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1 - anhedral pyrite 
2 - massive pyrite 
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Ba ��/�b�q ��/���m ��/��p� ��/��m ��/�ep ��/be�b ��/e�� ��/beep 
Co ��/q� ��/m� ��/�m� ��/mq ��/q� ��/�m ��/�� ��/�� 
Cr ��/�e� ��/bb� ��/b�m ��/p� ��/�b ��/��p ��/p� ��/�m 
Cu ��/mep ��/eb� ��/bb� ��/��� ��/eb� ��/��� ��/�qq ��/�qq 
Nb ���/bm ��/b� ����/e���/�
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Th ��/�� ��/be ��/bb ��/�� ��/q��/���/���/�
Ce ��/��e ��/�mp ��/b�� ��/��� ��/bq ��/�mp ��/�p ��/�q� 
Cl ��/��� ��/q� ��/me ��/b�m ��/qb� ��/��e ��/p�m ��/��� 
pb ��/eq� ��/�b� ��/�m� ��/p� ��/��b ��/qm ��/�e ��/�b 
Rb ��/b� ��/e�� ��/�mq ��/�� ��/ee ��/�q ��/�p ��/eq 
Sr ��/�q�� ��/�e�p ��/mbp ��/b�q ��/b�� ��/e�e� ��/eq� ��/b�me 
V��/b�q ��/emm ��/��q ��/�bb ��/��b ��/�q� ��/�� ��/b�b 
W���/�q �����/b� ��
Y��/qq ��/pm ��/b� ��/e� ��/b� ��/e� ��/be ��/�� 
Zr ��/��� ��/�bq ��/p�� ��/��� ��/�m ��/��e ��/em ��/�p� 
Zn ��/emb ��/�pq ��/e�b ��/�� ��/��� ��/�b� ��/��q ��/��� 

Ash % bp/e� m�/bb b�/b� �m/b� p�/�� p�/b� �p/�� ��/b� 
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PC3 PC2 PC1 
�p/�� �b/�� q�/� SiO2

�b/�� ee/�� qp/� Al2O3

�m/� �b/�� qq/� Na2O
�p/�� q�/� ��/�� MgO 
�m/�� b�/�� �p/� K2O
�e/�� b�/�� ��/� TiO2
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! �C �& �� �"#"� �Q�75 8
*'�9 0� |�v!�� �&D7>� ���� D

�
� *,��"+ .�C� �! <'� ���5 �&,DSiO2�Al2O3�Na2O�
K2O'TiO2Q�75 'JE# ��Co �Cr �Nb �Ni �Th �Ce �

Rb�V'Zr�:�!�' ,�� .�C
��:� ����6L& ' O]b�[��
/��!��&
�� ��%
�C ,7:	�V�!Al 'Si$:�GL& �,+
,D

��C �! ' �:+����&D/���:�!�' ,�� .<'�) ' ��,���6��]bq[� E
/��! ���� �!�%� 
�$D�"S- �V'Rb��C �! �� ��&D

�"�1 /"7 4 @�6�*��� �G�� ,�� .�
��- �� 8��C �/� 
�ED'
5�L/� � � �]�b[V<�=0 �� �"#"� ?7/�&D�! �� ��+"� 

�1 t�!�<�=0 *��� �G�� ?7/�/� .
9�! �� 3'� ���5  *,��DJE# �Q�75 �Ba �Sr �W'

P2O5�/� .� �g�L:-�
��C 0� �Q�75 8��&D@�7!�C ���C ���&D
�"�1 /"7 4 @�6���C '��&DU�M�	 @�)1 ,7��� ��� � �
�%

�:	�9,�� .�� �! �:G�� $:�GL& �"#' 3,5 ��! ��%�  8
P2O5�C� �!  �&,D4Q� ��
� *�$:/�P ��"� �� �$
�w75 8

���� �"#' 3��!� .
�C� ���+ 3"/ ���5 �&,D4Q� �CaO�MgO �MnO �

Fe2O3'SO3JE# �w75 '�Cl �/� .'0�'����6L& ]em[
�X' ?7/ <�=0 ��
��"�X �C� 8 �&,DCa 'Mn �� �� 

