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BS�? Cu �Ag �Hg �As �
���� �S�? Zn �Co �Ni �%�Q B�bM
���; �� �3=�%& �*� �,&)@�'] 1.(� a
�B�M !"�# �"A"b&
�

�3)�� �? �M�6& �=�$ <� ��"=F P�b$ �b
S c,b� <� B�M
��*� .0,
 ��\9Fe2+CG Ub$,9 !b9 �� +�b  '%V �
���� �? -

�
# B�M C,$� �%"�#B�M B��b. P�$ �
S �b$* ��b��G �b�-
�*,9%O%���; @�"$ '�,���? #�$ b&�? B*%']5��:v�:�.[�b
S -

��*'/�� !3&*� �? P�$ B�M !"��b9 �9��b6. �b? � �3"9�AM B�M
 0,
Fe2+ ��'%�*,9 <b� @�\�* 0�(�* ^
*8	* �� B��,� ^��

 '%&�? �3&*� .�
S �� �-3�� W*8-	 ��\9P�$ B�M �b? �3�?*� 
@,-\� �A"& �""n9 �a
,b? �M B'"b$* �b]�� (pH)�L"�b��3Q 

^
��;*�^M�; (Eh) �$* ]5��:�[.!"�# ��� #* ��
�"A"b&
 S�b? B�bM��� �� �b��6; � !"
�bQ B�bM��� �� ���� � <� ����

 @�"$ 0����M0�(�* �$* �
�Q]5�.[�3�b?*� B�� ��%. @�\�* 
�?pH�(�G @�N ��$* Eh �� ^�� ��*� ��b�� @�b\�* �� �bA
]:�[�� �pH�bb?*�? #* �bb3A; �bb
 ��L(bb& �bb? B�� ZnSO4

�$* @,-\� .�
���� �!
*�?�%? �b? �6�b� BS�b? Cu �Ag �Hg �
As �
���� �BS�? Zn �Co �Ni)@�']5(�� 0�)� �b; 'M�

@�"$�M��;* ��"�? �)
 �S�? �9 !"
�Q B��� � '
�-; #* �%D ��b?
@�A3N* ��"�? ������; @� ��,b? �=�$ <� ��"=F �� �
*# 'b�* .

���; �b a
� �? �?,$� <� �3)�� �� �
*# � W*8b-	 Ib6%� B�bM
 ��*� �/3�b? I6%� !
* W*8-	 �6�� ��\9]:�[.�b? �b],9 �b?

 ����h �6�� �?��"�? C,$� B�M <b� ��b"=F �� P�$ �
S 

@�bA3N* �? ��=�$ ��"�b? O%b$ �b&�$ �b? ���)bq)9G B�bM
 ? �3"�,&,& !b
* 0��� �'b& rb
�89 B�"	��R�S T
*� �*�AM �

�
S P�$ B�M*@,b-\� �
�"A"b& �b";�9 �� �
*8$ �? �� B�bM
���; #�$�3&*�'�*.

�	�� �,�
  ���� :��*� �4�%. B�M ���b� �;�= (REE) �b$��-
O%$ <� P�$ B�M �
�'b%; �";�9 �? �6�� �=�$ �*�]j�[

���A& B�(
��G L"& �(NASC) ]j�[�E%�? �'& �'�*)L(b&
�.(�6�� ��M,/�* !
* e�$* �? BS�b? B�M ���b� �;�b= �b4�%. 

!"/%$ �? T6$ (LREE/HREE) �b6�� B��E%M�� �Eu �� 
��,A� Ub$,9 ��Rb$'-	 ���b$� � �'%M� 0�)� �=�$ <� B�M
@�"$B�M �b;�N @�bN �� �b$* ]j1[.�
��b�� 0�,b? !"
�bQ

HREE �b? �6�b� �MNASC #�	 �b�N�� Lb?�H �,YbN B�bM
 �
���� �? �
�"��;REE �b�,A� �� 89�*,b; �b"�� K; ��,b� B�bM

�$��? �� 0�)� *� 'M�]j5) [L(b&�C(.B��bE%M�� �*'b=�
 �q%�Ce I
#,9 B,/�* �� REE �b? �'b& ��E%�? B�MNASC 
�-"�� @,-\� �'�#�* ^�� �? ��;* B�M �)b
 �� 'b
�-; #* �b%D 

9L"() O%���; �=�$ <� B�M�$* .]:5[.0�8b	* �!b
* �b? 
��,A� 0,A%=� #* �; �=�$ ��>%� B�M �b&*��? �\>b$ B�bM
�'& '�*i,�3$� ���$� � '%
G�	 �*8���? @�"$ �"M�� �? B�bM

 �'& �)
��;*'�* ]j:[.C,$�B�M �&�� �A�H #* � B�M �b��� 
C,$� � 0,9*�;B�M #* W'b& �b? ��,b9*�; �bh,N �'& �)�� 

�bb��LREE � �'bb& �bb%D �bbM ���bb� �;�bb= �bb4�%. Ubb$,3� 
)MREE�M(�!"/%$ )HREE�M(�"& �?'b��*� �A; �6��

 �; �?@�A3N*��"�? �� 0�)� *� �"N�� !
�FG I6%� '%M� ]jj[.

