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/
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�� ���T0 &�A�9/  *% ��	
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  .��4���I  *%  �U  -�
  =�7�%  �h_�  &��%  *	�A	0��  

B
�W
  j4�E'  �  ����
�0  /�  �y�%  �/
��  jS�   ��! 

EA0	
��  �y�%  �
  [4��	  *4K�'  G
/
4l�  ������  *  /�  

�0��T.'  �/��  �q	  /
�6  �@��-�
  *%  .7�=�  
*"�4  � &
K�  

�'/
�, Q� %  
��%
 /� �  -.	 ����R��4
  ���
/�R kA! -�
  

S1  	K�  	  I�%-T�  /�  �  
K@
  �%  g�A!
 D4  �&
K�    �  FA!

�'/
�,  Q� %  
�4  � &
K�  
K@
 D4  W�'  *  -�
�  �0
�9��  

`�T�b� % � �&
K� PI �/
� . 
  

=�'S 2. 7�M/��� ��+��"���  �����_J �-, �� B���+  7��� ����� )B�"�&  ��? �K� ?./ 
2011 (  

�	���  ;_`� 
TOC 
(%) 

S1 
(mg/g) 

S2 
(mg/g) 

S3 
(mg/g) 

S3' 
(mg/g) 

S3CO
(mg/g) 

Tmax 
(°C) HI OI PI 

RC 
(%) 

PC 
(%) 

�K
&

�
  

1 15.54 1.10 84.55 2.21 11.95 0.66 442 535.13 15.50 0.01 8.30 7.24 

2 12.09 0.55 48.89 3.25 13.68 0.90 438 380.38 32.38 0.01 7.82 4.27 

3 10.67 0.55 43.76 2.49 13.22 0.71 441 369.92 35.56 0.02 6.86 3.81 

4 8.77 0.45 38.62 2.35 10.89 0.60 441 412.25 29.50 0.01 5.36 3.36 

5 14.96 1.20 72.64 2.17 11.73 0.64 442 491.39 15.71 0.02 8.70 6.25 

6 17.14 2.13 94.84 0.73 9.13 0.28 444 558.31 4.23 0.02 9.04 8.11 

�
&

 

1 17.67 1.40 85.05 2.78 12.05 1.20 438 491.63 15.50 0.02 10.32 7.35 

2 23.06 2.34 114.79 1.73 11.89 0.80 442 501.50 7.30 0.02 13.21 9.85 

3 14.04 0.89 60.10 2.94 12.58 0.99 439 425.15 22.74 0.02 8.81 5.23 

4 15.09 1.17 71.15 1.98 11.49 0.88 438 470.88 13.88 0.02 8.96 6.13 

5 19.44 1.28 83.02 2.94 12.81 1.32 438 426.00 15.90 0.02 12.25 7.19 

6 24.69 2.51 122.21 1.74 10.50 0.83 439 495.35 6.88 0.02 14.21 10.48 

   

  
!*� 3.  "���/�   V"��RT HI ��  �"�  Tmax '/��� �& )A(
 �K&� )B  ()V���T � ?-�
 1984 ( 

 

A B 
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&
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�����%  �  /�  �	���  ���  �4
  /
�`�  75 /70  �Y/�  -�
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�  �q	  �	
�
�@  ��%:��  �
  �	���   ��� 
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89 /11  �Y/�  �����%  .�	���0  *'�.7��  �  �	���0  

���7�0  �
  �q	  �	
�
�@  �  ��$	���  /�  �	���  � ���   ����% 

�
  �	���  ���  �����%  .��$	���  �	���0  *'�.T@   /� 

�	���  ���  58/0  �  /�  �	���  � ���  43/4  �Y/�  �����%  

)l��L��0  3  �  4(  .��$	���  ��0��T
  G�h���	  TiO2 � 

SiO2  �  Al2O3  /�  �	���  ���  ����%  �
  �	���   � ��� 

������%   /�  �'/�Y  *  /
�`�  TiO2  /�  �	���   � ��� 

��	
   ����%  �
  �	���  ���  -�
  . ��$	���  ��0��T
  

G�h��  MnO  �  K2O  /�   �	���   � ���  ����%  �
  �� �	� 

���  -�
   �  ���\A0   ��$	���  CaO  /�  ����	   � ��� 

����% �
 ��� �����%  )l��L 5  .(  

 