U�7!�C �! h�G@�� ' �&Fe 'S��C �! �:�!�' �� ��&DM�"/  �&,
��,��� .��- ����:� I�/��! �C 
� 0� �Q�- N
/��! 8���

<�=00 �,>� ?7/
��%pFe  �Mn 'Mg! U�7!�C �! �:% �&
 )/ �,
�('B, Co, Ni 'Sh�G@�� �� t�! �! �&D�1�

*�"! �:�!�',�� .$:�GL&�M7� �! 8Cl 'Na'Cl �!SiO2'
Al2O3�1 *�$:/�P �! �g�L:-� ��/� h"!�� �4C .�! �#"@ �!
$:�GL&�! �Gu�  8Cl �!MgO �MnO �Fe2O3'SO3

t�! �! *'.5 �g�L:-��1�<�=0 4��"5 ?7/��
�$D,7��� 
��C��&D@�7!�C �M�"/ ' ,D� ��@ �� E � 8
�� �Q�75 8

�/� *�"! �a�� �'�,749 ?7/ <�=0 �,>� .�
��- �� 8��/� 
�C
''�"
��:C '
O]eq[<�=0 �� �"#"� �4C! �� ?7/ �:%

�1 t�! �! h�G@�� ����:LC ��,�� �! 'Dt�! �! �&D= �1 ��
<�=0� �G�� ?7/�,7&�.

4 - Zhou 
5 - Wuchaiwan 
6 - Xiheishan 
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����4جدول' �
��' ,Q�� ' *(
�& O��
|�&�":C�	 0� D4Q� ����'� '
JE# �Q�75 *,+ ����:/� �:	��.
و مؤلفه  افتهي چرخشي عامليمربعات بارها استخراج شدهي عامليمجموع مربعات بارهاهيژه اوليمقدار

>L[@ ,Q�����' 
O�� ��' ,Q��
O�� >L[@ ,Q�����' 
O�� ��' ,Q��
O�� >L[@ ,Q�����' 
O�� ��' ,Q��
O�� 
�eb/�� eb/�� eb/�� eb/�� �/ep �/ep 
bp/pq b�/b� p/pq b�/b� e�/p� b�/b� 
e��/qp ��/�m ��/qp ��/�m m�/q� e�/b� 
���/�b q�/���/�b q�/���/�b m/�� 
��m/�m �m/�
p�b/�� p�/�
m��� qq/�
q��� �
���� �

�5جدول@��
�M��� O�&D���'� 
:	���! �DJE# �Q�75 �.
PC1PC2PC3PC4

Ba ��/��b/��e/���/��
Co ��/���/���/��q�/�
Cr ��/�b�/��m/�b�/�
Cu �b/����/��b/���b/�
Nb �q/���/����/���/�
Ni pb/��e/�b�/���q/�
U�m/���q/��q�/���m/��

Th ��/��q/��e/����/�
Ce ��/�qq/���/��m/�
Cl �m/����/��eq/���q/�
Pb ��/��m/��e/��b�/�
Rb �m/���/���m/���/��
Sr �b/���p/��p/��m/��
V��/�b�/�b�/�b�/�
Wb�/�b�/��m�/�b�/��
Y�q/�q�/�bm/�eq/��
Zr ��/���/��/�e�/�
Zn b�/�mp/���/���p/�

� #�����M�DJE%�5 شكلQ�75 ��S	 �� �
���'� �.
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�J�k1�4k ��� ��>L+ ��L k� �A
�C�") ���
� �/�7+ ���C ' �/�7+�"4! �4[� �p�

يهـا سـنگ سنگ گلندرود با زغال زغاليمي ژئوشيسهيمقا
چ و آمريجهان، كاين

�:�
E[@ N
�D+ L ��
�C�  �&,D4Q� �JE# �Q�75 '���
<�=0<�=0 Y�.C ' �'�,749 ?7/� ' ?7/ $�� <�=0 8?7/-

�&DX ' 8��1
<',# �� �6 p�/� *,+ �J��� .�� ���
�! ��
<�=0?7/�&DX 8]b�[<�=0 �,>� �� �'�,749 ?7/SiO2�

