E 2 ���$�?1���D %&: 1 �E

]���, ���": )><2&�.(

�"	�#���S��1���7 �?1���V2� <=> �����7 �� ��93.

�"	�$�
��C�: ��7+, ��.����d)"�)<=> �����7 �� LM���7 l#;�� &Z�� w�E) +9 ��93]�[.
Mineralized 

siltstone 
Magnetite poor 

ore 
Magnetite rich 

ore 
Oxide 

ore 
Com. 

NN/Q� QK/@@ @Q/N@ �Q/N� Fe 

QK/KK�/KK�/KK�/KP

@N/QN@/QNK/Q��/KFeO 

�K/�@ K�/�� ��/Q� @�/QQ �SiO 

@�/@QK/�e�/KQK/Q@O�Al 

�K/�KQ/��@/��@/�MgO 

�K/N�N/�@K/�@�/@CaO 

K�/K��/KKe/KQ�/KMnO 

�K/KQ�/KQe/KQN/KCu 

N�/QK�/K@N/��Q/Q@ Fe/FeO 

�K/K��/KQQ/KQ�/K�TiO 
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&#>��%��C: ��*�;�9�, �Q@�N ���7�?3 &��7) 1 �E�_��=c(IOCG)  �����7 ��. . .��Q

� �)&���.����FeLME �� &��D) ���$ +Y �?3&:N�
&Z���E)��
  +
���� �9 �D 1�E) %)+C? ��,�C? .>���1
��D)
[M0
 LM���D ��?3 &��D) �9 `D �?3 �S�� )II (

)Fe/FeO( )K�/K�,�Q/Q@ &Z���� +��|, &MD �
) �7
 4)+��|,�9+? �">2 �� �;�;M.� 2 �;�,�C? ��?�� 12�

[�9?�����7 l#;�� 1� *)"�C?�E).>���
��D) [��
� LM���D�;�;M.� LM���D ����$+Y �;�;M.]D2 ���$
*";�;#�E�?1���D 1 �E %&: %&: ]D �?3 ���$ [?�D �9

�E) .�S�� �)&�� �
+;CDFe/FeO���D [�9 �� �� 1 �E
*";�;#�E �?N�/Q�E) .%)+C? +�� +Z�M$  ) ��
 �+V"V

�?3 1�?�����D �E)LME ��R�D 2�� [?�D )� �?3&?� �7 

4)+��|, �� *3%+;�V1�/Q�,�/��E) &Z�� .�����D ��
<=> ���D ��93 �9 ��,�Y3 1 �E �)&�� 2 �;	+V 4�"Z ]D *)6��

 �����D �
) �� +R�	6�W���E) .��.����CuLM���D �� 
���$+Y �;�;�M�Qe/K�E) &Z�� .���7 �)&�� �
+;(�9 1 �E

�*";�;#�E �� _*3 ��.���� 2 �E�?�/K�E) &Z�� .
���D [�9 �� +;(�9 _� 1 �E �.;��: �� 2 mC$ ]D 1�? �?

���D %)+C? �9 2�E) %�)� T� 1&�R�"E 1�?.�E�+9 �"�M� �9
��"C� ���;M.� �C�:  ) %��R;E) �9 �;�;M.� LM���7 1�?

�
%&� )�+Y61�2+;'�) ��)"� 1�23+	 4����5, 67+� �� ��&0� 
*)+
) �
6\,�X��&: 1)%&�))<2&> @.(

�"	�*�X�� �
6\, {
�;� ��;M.� 1)<=> �����D 1�? �2� �9 ��93�
%&� )�+Y61�2+;'�) �.
Point MgO MnO FeO Fe�O@ CaO CoO NiO ZnO Al�O@ Cr�O@ SiO� TiO� V�ON Total 

Q K�/K QK/K Q�/@K QK/�� ��/K ��/K KQ/K K�/K KQ/K KQ/K ��/K K�/K K@/K ��/QKK
� K�/K K@/K �N/@K  ��/��  Q�/K KQ/K KQ/K K�/K K�/K K�/K QN/K K�/K KN/K Q�/QKK  
@ K�/K K�/K ��/@Q  NN/��  @N/K nd K�/K nd K�/K KQ/K QQ/K K�/K K@/K ��/QKK  
� K�/K KQ/K �K/@�  K�/��  QQ/K nd KQ/K K�/K K�/K K�/K Ke/K KN/K K�/K @�/QKK  