=�'S 3.�/����+ !�� ��./ ��*�-�0 �� ���.��" �" ��-�/,  XRD 

 �	���  

�	���0  *'�"� � �	���0  ��/ �	���0  *'��%� 

�	���0  

 ���.7�� �	���0  ���7�0 �Y��!  ]7�9 �	���0  ���T
 

��	��0  

 *'�.T@ 

��$	���  

�%�  =  

���� �7� 

)TOC ( 

 � ��� 
Quartz, Mica, 

Natrolite, 

Albite 

Montmorillonite

Sepiolite, 

Nontronite 

Calcite, magnesian 

Calcite, abuyelite 

esquehonite, 

Buetschliite,  

Pyrite, eaverite, 

Tochilinite, 

Enargite, 

Woodwardite 

Hydromolysite, 

Halite, potassian, 

Ralstonite, 

Chloromagnesite 

Wairauite, 

Graphite, 

Kamacite, 

Roaldite 

Nadorite, 

Melanovanadite, 

Chromite, 

Ralstonite 

Brushite, 

Beudantite 

 

 ��$	��� 71 /8  53 /17  06 /78  88 /7  07 /8  27 /2  56/6  43 /4  28 /14 

 ��� 

Quartz, 

Schorlomite Nontronite 

magnesian Calcite, 

Calcite 

Plumbojarosite,

Potosiite 

Chloromagnesite,

Ralstonite 

Wairauite, 

ferrite 

Cesstibtantite,  
Rutile, Rancieite, 

Grimaldiite, 
Meixnerite,  
Ferrian coulsonite,  
Perovskite, 

Crednerite, 

Ralstonite 

Erythrite, 

Kintoreite, 

Koninckite 

 

 ��$	��� 04 /15 18 /13 75 /70 86 /5 06 /9 81 /10 30 /12 58 /0 19 

  

=�'S4 .]���/  G��/ ��� �/����+ '/���  �K&� � �& !��  ��./  ��*�-�0  

 '/��� 
\PH� 7���  

����� 

�/����+  

GT�*�K�� 

�/����+  

 ��� 

�/����+  

GT���� 

�/����+  

 �'�-�+ 

�/����+  

�'�.-�� 

(��#  

 ̀ -�1 

�/����+  

 �'���" 

�/����+  

 GT�.�@ 

�7� !� ����  

�-, )TOC( 

�K&� 

1   71.76 28.16     10.67 

2 7.28 14.43 76.58   3.38   15.54 

3 9.36 24.93 73.92 2.37 2.53 2.35 5.41  17.14 

4 14.68  79.39 5.17   5.98  12.09 

5 13.84  79.8 3.37  1.79 12.50 5 14.96 

6 4.51 8.94 82.23 17.36 7.43 2.77 2.37  8.77 

 �& 

1 15.80  67.61  7.93 10.81 3.64  19.44 

2 18.44 13.18 44.67    19.67 4.03 23.06 

3 3.36  93.28 3.36     24.69 

4 33.23  62.22 2.29 6.83    15.09 

5 3.05  76.95 21.52   9.47 12.06 14.04 

6 10.65  81.53  2.83  4.99  17.67 
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!*�4.  ���aT  ���*��*��  �"  �!���+ ��./  '/��� �&  �   �K&�  �/����+  GT����   G�  �"�+  �����  �"��  �-,[  A7��� B� :  �����2  

 �K&� '/���  
B7��� B� :  �����4    
�K&� '/���C7��� B� :�����3    
�& '/���D 7��� B� : �����6  �& '/���  )  �" G�@&�

B�"�&  ��? �K� ?./ 
2001( . 

=�'S 5.  /]��� �ZT G� XRF G/��/��+ !�� ��./  ��*�-�0  

�	��� ;_`�  ���� �����  Al2O3  SiO2 P2O5 MgO K2O CaO TiO2 Fe2O3 Mno SO3 TOC 

� ��� 

1 3.70 17.40 0.60 0.70 2.10 63.30 1.10 4.10 0.60 7.50 10.70 

2 5.30 16.80 2 1 2.40 56.90 1.40 2.80 2.50 8.80 15.50 

3 4.50 14.90 3.20 1.50 2.50 52.70 1.30 5.20 2.90 11.80 17.10 

4 0.60 2.90 1.20 
 

1.20 82.10 0.70 1.80 1 6.20 12.10 

5 5.40 15.50 2.40 1.10 2.50 57.40 1.40 2.40 3.20 8.10 15 

6 3.70 7 2.20 1 1.80 70.70 0.90 3.40 1.10 7 8.80 

 ��$	��� 3.87  12.42 1.93 1.06 2.08 63.85 1.13 3.28 1.88 8.23 13.20 

��� 

1  3.10 8.10 2.90 0.70 1.80 53.40 0.60 10.3 0.30 18.10 19.40 

2 8.70 30.10 0.60 0.50 4.10 30.10 1.30 8.10 1 13.30 23.10 

4 1.90 5.60 1.90 0.30 1.60 80.40 0.60 2.30 0.50 4.20 15.10 

5 3.50 6.70 3.30 0.60 1.60 60 1 11.20 0.70 10.60 14 

6 3.50 14.60 2.30 0.90 2 57.60 1.20 7.10 0.80 9.50 17.70 

 ��$	��� 4.14  13.02 2.20 0.60 2.22 56.30 0.94 7.80 0.66 11.14 17.86 

 

