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�!$ M��NC0 9Q�< �[�� 

 ���4� 

��  � ��
�#

Cn 9Q�< ��k�[ 

 ��kE �k��"��� �#  ���� �kO@� 
�� �� �	
�!$
�# H��� .���#����
�� �"�
  2��# /,� 2�3
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�4� �# 5�� �	
�!$ )�� ��4W- � �#���
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 5�� 

 �[�� �3 9Q�< M��N S��� �# H��� ���

�� �I��C� �# 5�� 

 �[�� �3 9Q�< /�%0- �# � 
��
) O@�� ���4� 

  $ 9Q�<CF�� 9��# (��$.  H���

���4U� 2��# �	
�!$
�# 
�F �# ����R$ �F��� �� 2� )
 �I��C� �Q� 

�� �F��� ���4- 9Q�< ����3 ��"����

�� �  �%����- 

������� ��
�0� �# �@�- �# .
��
� �
��43 1980  9Q�< �> �-
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 ��� ���# X�
*�  
��0� �# 9Q�<  
�# X�
*� ���3

 �> ��!�G 

 � �����P.L.I  �	
�!$ ���# X� �� �-R�#

��  ��� �
 5��  �
��43 � �������) �3
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 �?#�
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�!$
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��43 � �4C�) �
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�� � �5�� 2�
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��kN yI��Ck M��
��<) ��� 
�U�,# �	��EF (9Q�< 2��# �� �-R�# 2�3

 �I��C� 2����
 

 .9�� �F��� y���� �GEF �� 9%��#
������ �[�� 
��0� O@�� �[�� �# �@�- �# �
 ��� 2��	
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�� �[�� �� �5�� 

 �F���
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 �# /�������

���4� 

 )����m-  � ����> 
�U�,# �[��  ���� �# �3
/3 O@�� �# ���,@ E�� S����# 9Q�< ��"���� ���g

 �I��C� 2��# .9�� ���
�	 �
�L��� O@�� J�C�  ����
��< M��N �?#�
 �� 5�� �F��� �	��%& =

	
('()*+,)/	-,.('()*+,)
�
(/(012-34
2)/�-,.(/(012-34
2)  9�� ���
�	 �
�L���

� �
��43 � �4C�)2010 �?#�
 ��� 

 .( Cn(sample)  9Q�<
 � �:!�?� 

�� 5�� ���4� 

 �[��)Cref (sample  9Q�<

 .9�� 5�� ���4� 

 O@�� �[�� Bn(background)� )Bref 

(background  9Q�< M�-�- �# *�� � O@�� ���4� 

 �[��
��  ��� �
 O@�� �[�� 9Q�< .�3
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4 -0�(���/  

4 -1 - R�� ������& ������.��
� ��/  

9��������� �� 

 M�<� ��
�# 

�� \.��� 

 �3 2�3
�"�%�� � ���#��3��� E#�c �3 2�3�� 2�4� 

 .���

Y�� ����3 9�
�"���$ � E�-�*��>)2�3 ��
k�2� � 
�
�- �# (2���	
��	�# 9!�G )�:?c ����� �c�# Y��2�3 

X�+�����!�� (���;
�#�
�3) �> ����4!�� �
 

 �#��+�	 � 
)�:?c �
 
�
 �
�.��� ���4� ���# 

 ���;
�#�
�3 2�3

 �� ����������� ���
2�3 ����!�  �> 9�� 2�G �#
����!� ���4-�# �3 9�

�*�! �# 9��� �	�# ��*"��@ 2�

����# .���9+��� 9��� 2�31��I� �2�2X������# �3  �
E���>4 /,� ����4� � ���-9+�# ���- 9��������� 2�3

Y�� 

 
�@���
��C� X�+�����!�� 2�3 

�� 2�3
�� 
�4� �# ��
�# .���$ ���> ����4�� ��*U- n����

 2�3
�
�4� 

 ���> ��� ��*U- n���� j�. � ��������
�> 9��  $ �"���# p��W� �"43 ��������2�3 
�@�� 



 �0?�� V*@ �������� ���	2�3 ��0+ �� /�����!$ 
��c 
������	 )Al2O3 ��4> �� 5/1%/3 .( �� �>�G n���� ���g