N KN/K KQ/K �e/@K  K�/��  Qe/K �e/K K@/K K�/K K�/K KQ/K Q�/K K�/K K�/K @�/QKK  
� KQ/K K�/K ee/@�  KK/��  Q@/K nd KQ/K nd K@/K KQ/K QQ/K K�/K K@/K QN/QKK  
e KK/K KQ/K ��/@Q  Q�/��  �K/K nd KQ/K KQ/K K@/K K�/K Q�/K K�/K KN/K ��/��  
� K�/K K�/K e�/@�  K@/��  Q�/K nd K�/K Ke/K K�/K K�/K Ke/K KN/K K@/K �e/QKK  
� K@/K KQ/K K@/@�  e�/�e  ��/K nd K�/K nd KQ/K KQ/K KN/K K�/K KN/K @Q/QKK  
QK K�/K KQ/K �K/��  Qe/��  Q�/K @�/Q KQ/K KQ/K K@/K K�/K K�/K K�/K K�/K Q�/QKK  
QQ K�/K K�/K NN/@K  N�/��  �Q/K ��/K K�/K nd KQ/K KQ/K �@/K K�/K K�/K ��/��  
Q� KN/K K�/K @/@K  �e/��  K�/K @K/K K�/K KQ/K K@/K K�/K @�/K K�/K K@/K ��/��  
Q@ K�/K K�/K ��/@K  ��/��  �K/K nd K@/K nd KQ/K K@/K �N/K K�/K K�/K �N/QKK  
Q� KQ/K K�/K �@/@K  �@/��  Qe/K @�/K KQ/K nd K�/K K�/K Q�/K K@/K K�/K e�/��  
QN nd K@/K N�/@K  ��/�e  �Q/K nd KQ/K nd KQ/K K�/K ��/K K�/K K@/K �K/��  
Q� Ke/K KQ/K Ne/@K  QQ/��  QQ/K nd K�/K KQ/K K�/K K�/K �e/K K@/K K�/K �e/��  
Qe K@/K K�/K Ne/��  ��/��  K�/K ��/K KQ/K nd KN/K KQ/K NQ/K Ke/K K�/K ��/��  
Q� KQ/K KQ/K KQ/@Q  K�/��  Q@/K nd K�/K nd KQ/K K�/K Q�/K KN/K K�/K �@/QKK  
Q� K�/K K�/K eN/@K  �e/��  @Q/K nd KQ/K nd KQ/K KQ/K NK/K K�/K K�/K ��/QKK  
�K KQ/K K�/K ��/@K  Ne/��  QK/K �e/K K@/K K�/K K�/K K�/K ��/K K�/K K@/K @�/QKK  
�Q Ke/K K�/K �K/@K  @@/��  ��/K nd KQ/K nd K�/K KQ/K ��/K K�/K K@/K Ke/QKK  

�� K�/K K�/K �@/@K  �N/��  QN/K nd KQ/K K@/K KQ/K K�/K Q�/K KN/K KN/K �@/��  

�@ K�/K K�/K �Q/@K  �@/��  QQ/K nd KQ/K nd K�/K KQ/K e�/K K�/K K�/K �e/��  
�� KQ/K K@/K �@/@K  @e/��  �Q/K @�/K K�/K nd K@/K K�/K ��/K K�/K K�/K �Q/QKK  
�N nd K�/K ��/@K  �N/��  ��/K @Q/K KQ/K K@/K KQ/K KQ/K KN/K Ke/K K@/K ��/��  
�� K�/K KQ/K KQ/@Q  K�/��  ��/K nd KQ/K K@/K K@/K K�/K �K/K K@/K K�/K QN/QKK  
�e nd K�/K ��/@K  ��/��  Q�/K �@/K K�/K K@/K K�/K K�/K ��/K Ke/K K�/K ��/QKK  
�� K�/K K�/K �N/@K  ��/��  K�/K K�/K KQ/K K�/K K�/K KQ/K �e/K K�/K K@/K e�/��  
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) �E�M: ���7 2 �E�M:�"#9 ���
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Ke/K�E) +��|;� &Z�� .+
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��;M.��?��|�, ��MC#
) 1�?J"R�1�
%&&(� .�)&��V2O5

��;M.� ��  ) �?K�/K�,K�/K�E) +�|;� &Z�� . ) �-+9 ��
% )&�) ���� ���S7 1+
���� %&: 1+�V(��>��2 %&: ��;M.� 

�� *�(� {
�;� �)&�� �7 &?� CoO��;M.� �� KQ/K�,@�/Q
�E) &Z�� .J"R� xb�C;^)%��:���S7 1�? �$�9 LM���7 �� �)�

�E) %&: ��;M.� �� ���S7 �M�(��>.+
���� �9 ��;M.�
 ��f�YTi ) ) +;C7KN/K&Z�� (�-�:  ) 1�?�����D 1�?

IOCG?�����D �9 2 �E) 2 &�R�"E "�E�� �*���E) 1�BIF 
�E) �+;(� .��;M.� 1�?�����D d"� ��2+
�D)��;M.� �

��,�Y3 (1�?�����D �9 ��
��� �� 1+�	�"Y _� 2IOCG 
1+;(�9 +
����Ti&��)� .+Z�M$ 6D+C, Mn 2Al �� 
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