 

3-4 -  � ���� b�"�� !�K4T�/����+ �� ��./ !�� 

 �-, ���� !� 7�� )TOC(    
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  b4K���67  /��Y  K'/
� �	� �89 /13    ��  �	� ��Y/�

  b4K���82/2��  �Y/��	�  �4��  .���%  �0)Nontronite � 

Schorlomite� Ralstonite� Wairauite� ferrite�Cesstibtantite � 

Rutile  �Grimaldiite  �Meixnerite�Perovskite�Rancieite �

Crednerite  �Erythrite  �Kintoreite  �Koninckite �

Plumbojarosite  � Potosiite  ��0���  *	�A	  >4  /�  �#�'

����	
  ��L)l��0  3    �4(  .  �
17  *	�A	  ��!  �
  *  �
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57 /8    /�  �Y/�13  *	�A	 ��$	���  �%  -�T   �	�  �

12 /78    /�  �Y/�11    �%  b4K���  B��%�  �	�  �*	�A	

  ��$	���11 /74  �Y/�  �  /7    �*	�A	�	���0  )�"��  �

-	����/  �  -�	� 4Hydromolysite(    /�5   �	�  �*	�A	

Beaverite    �*	�A	  /�#J  /��	���0  )Nesquehonite � 

Nontronite  �Ralstonite�  Chloromagnesite  �Wairauite  ( /�

  �*	�A	  *��	���0  )Zabuyelite � Natrolite  �Buetschliite �

Halite,  �Sepiolite  �Albite  �Pyrite  �Tochilinite  �Enargite �

Woodwardite  �Graphite  �Kamacite  �Roaldite  �Nadorite �

Melanovanadite  �Chromite  �Perovskite  �Brushite �

Beudantite (-�
 ��� ��
� ]�E�'  *	�A	 �� /� .    

  �%  ��k!�	���0    �K'/
�  �	�  �  *'��%��	� ��0 

  ���ANontronite  �Ralstonite�  Perovskite    ��  /�

 .���T0 G���� � ��� � ��� �	���  

  �	� ��0���Ralstonite  *	�A	 �
 �9�% /��0    ��� �	���
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�  
/  l�A�,
   � ���
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��  ����%	���  �4
  =�"�'  FA!  �  ����%  �  -ST	

�� ��A ��� *%  .���%  
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 ��M  ��/�%  /�q��  *%�Y��!  ����2    ��$	���  �
  =��

) ��7
���
 ����R �t/�PAAS  �4��� ���.��
 (  &����R)

&
/�"A0  �  �1985  �  �'�"�k�  f &
/�"A0  �1977  f

�X�� �  >�	��/�  2003   .(  ��/�%  �%EF  * ��  ]E��  

 �'  *%  � ���  �	���  /�j�'    �Y��! ���A
Cd>Mo>Ag>U>Cs>Ca>Sb>Zn>V>S>Nb>Ni>Sr>As>

Cu>Tl>P>Pb ��M�� &��	 
/ I�% �������0�   r* �/�  

  �p�!Cd  D�%�4�'    �p�!  �Pb   ��M  �4��A����    
/

  �	/
�  �	���  �4
  /�  �/�    j�'�'  *%  ���  �	���

Mo>Cd>U>Ag>Cs>S>V>Ca>Sb>Tl>P>Sr>Ni>Nb>Cu

>As>Pb>Co  ��M  ������	�� &  ���0�* �/�r    �p�!

Mo  D�%  �p�! � �4�'Co  ��M �4��A  �4
 /� 
/ ����

�	/
�  �	���  )l��L  8��/�%  .(�0  �  &��	:� *  �0�

��MZ�%  /�  �Y��! �������� v �E�  ��0  ��  �����

�� -��S'  �pE�� �	�/  �
 ��� � � ��� �	���  *%  ���

/� ��� ��M �Y��! D0� � D4
K@
 * �'/�Y  �0    Z�%

��  &�T"4  �S4�`'���%  )="���0  5    �6(.    ���\A0

��M  ��$	���  ����  �Y��!Cd,Mo,Ag,U,Cs   ��  �0  /�

D�%  �	���  �4�' /
�`�  �� &��	 
/�0�  l��L)��0  6    �

7(  .��/�%��M  �$	��%  �0  *%  2�T,  �Y��!  ����

��  ^��,
  �  &���
��T
  .���%��M  �Y��!  ����

Cd,Ag,Cs,Ca,Sb,Zn,Nb,Pb    *% -ST	 � ��� �	��� /�

�� ����% ��� �	������%.    