Al2O3�CaO �MgO �K2O�P2O5'TiO27= �9,+ �'
Na2O'Fe2O3�@ �9,+ ����� )�6+p.(7=�9,+ �

�C� �&,D
�� �! �g�L:-� *,+ �� ��C �"S- ���&D
�"�1 /"7 4 @�6�@�7!�C '�� �� 
<�=0 8�/� ?7/ .7TL& 8

���
��D�f4= �&DJE# �Q�75 �<�=0 �� �"#"� ?7/
<�=0 �! �'�,749?7/�&DX 8]b�[��1 �
�6]e�[Y�.C '

<�=0 ?7/]e�[�C ��� ��%�Ba �Sr�Co�Cr�Cu �Ni�Zn �
Pb �Ce �V'Zr<�=0 �� U,+ �! 7= �'�,749 ?7/�9,+ �

'U�Th �Cl 'WLC �7=��/� *,+ )�6+m'q.(�
� 8�
��-��C �/� Nb<�=0 �� ?7/�&DX ��1 �8
Y�.C ' �6

<�=07= ?7/�9,+ �! �:%D<�=0 0� ���� �'�,749 ?7/ .
7TL& <�=0 �� �4C ��,�� 8��� �� �'�,749 ?7/
<�=0 �! ��-
?7/�&D��1 
<�=0 Y�.C ' �6�@ ?7/�9,+ �� ��%� �-
,&�)<',#p.(

<',#p��� 
�C� ,Q�� �� �&,D4Q� �JE# �Q�75 '�(ppm) <�=0 �� � �! �'�,749 ?7/ $�� <�=0 8?7F/ �F&DFX 8]b�[��1 �
�F6]e�['
<�=0 Y�.C ?7/]e�[

<�=0�'�,749 ?7/ 
�7��� � $�� 8

� $�� <�=0 8X ?7/ 8]b�[� $�� <�=0 8?7/��1 
�6]e�[<�=0 Y�.C ?7/]e�[

SiO2�b/eb �qm/�qe/�� �/q��
Al2O3m�/�� �qq/�p.m� ��/p��
Na2Ob�/����/��p/��q/���
MgO ��/���b/�q�/�b�/���
K2O�m/b���/�p�/�b�/���
TiO2�e/����/���/�em/���
MnO �/����/���/����
CaO b�/�� �pp/��p/���/���
P2O5b�/���e/���/���/���
Fe2O3pq/p�mm/�bp/emq/���
SO3�q/p��m/b��/����
Ba be�b�e�� ��/�bpq ��� �m� ��� 
Co �m�����e/mq �/m�/p�/�
Cr b�m�p�b�/�bq �����p
Cu mep���� pe/bmq �q���p
Nb bm�nd ��/m�/��/�m/e
Ni e�����m�/�m� �����e
Und �����/���/b�/b�/b
Th be����/�� e�/eb/ee/e
Ce ��e�bq�e/�pm ��b�be
Cl qb��meb�/e�m bp� p�� e�� 
Pb eq��p�b�/��e ����q/m
Rb e������e/qe b�/�b���
Sr e�e�b�q ��/�b�� ��� �e� ��� 
V��q���pe/b�m e�bbb�
Wnd b���.qq ���/�
Yqq�bepe/�b �q��/��/q
Zr p���emm�/bbe q�bmep
Zn emb���pe/��e �b�ebe
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�)�e�� ���C0"- �L +"JK ' �/�7+*D���,�0�� ��:/� �DEC�� 0�G�� ��'�,749 ���=0 �p�


 ���6شكل�C� ,Q�� �� �&,D4Q� �<�=0 �,>� <�=0 �! �'�,749 ?7/X ?7/ 8]b�.[


 ���7شكل��DJE# �Q�75 �<�=0 �,>� <�=0 �! �'�,749 ?7/?7/�&DX 8]b�[<�=0 ���1 ?7/
�6]e�[<�=0 Y�.C '?7/ ]e�.[


 ���8شكل��DJE# �Q�75 �<�=0 �,>� <�=0 �! �'�,749 ?7/?7/�&DX 8]b�[<�=0 ���1 ?7/
�6]e�[<�=0 Y�.C '?7/]e�.[
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�J�k1�4k ��� ��>L+ ��L k� �A
�C�") ���
� �/�7+ ���C ' �/�7+�"4! �4[� �pp

 برداشت

<�=0?7/ RC ��9"9 ��,�� �! �'�,749 0� g�F! ��:G�F� �:�C�P '
<�=0 ���>� �4L#*0"- �� ?7/D��=0 �EFC�� 0�FG�� D�F/� .