���M(�
8E9 s
�3�XRF�$�� ��,A� ���V �� <� �/%$�=�$ �� �*� .bdl=B#�$��(&G 'N �
# .
B#�$��(&G'N SKH_1 SKH_2 SKH_3 SKH_4 

SiO2 (wt%) ��/� �:/:j  �5/::  �v/:v  j1/:�  

Al2O3 ��/� jv/�:  55/�1  v�/�:  ��/�5  

Fe2O3 ��/� :�/� 1�/j �:/� �1/�
CaO ��/� �5/� :j/�1  :�/� ��/:
Na2O ��/� 5�/5 1�/: �j/1 :1/5

K2O ��/� vv/5 bdl :�/1 15/1
MgO ��/� 1�/� ��/5 5�/� �5/��  

TiO2 ��/� 1:/� �5/� 5�/� ��/�
MnO ��/� bdl bdl bdl bdl 

P2O5 ��/� ��/� ::/� v1/� �:/�
�*�	 �*,�(L.O.I) � :5/� jv/� �5/� ��/j

c,AE� � ��/��  jv/�1  ��/���  ��/��  
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0�='
�	 �B� �; �B��"-. ��%
'?�. �0�?,V�*#G � �$�%&�,-? �-E� 0*�
* �$�%& ���; �v�

 ���M-�m8] �4�%. �
8E9 s
�3� �i�� �? ���� �;�= �4�%.ICP-MS i�� �? �'& Z�)� �/
� �m8] ��%. s%Q �
8E9 �AA]�) .[n.d. 
=)� !""29 � �'*=i�� �? �; B�4�%.AA�#*'�* �'& B�" '�*.(

B#�$��(&G'N SKH_1 SKH_2 SKH_3 SKH_4 SKH_5 SKH_6 SKH_7 SKH_8 SKH_9 SKH_10 
Ag (ppm) �/� 5/� v/�� j/� �/� n.d. n.d. n.d. 1/� n.d. �/�
As �/� �/�j �/1� �/�1 1/�� 5/� �/1 �/1 5/: v �/��
Co � :/1j �/�: j/1� �/1� j/1v �/15 �/5� �/1� 1/�1 j/5�
Cu � j�: 1j55� ��� �5� 15 1�: 5� :� j� :�
Mn j jv� �j� j�� j:: ��� �:� ���� ��jj ��j: ��:
Mo �/� �/� �/� 5/� 1/� 5/� n.d. n.d. 1/� n.d. n.d. 

Ni � �:� ��� �1� �1: 1�� 155 5�� 5:� 5�� 5v1
Pb � � � : � � � j v �� 1�
U �/� v/� �/1 1/� �/� �/� j/� � 1/� �1/� 1/�
Zn � �5 �� �� j� �� �5 �j v1 �� v�
La (ppm) � 1j 1� 11 1� �j �� �� 1� �� ��
Ce j/� :� :� :� :v 1: 1v 5� 5v 5� 5�
Pr �j/� �/� �/� �/v 5/� �v/5 5v/5 �5/5 jj/: �v/5 ��/5
Nd j/� 1/1� j/1� �/1: �/1: 5/�� �5 �/�: �/�� �/�: 5/�:
Sm �1/� 5v/: j�/5 �5/: ��/: :�/1 �:/1 ��/1 j:/5 ��/5 ��/5
Eu �/.� 1�/� ��/� ��/� 1j/� v5/� v/� v/� �1/� v�/� ��/�
Gd �j/� j�/5 �/1 5/5 :5/5 �:/1 5v/1 v1/1 �:/5 �:/1 �:/1
Tb �/� j/� :�/� :v/� :�/� 5�/� :5/� :�/� j/� ::/� :�/�
Dy �1/� 5v/5 �v/5 ��/5 15/5 �:/1 51/1 1v/1 ��/1 15/1 j1/1
Y j/� j/�� �� 5/� �/�� 1/�� :/�1 �/�� j/�: v/�� �/�1
Ho 1/� :�/1 51/1 5/1 5v/1 ��/� ��/� ��/� �v/1 �1/� �j/1
Er �j/� jj/� :�/� ::/� j�/� 5�/� j/� :�/� ��/� :�/� j�/�
Tm �/� 5�/� 5/� 1�/� 5�/� ��/� 1�/� 1�/� 1:/� 1�/� 15/�
Yb �j/� �/� �/� �/� � 5/� j/� 5/� �/� 5/� �/�
Lu �/� �/� �v/� ��/� ��/� �v/� ��/� ��/� 1/� ��/� ��/�
Eu/Eu* � ��/� �j/� ��/� ��/� ��/� v1/� vj/� v�/� �:/� �j/�
Ce/Ce* � v�/� �:/� �v/� v�/� ��/� �1/� �:/� �v/� ��/� �:/�
LREE/HREE - ��/: 15/: �v/j ��/: �v/1 v5/1 ��/5 ��/5 5�/5 �j/1
∑REE - �5/�5� �/��5 1�/�1� �5/�55 �5/v� �:/�j 1�/�: ��/��� �1/�: �5/�5

DL R-1 R-2 R-3 R-4 R-5 R-6 R-7 R-8 R-9 R-10 

Au* (ppb) j n.d. � ��: �� �5 �v �1 �1 n.d. �j��
Hg* (ppm) �/� n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. �j�� n.d. 