  

5-4 - �E�� (��#  
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 ���T
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��  �

  ��	��  ^��,
  �  &���
��T
  *%  2�T, �Y��!U�Cd�Mo  

 �7� ���� �% HS'���� >�	?�'
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2 Enrichment Factor   
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 =�'S6. M��2�+ # ��/�� �� �'� ��% (�� �& '/��� �� �K(" ��+'���" � �+)*  ��"���3�  cP� ��5  � '(��**  ��"���3�  cP� ��1  ('(�� 

 

TOC 
(%) 

Ag As Ca Cd Co Cs Cu Mo Nb Ni P Pb S Sb Sr Tl Tm U V 

�	���0 *'�"� �� 
0.086 0.771 -0.086 -0.371 -0.371 -0.600 0.429 -0.600 0.200 0.371 -0.257 -0.714 -0.657 0.200 0.371 -0.771 -0.486 0.116 -0.714 -0.086 

�	���0  *'��%� 
0.143 *.886- -0.314 0.314 -0.143 0.143 -0.657 0.143 0.086 -0.600 -0.314 0.486 0.600 -0.143 *.829- *.829 0.029 -0.522 0.600 -0.371 

�	���0  ���7�0 -0.500 -0.500 **1.000 0.500 **1.000 **1.000 -0.500 **1.000 -0.500 -0.500 **1.000 **1.000 **1.000 -0.500 0.500 **1.000 **1.000 0.500 **1.000 **1.000 

�	���0   ���.7�� 
0.500 **1.000 0.500 -0.500 0.500 0.500 -0.500 0.500 **1.000 -0.500 0.500 0.500 **1.000- **1.000 **1.000 -0.500 **001.0- -0.500 **1.000- 0.500 

�	���0  ���T
 
0.200 0.200 -0.200 -0.200 0.800 -0.400 **1.000 -0.400 -0.400 **1.000 0.800 -0.400 0.200 -0.200 0.400 -0.400 0.800 **1.000 0.400 0.400 

�	���0   *'�.T@ 
-1.000 -1.000 -1.000 1.000 -1.000 1.000 -1.000 1.000 -1.000 -1.000 -1.000 1.000 1.000 -1.000 -1.000 1.000 1.000 -1.000 1.000 -1.000 

Al2O3 
0.410 0.154 0.359 -0.410 0.821 0.205 0.359 0.205 -0.154 0.359 0.821 -0.205 0.564 -0.154 0.410 -0.051 0.718 0.616 0.154 0.667 

SiO2 
0.800 0.500 0.500 -0.800 0.600 0.000 0.100 0.000 0.300 0.100 0.600 -0.400 0.300 0.100 0.400 -0.100 0.200 0.200 -0.300 0.700 

P2O5 
-0.600 -0.700 0.200 0.600 0.000 *.900 -0.700 *.900 -0.400 -0.700 0.000 **1.000 0.100 -0.200 -0.200 0.700 0.100 -0.400 0.400 -0.100 

MgO 0.100 -0.300 0.300 -0.100 0.000 0.600 -0.800 0.600 -0.100 -0.800 0.000 0.500 0.400 -0.300 -0.300 0.800 -0.100 -0.600 0.100 0.100 

K2O 0.872 0.616 0.410 -0.872 0.462 -0.205 0.154 -0.205 0.410 0.154 0.462 -0.564 0.205 0.154 0.359 -0.205 0.051 0.154 -0.410 0.616 

CaO *.900- -0.700 -0.800 *0.90 -0.700 -0.100 0.000 -0.100 -0.600 0.000 -0.700 0.300 0.100 -0.500 -0.700 0.300 0.000 -0.100 0.600 *.900- 

TiO2 0.410 0.154 0.103 -0.410 0.616 -0.051 0.462 -0.051 -0.205 0.462 0.616 -0.410 0.667 -0.308 0.205 -0.051 0.667 0.616 0.205 0.462 

Fe2O3 
-0.100 -0.200 0.700 0.100 0.700 *.900 -0.300 *.900 -0.100 -0.300 0.700 0.700 0.000 0.200 0.500 0.200 0.400 0.100 0.100 0.600 

Mno 0.300 0.100 -0.100 -0.300 0.500 -0.200 0.600 -0.200 -0.300 0.600 0.500 -0.500 0.700 -0.400 0.100 -0.100 0.700 0.700 0.300 0.300 

 

�'S =7. +�/�� �� �'� ��% (��# �M��2�) �K&� '/��� �� �K(" ��+'���" � �+*  ��"���3�   cP� ��5   � '(��**  ��"���3�  cP� ��1 ('(��  

 

TOC 
(%) Ag As Ca Cd Cs Cu Mo Nb Ni P Pb S Sb Sr Tl U V Zn 

�	���0 *'�"� �� 0.100 -0.300 0.100 **1.000- -0.100 -0.600 *.900 *.900 -0.300 0.500 0.700 -0.300 0.600 -0.200 0.300 0.205 0.100 0.300 -0.100 