���> �> ���$9��������� �"43 �������� 2�3 2�3
 ��� �> 9��  $ �"���# Z�N�� ��� �> �
�# �+
���
�%�

���> �����%� ���*"��@ �� �3 � �%>�����-
� �����!�
�������� �# �%>��������>���$ 
�@�# �3.���  

  

4 -2 - !�" ������&������.��
� ��/  

 �F��� ��0?�� 5�� 

 �F��� 9Q�< )����m- �# �@�- �#
X���
$ )As*�"�� �( )Mn9!�I> �( )Co���> �( )Cr �(

E��� )Ni2�
 �( )ZnB�� �( )Pbv� �( )Cu �(
/�%������ )Sr/������� � ( )Sc B�W��� �#���
� 9,@ (

'��@ 

 .����
�	 1  *�!��$ �� EF�G n����ICP-MS 
 �� ��F�G20  

�� �c
� �� ��� 9��
�# 5�� ���4�

 ��# ��+�	 )
�F �%��0� �# .9�� ���
�	 �P�
� ��
�#
9Q�< ��"���� '��@ 

 �F��� �� ���$ 9�
 �# 2�32 

��m- ���
 
�4� ��3���  ��- 

 ��"�� )�*�+ )����
5��  )
�F �# ��
�# 

�� ����������� 2�3

Mn>Ni>Cr>Sr>Zn>Co>Cu>Pb>Sc>As �� .���#
 
�# ���	 *�� E> Y�� *�!��$ �� ��� �P�
� n���� �> ���"�$

                                                
1  Hourglass  texture 
2  Mesh  texture 
3  Bastitic texture 
4 Kernel texture  

=�# �# ���> � E��� �*�"�� ��F��� �"�
 �# ~A��� ���-
 � 9Q�< ���-R�#$����� /������� � X���
 ���- 9Q�<

���4� 

 �
 �� �
�
 *�!��$ 

�� 5�� 2�3 .����#  
n���� EF�G �� �I��C� H��� ����9��I��  2��#
���4� 2�3 EC� �� ��� 9��
�# 5�� � 2�3k p��W
���4�����3 �
��C� 2
�
�# - '��@ 

 ��CF 3  �P�
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 �# �F���  �� HW�� 
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 ��"���
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�
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�!$ )�� �# �

 �
 

 E��� 
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�!$
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� ��
�#
 

 2�
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�
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�# 
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M���� �
��C� 
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��C� 
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) M������<PLI1 �# E��� � ���> �F��� b��
�
 
��c (

 ��R�# ���� �	
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 �# 9I%� �
 ��
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��>�+ S��� �#��!�-�� J��- ��� �P�
� �	�� 
)2000(  �Q� \I. � 9�� *��4- E#�c �	
�!$ �?� n��

 �
��43 � ������3 )2003 (��< E��� 
��0���# �	�� 
5/0  �-2 ���� �6�  ���� �# �� =�# ��
�0� � 
��2  �#

�� �0�-  �:�I. �� 
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IA� 2.  0� 9T�. �U
( � �'4& 
4��U �"
� %&
��F7Mg# 9�7�@�
� ��0H*�-� ���� ��/  

) :���V�"& ��/C&�Mg# [Mg# = molar Mg/(Mg+Fe)×100] 
(Sah:  
0�34 Har  
#��
/ :Hz
9�C������/ : Wh
9�*�� :Lz9�*��
* :. 

  

W�@G 1 . ��*�.+ X���.ICP-MS 0.��.!�" ��/  #��
/ 0,-�� ������.��
�- 0�34  Y�Z 
�)ppm (  
As Co Cr Cu Mn Ni Pb Sc Sr Zn Locality 