Cu* (ppm) � 1� �1� ��5�� ����� ��v�� 151vv j��� jj� 1j��� n.d. 

Zn* (ppm) � �5 5� �j� :j� :�� �jj �1 v� n.d. n.d. 
Ag* (ppm) �/� n.d. n.d. :: 5v 1� �j/1� 1v/j j�/j n.d. n.d. 

�2� N'%; �? �'& ��E%�? ���� �;�= �4�%. I
#,9 B,/�* �
�]j�) [��* (���A& B�(
��G L"& �";�9 �(NASC)]j�) [C(�b�,A� �� B�bM
�$��<� �/%$�=�$ �*�.
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*#�?,$� <� �*'=� �A"&. . .�v�

O����� 
K�� s
�3� !
�9 �'�G �$� �? $��? #* ���; �!"b�# � �b$�%&-

�$�� �A"&O%$<� B�M#* '%9��6. �=�$ ��>%� �*�:
�(���; �
S �� �=�$ <� �
*# �b$�� P�$ B�M '�#�b$ �/%b$

 P�bbbb$���bbbbH,	 �bbbb$* ��*� P� !bbbb$,"� !bbbb$ �bbbb? .
O%$ L"()b9 rbA. Kb; � �b?G�
# U"b\� T
 �� 0�?8"� B�M
�'&'�* .B�M,/�*REE�M �� 0�)� �$�� �; 'M�O%$ <� B�M

 �=�$ �*� #* �'�G�? O%$ ^
�$�	 �3b$,Q ��b-	 B�bM �
S�b? 
���H '%3�M B* .�q%� B��E%M�� �!
* �? 0�8	*Ce �/��b"? ^b�� 
K�� ,-\� @��;* B�M�)
 b9 �� '
�-; #* �%D L"() O%�b��; -

��,� �?,$� <� B�M�$��? �$* .
1(�%�Q ���; B�M �b�G �*,� �? �(
�8� [�69�* B*�*� �*�)b2>H�-

B�M C,V L"�	 (�
S �� '%3�M *�*�9 B�M .�b
*�*�9 � Lb�-�9
 @�"$ 0�
�] �-4* L��.�M���; I
#,9 ��
*# �b$* �-3�� B�M .

�7
*8������"��* �B�M'"q�,$ Cu-Fe �Cu 0,V � �b"��,? 
�'& �
�"Q !")��] �"$,(��; 'b�* .�b��; !b
* �b7 �M'b2? �bM

 B�M'%
*�	*8���?�
� Z��b= <b� ��b
�Q,; ��b"��,; Ub$,9 
�'& !")��] �";S��'�* .

5(���; �,]� �qN � �"��,? ��
�"Q,(��; B�M C,b= � 'b&
 ���G �*,� �	�? �b�*�*�	 � �"b$,(��; ��� ,b  #* �b%D �b"��,?

 Ub$,9 �=�b$ <b� L"()b9 �/��)b� �,b"] � ���� ��
# �*'��
@,-\� � �?�b��  B�bM �*8b���� @,b-\� � �b"��* �b�� Kb; B�bM
'%3�M.�	�? �,]� �b? �b-"�� 0�)	* � �%")��] B�M ��/3b$�= 
�*#�� B)�?��� (�B�*8���� �=�$ <� �*'=� '%3�M .

:�. 0�"� �� �/3�6AM �
�h !
�3)"? '& �%D �4�% �)Ag �
Mo �As (  �; ��*� �,]� �? ��* !
*@�A3N* ��"�b? ��/3b$�= 
!"�# �� 0�)� *� �4�%. !
* ��3)� �
�"A"& 'bM� .!
�3)b"?

 �4�%. �? <� �/3�6AM �
�h �
���� 0,bV �3b$�� �� ,b  
Ag �$* �; ��* !
* ���; �� ���� �&�6�* �? �-"�� #* <b� B�M

�$* �"$,(��; �-A] .

����P��
0� '%M�aQ�
�AN #* ����� !
* �)M�aQ ����2� ���� B�M

��,? �*�,=�? �"���* ��/)�*� �'�* !
* �? �; e�R$ �
��� �-"$�
�� #* *� �,= ��!"��0G�� +�.* '��*� .#* !"%XAM 0� '���/�

 B�*8/$�R$ �-E� +�3\� 0*��*� �'�#�$ W*���%)"Q � W*���
��'%
�A� .
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