�	���0  ��/ 
**1.000 **1.000 0.500 **1.000- **1.000 0.500 **1.000 **1.000 0.500 0.500 **1.000 -0.500 **1.000 0.500 -0.500 0.500 -0.500 **1.000 1.000** 

�	���0  *'��%� -0.371 -0.429 -0.714 0.086 -0.314 -0.600 -0.257 -0.257 -0.543 -0.143 -0.657 0.200 -0.200 -0.257 0.486 -0.609 -0.371 -0.257 -0.314 

�	���0  ���7�0 
*.900- -0.600 0.100 0.500 -0.600 0.000 -0.600 -0.600 0.000 *.900- 0.100 0.600 *.900- -0.600 -0.200 -0.100 0.800 *.900- -0.600 

�	���0  ���.7�� 
**1.000- **1.000- **1.000- **1.000 **1.000- **1.000- **1.000- **1.000- **1.000- **1.000- **1.000- **1.000 **1.000- -

**1.000 

**1.000 **1.000- **1.000 -
**1.000 

-
1.000** 

 ]7�9 �Y��! 0.000 0.000 0.200 0.800 -0.600 0.200 -0.600 -0.600 0.200 -0.800 0.000 0.400 -0.600 -0.800 -0.200 -0.105 0.400 -0.600 -0.600 

�	���0  ���T
 0.400 0.000 0.800 -0.800 0.000 -0.800 0.400 0.400 -0.800 0.400 0.400 -0.800 0.400 0.000 -0.400 -0.400 -0.400 0.400 0.000 

Al2O3 0.580 0.754 0.406 0.087 *.812 -0.232 -0.203 -0.203 -0.464 0.116 -0.551 *.899- 0.406 0.522 -0.638 -0.529 *.899- 0.638 .812* 

SiO2 0.143 0.486 **.943 0.314 0.429 0.200 -0.371 -0.371 -0.029 -0.257 -0.029 -0.543 -0.143 0.314 **.943- -0.116 -0.086 0.086 0.429 

P2O5 0.543 0.600 -0.371 -0.029 0.714 0.086 0.086 0.086 0.029 0.543 -0.543 -0.371 0.600 0.657 0.143 -0.029 -0.714 0.657 0.714 

MgO 0.667 0.667 -0.564 -0.564 0.821 0.051 0.667 0.667 0.051 0.667 -0.205 -0.462 0.821 0.667 0.410 0.132 -0.616 0.821 0.821 

K2O 0.725 *.899 0.406 -0.058 **.986 0.116 0.058 0.058 -0.058 0.464 -0.319 *.841- 0.638 *.812 -0.522 -0.074 -0.725 *.812 .986** 

CaO *.829- **1.000- -0.429 -0.143 **.943- -0.371 0.029 0.029 -0.143 -0.257 0.200 0.714 -0.543 -0.657 0.600 -0.058 0.600 -0.771 -.943** 

TiO2 0.638 *.812 0.580 0.116 *.812 -0.145 -0.203 -0.203 -0.406 0.029 -0.406 **.928- 0.377 0.464 -0.783 -0.471 *.812- 0.638 .812* 

Fe2O3 0.143 0.543 0.200 0.486 0.486 **.943 -0.257 -0.257 *.829 0.143 -0.086 0.086 -0.029 0.657 -0.257 0.638 0.200 0.086 0.486 

Mno 0.657 0.657 -0.086 -0.143 0.771 -0.257 0.086 0.086 -0.371 0.429 -0.543 -0.714 0.657 0.543 -0.143 -0.377 **.943- 0.771 0.771 
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 =�'S8. ��%  �K&� '/��� �� (��# �&'�  �& � G� GS�T �� ) !�� 7�M/���PAAS (  

 '/��� 

7��� \PH� -

 ����� 
Ag As Ca Cd Co Cs Cu Mo Nb Ni P Pb S Sb Sr Tl U V Zn 

TOC 

(%) 

 �K&� 

1 26.00 1.86 6.74 74.93 

�
��

�
 �

#'
 

18.19 1.58 64.47 4.03 2.24 1.43 1.03 3.36 5.30 1.40 2.02 17.19 3.64 3.81 10.67 

2 42.43 1.69 7.02 101.18 5.96 1.19 17.15 1.70 1.36 1.00 0.89 3.88 3.96 1.30 0.54 7.10 5.06 5.42 15.54 

3 60.65 1.64 6.48 198.16 18.66 1.66 110.07 5.06 3.95 1.12 0.96 7.64 10.22 1.51 3.10 13.36 8.98 12.03 17.14 

4 10.71 1.42 6.22 32.85 4.65 1.79 125.46 2.60 2.28 2.79 1.41 6.77 3.04 3.10 1.39 15.28 4.40 0.99 12.09 