 
Sample 

10/0 60/83 1372 11 797 1624 6 10/6 190 48 47º 44' 52"E 34º 14' 08"N S1 

70/3 50/25 98 30/27 568 287 10/7 80/5 128 50/44 47º 45' 16"E 34º 14' 21"N S2 

30/2 10/56 1134 17 712 1084 6 50/8 30/153 52 47º 45' 20"E 34º 14' 45 "N S3 

60/3 50/55 1236 28 662 980 6 70/10 70/161 59 47º 45' 19"E 34º 14' 43"N S4 

70/1 20/35 140 20/59 808 238 63/3 10/15 165 90/66 47º 45' 17"E 34º 14' 28"N S5 

30/2 40 485 25 695 544 7 60/11 128 64 47º 44' 27"E 34º 13' 38"N S6 

50/7 90/20 121 20/39 784 2066 90/14 80/9 90/73 70/82 47º 41' 49"E 34º 14' 41"N S7 

90/ 57 927 34 858 827 3 20/12 30/164 59 47º 41' 47"E 34º 14' 40"N S8 

10/7 20/42 507 57 1027 271 6 19 70/146 97 47º 41' 47"E 34º 14' 39"N S9 

6 10/20 198 33 706 149 16 30/12 70/157 74 47º 41' 43"E 34º 14' 39"N S10 

40/5 20/23 272 40 856 200 11 50/12 128 81 47º 41' 42"E 34º 14' 40"N S11 

3 73 446 20/31 1180 1100 20/10 50/9 90/36 60/78 47º 41' 32"E 34º 14' 39"N S12 

7 40/44 672 31 813 646 14 20/14 20/115 74 47º 41' 30"E 34º 14' 35"N S13 

20/6 45 316 70/27 791 817 10 30/10 20/94 40/61 47º 41' 32"E 34º 14' 29"N S14 

10/3 30/90 1375 22 960 1652 8 60/12 60/40 70 47º 41' 39"E 34º 14' 40"N S15 

60/4 50/31 335 46 968 240 38/8 16 80/159 90 47º 41' 39"E 34º 14' 44"N S16 

60/3 10/31 312 60 922 215 38/8 70/15 40/177 87 47º 41' 41"E 34º 14' 45"N S17 

70/1 50/67 1114 21 876 1366 10 60/12 30/50 71 47º 41' 19"E 34º 15' 10"N S18 

30/2 80/58 1190 24 761 1193 4 50/11 30/103 64 47º 41' 17"E 34º 15' 11"N S19 

40/5 40/40 815 35 952 533 8 10/14 60/185 78 47º 41' 12"E 34º 15' 13"N S20 

  

W�@G 2 .!�" �� !�" �� %&�'( 9K'[ ��&@.���& 0���,�  0,-�� ������.��
� ��/#��
/ -  Y�Z
�) 0�34ppm(  

  As Co  Cr  Cu  Mn  Ni  Pb  Sc  Sr  Zn  
 E�� J����13  19  90  45  850  68  20  13  300  95  

USEPA  20  50  54  20  850  60  300  *  *  200  
�0?�� 5��  87/3  05/47  25/653  43/33  80/834  60/708  39/14  12  23/345  1/70  

    

98 

 



���������  
��
���� ����8 ����� 
16  ������ � ����� 
1399    

 

 

 W�@G3. #��� \"�� 0T��3� X���.9��T.& )Igeo #��� \"�� #�$.��� � (!�" 9��T.& #��
/ 0,-�� ������.��
� ��/- 0�34  