�) �!
�D/��! ��&DR�� *,+ 3�[�� �@
��C 8��&D�F
�,F>� 8
��C ���+��&D@�7!�C ���C ���&DM�"/  ,D�"�1 � /"7 4 U�6-
���� ' �&
�:LC �D��C ��&DU�M�	 �/� ��� ./��! I�/��!�-

�&D� )"6/'�6�) �
R�� ��@
��C 8�M�"F/  ,D�� �"F#"� 
<�=0 �/� �'�,749 ?7/ .�
��C 8��F! U��] U�"Q �!  � �� F
 E

!�*�"@ ' �6+�D�0 ��  �7D��=0 �� ' U�"FQ �! E
<��,F&"
 $:�6+ ' 0�� ����&D<�=0 � ?7/
� *,��"F+ .) �F
��F&D
<�FF=0 �� �"F#"� ! �'�,F749 ?7FF/FF ���� �:%D*�$:FF/�P �FF)�

| :�K �/� .�:�
�@�� N
$:�GL& O���F�1 ' �FM�"� ED4FQ� �
! �Q�75 h�G@�� �$��SiO2�Al2O3�Na2O�K2O�TiO2�Co �

Cr�Nb �Ni �Th �Ce �Rb �V'Zr�FFFFF/�.SiO2�Al2O3�
Na2O�K2O�TiO2!FF ��FFC �FF! �:%��FF&D�"�1  FF/"7 4 @�6�
�:�!�',�� .�F:� I�/��!
F/��! 0� �FQ�- N��F&DF+"JK  L ��


7>� h�G@������DF! �FQ�75 8MgO �MnO �Fe2O3'SO3

���� �"#' .�
��C 0� �Q�75 0� *'�9 8��&D@�7!�C �M�"/ � ' �&,
�"�1 /"7 4 U�6 � �&
�:	�9 �% ,F�� .�FQ�75Ba 'Sr �� �F! F �

d�>+ �!�%@
�"��F4C �F!  F��'��	 ' R���FC ��F&D@�F7!�C ���
<�=0 ! ��'�,749 ?7/ ��C 0� �:%��&D@�7!�C ��
�:	�9 �%,�� .
7TL& $:�GL& 8�! 8P2O5�Q�75 �! Ba �Sr �W�g�FL:-� 

G@�� �$��%� %�! h��� 0� 
��C �! �Q�75 8��&D�F4C U�M�F	  R
�/� ���.$:�GL&�M7� �Cl �! SiO2�Al2O3�Na2O�K2O

'TiO2! F�1 *�$:F/�P �$����F
�F/� �wF75 8.<�F=0 ?7F/
 ��� �� �'�,749
<�=0 �! ��?7/ �F&DFX 0� 8SiO2�Al2O3�

CaO �MgO �K2O�P2O5'TiO27= �9,+ �0� 'Na2O'
Fe2O3�@�9,+ ����� .7TL& ��� 8
��D�f4= �&D�Q�75 

JE#�<�=0 �� �"#"� <�=0 �! �'�,749 ?7/ ?7F/ �F&DFX �8
��1
' �6 <�F=0 Y�.C ?7F/ �FC ��� ��%F� Ba �Sr �Co �Cr �
Cu�Ni �Zn �Pb �Ce �V�Zr'Y<�FF=0 �� U,FF+ �FF! ?7FF/

 7= �'�,749�9,F+ �'U�Th �Cl 'WFLC �F7= �9,F+ �
���� .�
�F- �� 8���FC �F/� Nb <�F=0 �� ?7F/ �F&DFX �8
��1
' �6 <�=0 Y�.C?7/ ! <�=0 0� �:% F7= �'�,F749 ?7/�

�/� *,+ .7TL& � 8 <�F=0 �� �F4C ��E ?7F/ �F&D��1 
' �F6
<�=0 Y�.C?7/! <�=0 0� t?7/�/� �'�,749 .
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