5 40.04 1.65 6.47 119.17 1.17 1.62 93.58 0.69 3.13 0.92 0.40 6.98 8.02 1.45 0.54 2.24 7.37 8.52 14.96 

6 17.64 0.85 8.41 74.76 13.25 1.05 17.02 2.94 1.93 0.89 1.56 2.08 4.58 1.60 1.03 14.31 3.43 3.02 8.77 

 7�M/��� 32.91 1.52 6.89 100.17 10.31 1.48 71.29 2.84 2.48 1.36 1.04 5.12 5.85 1.73 1.43 11.58 5.48 5.63 13.20 

�& 

1 26.79 2.88 5.86 40.00 2.13 0.00 2.84 159.23 0.00 3.11 5.50 0.44 12.90 5.00 3.27 0.00 0.00 6.09 1.52 19.44 

2 45.86 2.77 5.70 123.77 1.19 28.42 2.15 158.63 7.03 4.83 2.52 1.20 8.78 8.13 2.51 6.91 12.54 10.14 7.87 23.06 

3 10.71 1.96 5.96 47.08 0.68 5.33 1.88 254.96 2.46 2.80 3.43 1.38 9.23 3.34 3.37 1.91 40.32 5.55 1.54 24.69 

4 21.43 1.19 6.43 33.47 0.49 7.10 1.76 147.93 3.70 2.11 2.60 0.70 7.99 4.32 2.85 1.75 31.77 4.48 1.10 15.09 

5 18.75 2.58 6.68 50.56 2.65 6.96 2.94 120.47 2.83 3.26 5.82 2.05 7.68 4.79 3.75 9.96 79.80 5.98 1.93 14.04 

6 19.33 2.23 6.04 39.90 1.29 6.22 2.26 147.46 1.59 2.76 4.00 4.56 7.40 4.00 3.87 4.67 51.63 5.45 6.88 17.67 

 7�M/��� 23.81 2.27 6.11 55.80 1.41 9.00 2.30 164.78 2.93 3.14 3.98 1.72 9.00 4.93 3.27 4.20 36.01 6.28 3.47 19.00 
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!*� 5 .��% V"��RTB� �� �K&� '/��� (��# �&'�  dK�e� ��+�7�������  ) �� �'� ��Z�:�PAAS (  

  

  
 !*�6. ��% V"��RT�� (��# �&'� �B� �� �& '/ dK�e� ��+� 7�������  ) �� �'� ��Z�:�PAAS (  

  

��M) �.T@ �p�! ����P  �"A� ��"�7�6 ��.	 =�� /� (

����  -�
    /�  ���4�  B��7�_�  .���%  *��
�  ��T4�

 -�
 ��� ���	
 ��T4� B�.T@ =�"�' }�p9    5��%)

2009&
/�"A0  �  2�.4K'  f  �2014  .(0  ]E��  ���\A

H�h� /� * -�
 ���0�  � �� 2�A' u_� /� �4��,
 �

�� ���/ �	
�'�	���0 ��� =�"�' *'�.T@ �"T	k�)  �

2003 .(  *��#	  ��/  ���  ���	
  B��7�_� *'�.T@  ��0

  �zL  /�  �7�  �
��  -S|�  ��W�'  �$	��%  �4�4/�  ���T4�

��  �.T@���%  &
/�"A0  �  -�4�%�
)  �1981  �  B��0  f

&
/�"A0  �2015  .(�  �4
 :  �%  j _A0:  �$�TS�|:  -S

�	���0    �%  *'�.T@TOC    �	��� /����    /
�6  ��4�'  �/��

������  l��L)  6(  .�p�!  -S|�  �$�TSA0  =�7�  *%  

�.T@  )P  (  �%�	� ��0  �/:  �  ��	���0   ��:*'�"� �  

��M  /�  � ���  �	���  /�  -�
  �"A�  �p�!  �4
  ����

l��L)  ���%  &
/
�	�L  �4�4�`%  �%  w�S'/
  7  .(  �%  ���\A0

�	�  ��L�  Brushite  �	�  �  ���  �	��� /�  Kintoreite 

 ��M  -�
  �"A�   � ���  �	���  /�  �.T@  �p�!  ����

�	� �4
 �% HS'�� �0���% )l��L��0 11   �12( .  