  
 W�@G4Y�
] 0T��3� X���. .+)��*� Cf Y�
] #�$.��� �+)��*� !�" #��
/ 0,-�� ������.��
� ��/- 0�34  

As Co Cr  Cu  Mn Ni Pb Sc Sr  Zn  Sample 

007/0  40/4  24/15  24/0  94/0  88/23  30/0  47/0  63/0  50/0  S1 

28/0  34/1  08/1  61/0  69/0  22/4  35/0  44/0  16/1  47/0  S2 

18/0  95/2  60/12  38/0  84/0  94/15  30/0  65/0  51/0  55/0  S3 

28/0  92/2  73/13  62/0  78/0  41/14  30/0  82/0  53/0  62/0  S4 

13/0  85/1  55/1  31/1  95/0  50/3  18/0  16/1  55/0  70/0  S5 

18/0  11/2  38/5  55/0  82/0  8  35/0  89/0  44/9  67/0  S6 

57/0  10/1  77/1  87/0  92/0  02/3  74/0  75/0  25/0  87/0  S7 

06/0  01/3  30/10  75/0  01/1  16/12  15/0  94/0  55/0  62/0  S8 

55/0  22/2  63/5  27/1  21/1  98/3  30/0  46/1  49/0  02/1  S9 

46/0  06/1  20/2  73/0  83/0  19/2  80/0  95/0  52/0  78/0  S10 

41/0  22/1  02/3  89/0  01/1  94/2  55/0  96/0  15/5  85/0  S11 

23/0  84/3  95/4  69/0  39/1  17/16  51/0  73/0  12/0  83/0  S12 

54/0  34/2  46/7  68/0  96/0  50/9  70/0  09/1  38/0  78/0  S13 

48/0  37/2  51/3  61/0  93/0  01/12  50/0  79/0  31/0  65/0  S14 

24/0  75/4  27/15  49/0  13/1  29/24  40/0  97/0  13/0  73/0  S15 

35/0  66/1  72/3  02/1  14/1  53/3  30/4  23/1  53/0  95/0  S16 

28/0  64/1  46/3  33/1  08/1  16/3  55/2  20/1  59/0  91/0  S17 

13/0  55/3  37/12  46/0  03/1  08/20  50/0  97/0  14/0  75/0  S18 

18/0  08/3  22/13  53/0  89/0  54/17  20/0  88/0  34/0  67/0  S19 

41/0  13/2  05/9  78/0  12/1  83/7  40/0  08/1  62/0  82/0  S20 

29/0 47/2  27/7 74/0 98/0  41/10  71/0 92/0 14/1  73/0  Cf shale 

  

    

As Co Cr  Cu  Mn  Ni Pb Sc Sr Zn  Sample 

61/7-  55/1  35/3  61/2-  67/0-  99/3  32/2-  67/1-  24/1-  57/1-  S1 

40/2-  14/0-  46/0-  30/1-  16/1-  49/1  08/2-  75/1-  37/0-  68/1-  S2 

08/3-  98/0  07/3  99/1-  14/0-  41/3  32/2-  19/1-  55/1-  45/1-  S3 

44/2-  96/0  19/3  23/1-  94/0-  26/3  32/2-  86/0-  48/1-  27/1-  S4 

52/3-  30/0  05/0  18/0-  65/0-  22/1  05/3-  36/0-  45/1-  09/1-  S5 

08/3-  49/0  85/1  43/1-  87/0-  41/2  10/2-  74/0-  65/2  15/1-  S6 

38/1-  45/0-  15/0-  78/0-  70/0-  01/1  01/1-  99/0-  61/2-  78/0-  S7 

44/4-  1  77/2  99/0-  57/0-  01/3  32/3-  67/0-  45/1-  27/1-  S8 

46/1-  57/0  90/1  24/0-  31/0-  40/1  32/2-  03/0-  62/1-  55/0-  S9 

70/1-  50/0-  55/0  03/1-  85/0-  54/0  91/0-  66/0-  51/1-  94/0-  S10 

85/1-  30/0-  01/1  75/0-  57/0-  97/0  45/1-  64/0-  78/1  81/0-  S11 

70/2-  35/1  72/1  11/1-  11/0-  43/3  56/1-  03/1-  60/3-  85/0-  S12 

48/1-  64/0  31/2  12/1-  65/0-  66/2  10/1-  45/0-  96/1-  94/0-  S13 

65/1-  66/0  22/1  28/1-  68/0-  3  58/1-  92/0-  26/2-  21/1-  S14 

65/2-  66/1  35/3  61/1-  40/0-  01/4  91/1-  63/0-  47/3-  02/1-  S15 

08/2-  14/0  31/1  55/0-  39/0-  23/1  52/1  28/0-  49/1-  66/0-  S16 

44/2-  12/0  20/1  16/0-  46/0-  07/1  76/0  31/0-  34/1-  71/0-  S17 

50/3-  24/1  04/3  68/1-  54/0-  74/3  58/1-  63/0-  16/3-  1-  S18 

08/3-  03/1  14/3  49/1-  74/0-  55/3  91/2-  76/0-  12/2-  15/1-  S19 

85/1-  50/0  59/2  94/0-  42/0-  38/2  91/1-  46/0-  28/1-  86/0-  S20 

33/2-  72/0  27/2  01/1-  61/0-  80/2  06/1-  70/0-  20/0  02/1-  Igeo shale 
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 W�@G5. ) �)��*+ ��� \"�� X���.PLI!�" ( #��
/ 0,-�� ������.��
� ��/- 0�34  