  �	�Brushite    �	�  >4b�T    *  -�
  B�.T@�/��0

 #	  j M
  /�:*��@  ��0:Y  *%  *'�.T:  -@�4  �/��R  B/�

�����  )2/��%  �1985f ��
�	�7  �2008�  f  �  �����

&
/�"A0  �2013( �  /� �	� �4
PH    ��	
�� j��' �
 ��4�R

��  =�"�'  2/  G�9  �  >0����  )�A4�  �  =%����
  �

1982  .(��  �	�  �4
  ���\A0  ��4�`%  �	
�'  DE%

 ���% &
/
�	�L -E� � �	
�E��
  ��
/�)  �1992B��7
 f  �

1994  �2002G����  f  �2003
�	
��7��  f  �2006  (  /�  *

=��0���.	 �  ��� �	���  =�T@ �4�4�`% �
 -�
 �"A�  �0

  .���%)  ���T	
���
  �p�!Sr ��$	��� �%  (  402   /�    �	���

� � ���672    *% -ST	 ��� �	��� /�NASC=142ppm   

�UCC= 350 ppm �PAAS=200ppm   ��M  ����

�� &��	 
/ �4I�%  �%  w�S'/
 /� �p�! �4
 .�0��	���0  

��  ���\A0  �  *'��%��'
  �	����   .���%  *��
�  ��T4�  

  /�  ���T	
���
  ��$	��� �� ��#  ��	�  ��.	(ppm)   76/0    �

  ��$	����  ���� =�� /� &(ppm)  190 �����%  ��x�)  �

2007  .(  �%  b�T	
���
 �p�! -S|� �$�TSA0 *% *L�'  �%

�	���0  *'��%�  b�T   ��T
  �  )CaO(   ��  �0  /�
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�	���0  ���% *'��%�  l��L)  ��06    �7(  .  �K @  �Y��!

=��� ^��,
 � &���
��T
 *% 2�T,V, Ni, Mo     �Cd  

 ��M  � ���  �  ���  �	���  ��  /� 	  
/  �4I�%  ����:  &��

��  �Y��! �% �7� ���� w�S'/
 �$	��% ��
 �4
 ��0�  2�T,

 ̂��,
 � &���
��T
 *%   -�
 ��! �4
 -S|� �$�TSA0Y  �

  �%TOC  �  �4
  ������4�':�
  j _:-  �) :  ="7    �

l��L��0  9    �10(.   �p�!  ;4��'  �  �4��A���X?  /��@/

�. �E�  =�
�!  H��'  ���	
/�
  �
��  j��'  * AL  �
  �

 ��M �% ���	
/�
 �p�! �	�4 5" xA P�	 � �	���  ����

�� ��W�' ���	
/�
 �
�� * -�
 ��
� &��	 B��7�_� .�/
z�  

�7�  #�  D`	AA�'  /�  ��	/
�  ���	
/�
  �p�!  ;  ���/)  �

1972�%  fG��/�  1973  �1974  .(  �q	  �
  ���	
/�
  ��J�0

  ��4
�@  H��'  ��
 ��/
�	 w�S'/
  �7� �
�� �%  �"��	?' l��S

 ��  �zL  �7�  �
��  H��'  �4  �  �	�4  *"�4
  �A+  ����

�%  H4
��  b�`�T�  ��W�'  �7�  �
��  ;A�'  /�  *  ��
�0

�M /� �A#� =��! �/
� �  .-�
 ���	
/�
 ����  H4
�� /�

�%&V�T
    ���	
/�
  *%  G�h��  ���@�~  D�  -7�,  �


  ���@�~  /�#JD�
��4zR  ��  =4�S'  &�  *���	  *  ���

��M��  B�%��/  /�  ���	
/�
  �������%  &��/�	
)�  

1989&
�� � K	/�% f�  1990  ��A7�R � ���E��  f1991  f

&
/�"A0  �  �"T	�/
�� �  1999  � ���
  f�  &
/�"A0 �  

2015&
/�"A0  �  &�7�0  f�  2015  .( ��M  �p�!  ����

  *%  -ST	  ���	
/�
)PAAS(   � ���  �	��� ��.	  =��  /�

11  ��  /�  �:	  =:�.:  ���  �	���  �36  �: ���%:  *  �

��M	  
/  �4I�%  ����:��  &���0�    l��L)10  .(  /�

=��  ���	
/�
  �p�!  � ���  �  ���  �	���  ��.	  ��0

  �%  �.��  �$�TSA0TOC  ��T
  �%  �7�  �/
�  b�T 

)CaO  (	  -S|�  �$�TSA0���  &�����  *  �0�    �4


��  
/  �p�!
  &
�''.-@��  �q	  /�  >�	?�    -�
  �"A�

 ��M =�7� �% ��k! ��� �	��� /� �p�! �4
 ����% ����

  D`	  �4��,
  �/
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 =�'S11. �E�� ��% �-���8" �� (��# �&'�g��) �-, �"�� �" ��% ��+ 
 7�K*��@1993 V"��RT �� (  

  �� �'� ��% (��#

�K&� � �& '/��� 

 �E��   �/����+ �K&� '/���  �/����+  �& '/��� 

P 
Phosphates Brushite Kintoreite, Erythrite, 

Beudantite  

Sr 
Carbonates, phosphates, organic 

association 

  

Nb Oxides   

Zn Sphalerite   

Tl Unclear   

Ni 
Unclear, perhaps sulfides, 

organics, or clay 

Kamacite, Roaldite  

V 
Clays, perhaps some organic 
association 

Melanovanadite subcell Ferrian coulsonite 

Ca 

Calcite, organic association, 

sulfates, phosphates, silicates 

Perovskite, Brushite, 

Melanovanadite subcell, 
uetschliite, Calcite Montmorillonite 

Schorlomite, Calcite, 

Dolomite 

Hg Solid solution in pyrite   

As Solid solution in pyrite Beudantite, Erythrite, Enargite Beudantite, Erythrite 

U Organic association, zircon   

Cs Clays, feldspar, mica   

Ag Perhaps silver sulfides   

Sb 
Accessory sulfide, some organic 

association 

Nadorite Cesstibtantite, Potosiite 

Bi Accessory sulfide   

Cd Sphalerite   

Mo 
Unclear; perhaps with sulfides or 
organics 

  

Pb 
Galena, PbSe Beaverite, Beudantite, Nadorite Beudantite, Kintoreite, 

Potosiite 
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=�'S 12. ��% 
�M��2�+�:T � �&'� T�" � (��# �&'�2�, h� �� �+�/����+  �K&� � �& '/��� ��./ !�� 

 '/���  � GS�T �� (��# �&'� �:T � ��% GPAAS  (��# �M��2�+ �� TOC   �/�� �" ���.��" �� !�� !1"� �+XRD 

   �'� �:T (��#   �'� ��% (��#  ?2i�   �.��   �/�� f�/   =��@  

�K&�  Al, Ba, Co, Cr, Cu, 
Fe, K, Li, Mg, Mn, 

Th, Zr  

P>Sr>Nb>Zn  
>Tl>Ni>V>  

Ca>Hg>As  

>S>U>Cs>  
Ag>Sb>Bi>Cd  

>Mo>Pb   

  

Zn>Bi>Tl>S
>V>Tm>Mo

> Sr> P> Pb 
>Ni>Cd 

As, Ca, Cs, 
Sb, Sr, U  

 Beudantite  (PbFe3[(OH)6|SO4|AsO4]) 

Erythrite (Co3(AsO4)2•8(H2O)) 

Enargite (Cu3AsS4) 

 Perovskite (CaTiO3) 

Brushite (Ca (HPO4) •2(H2O)) 

Melanovanadite  (CaV5+2V5+2O10•5(H2O)) 

Buetschliite (K2Ca (CO3)2) 

Calcite (CaCo3) 

Montmorillonite 

(Na,Ca)0.33(Al,Mg)2Si4O10(OH)

2·nH2O 

 Kamacite  (α- (Fe, Ni) 

Roaldite ((Fe, Ni)4N 

 Brushite Ca (HPO4)•2(H2O) 

Beaverite),  (PbCuFe3+1.5Al0.5(SO4)2(OH)6 

Beudantite (PbFe3[(OH)6|SO4|AsO4]), 

Nadorite (PbSbO2Cl) 

Nadorite PbSbO2Cl) 

Melanovanadite (CaV5+2V5+2O10•5(H2O)) 

�&  Al, Ba, Ce, Co, Cr, 

Fe, K, Li, Mg, Mn, 
Th, Zr 

Tl> Zn> P> Nb 
>Sr>Ni>Ca> 

V>U>Cs>Hg 

>Ag>S>As>Sb 
>Bi>Cd 
>Mo>Pb   

  

Ni>V>Sb>  
Nb>Ce>  
Cd>Zn>S> 

Pb>As>U  

Ag, Ca, Tl, 

Zn  

Beudantite   (PbFe3[(OH)6|SO4|AsO4]) 

Erythrite (Co3(AsO4)2•8(H2O)) 

Schorlomite 
Ca3Ti1.7Fe3+0.2Al0.13(Si0.7)3(F
e3+0.2)3(Fe2+0.1)3(O4) 

Calcite, 

magnesian            
           

(Mg0.1 Ca0.9 C O3) 

Calcite (Ca (C O3)), 

Perovskite (CaTiO3), 

Beudantite   (PbFe3[(OH)6|SO4|AsO4]), 

Erythrite (Co3(AsO4)2•8(H2O)), 

Kintoreite (PbFe3+3(PO4)2(OH)4.5(H2O)1.5 

Beudantite  (PbFe3[(OH)6|SO4|AsO4]), 

Kintoreite PbFe3+3(PO4)2(OH)4.5(H2O)1.5 

Potosiite (Pb6Sn2Fe2+Sb2S14) 

Cesstibtantite   (Cs,Na)SbTa4O12), 

Potosiite (Pb6Sn2Fe2+Sb2S14), 

Ferrian coulsonite  (Fe V Fe Ti Cr O)  
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