PLIAs PLICo PLICr PLICu PLIMn PLINi PLIPb PLISc PLISr PLIZn  

05/0  10/5  04/30 47/0  75/0  70/61 17/0  79/0  28/0  52/0  

 

 W�@G6. ��[ Y�
] 0T��3� X���.) �)@�EF��[ Y�
] #�$.��� � (!�" �)@� #��
/ 0,-�� ������.��
� ��/- 0�34  

EFAs  EFCo  EF Cr  EFCu EFMn EF Ni  EFPb  EFSc  EF Sr EFZn  Sample 

01/0  38/9  50/32  52/0  99/1  90/50  63/0  1  35/1  08/1  S1 

64/0  01/3  44/2  36/1  50/1  46/9  79/0  1  61/2  05/1  S2 

27/0  52/4  28/19  58/0  28/1  38/24  46/0  1  78/0  84/0  S3 

34/0  55/3  69/16  75/0  94/0  51/17  36/0  1  65/0  75/0  S4 

11/0  60/1  34/1  13/1  82/0  01/3  16/0  1  47/0  60/0  S5 

2/0  36/2  04/6  62/0  92/0  97/8  39/0  1  58/10  75/0  S6 

76/0  46/1  78/1  16/1  22/1  02/4  99/0  1  33/0  15/1  S7 

07/0  20/3  98/10  80/0  07/1  96/12  16/0  1  58/0  66/0  S8 

37/0  52/1  86/3  87/0  82/0  73/2  20/0  1  33/0  70/0  S9 

49/0  12/1  33/2  77/0  88/0  32/2  84/0  1  55/0  82/0  S10 

43/0  27/1  14/3  92/0  05/1  06/3  57/0  1  36/5  88/0  S11 

31/0  26/5  78/6  95/0  90/1  14/22  70/0  1  17/0  13/1  S12 

49/0  14/2  84/6  63/0  87/0  70/8  64/0  1  35/0  71/0  S13 

60/0  99/2  43/4  69/2  17/1  17/15  63/0  1  40/0  81/0  S14 

24/0  91/4  77/15  50/0  16/1  07/25  41/0  1  14/0  76/0  S15 

29/0  35/1  02/3  83/0  92/0  87/2  49/3  1  43/0  77/0  S16 

23/0  37/1  87/2  10/1  90/0  62/2  11/2  1  49/0  76/0  S17 

13/0  67/3  78/12  48/0  06/1  73/20  51/0  1  17/0  77/0  S18 

20/0  48/3  95/14  60/0  01/1  83/19  22/0  1  39/0  76/0  S19 

38/0  96/1  35/8  72/0  03/1  23/7  37/0  1  57/0  75/0  S20 

32/0  68/2  80/8  90/0  12/1  18/13  73/0  1  33/1  87/0  EF  

  
��,� 2����
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W�@G 7. !�" #�$�� 
4��U #�� ���
�� �$��T�/ Y�
] #��
/ 0,-�� ������.��
� ��/- 0�34  

As  Co  Cr  Cu  Mn  Ni  Pb  Sc  Sr  Zn    

                  1  Zn  

                1  103/- Sr 

              1 165/  **797/ Sc 

            1  009/-  347/- 380/ Pb 

          1  055/  *483/-  *523/-  263/-  Ni 

        1 031/ 036/  *499/ 279/- **679/ Mn 

      1 353/  **587/ 008/-  *749/ 288/ *701/ Cu 

    1 **637/-  011/  **563/  414/- 199/-  049/- 387/- Cr 

  1 **833/  **583/-  310/  **691/ 373/- 257/- 345/- 337/- Co 

1  **590/-  *525/-  376/  093/  223/-  **681/ 356/ 107/- **588/ As 
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