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 �F�0�"H:2014(�XD .�[�; R� F��#! �/ Y�� F�0� 6


0�B'�H$ ���0 R� �/ 6��)>�/6- S�#M0��> �D @�� 6

�� 	
/  (F�)%#HD�9) F�0�9 � 6ND�� F���� 0����� ��A9q�

'�H$ �0�>�/ �� O� �[�; 	�� .@�� �)��� 0��B0��> 

�PAE �/ F���� �/ OX� � 	
�
� R
]���N� 0� F�0�9 6

 �/ F���� �PAE Q�D�; .@�� 
�$ ��\�� =#
)A�0 �d�

 ZI� F�0�9 @H�����	
- 0� � 6�:����� ���0�>

F�0�����
� 6�:�)%��  ��)%����  �)$�� �Ig#� 	��

@��  �F�0�"H: � ���a�0)2008.( �XD �[�; 6�0�� Y��

Z
/ �� �97  0� k���9 �� O� S��0 �)�� 
D0��>  �[�;

@�� 6����) ����/ � ���;1992( '�j 0� .���>0 

 6�0�>�/�)%����  0���D�� �+��9 	�� ��
�L �/�#M �:


�$ ����LC�/ 0�-� 0� .��� 9 ��WLl$�l 60�
Z8#M 

	
��G: �)>�� 6��%� e8� �[�; 	�� 0� 	
��0C �0�

�$ '�H$ �/ S�#M �� ��0�� ���� �/�+��9 �D 6� 6�:


0�B f�� �� 60�
$�9 	���WL�)%�) 
��/ 6� R� 0� � (*
+

���>��0 J
P�  �)��� 6����$ �)6��� ����;1993 .(

 �0�� .�/��0�/  0�10  � ��,�- 6�)��0 6�)�� 
D

0�110 '�H$ 6�)�� 
D0��> '�j 0� ����0��>6 60º 

24' 14ʺ  t�! ��+�H$36º 35' 47ʺ   ��7/ �D 
�$ iB��
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�� ��I� 6���#$250000/1 O>�� 
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 �/ � 6�
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������#� �24  � � 
$ ���H�8  @$���/ 6�
789 ���H�

.�$ 6��/ �����#$ ���Dk0 ���#$ �: 6<
$  �� �:


��)�� XRD 
��/6�
� �$. 0�H$ 2  ���H�(Bulk)  �/

	��)HD �/ �M�9 0� Q�#/�D F�N
� FL �� O� � S�7)�� �:

S��0 
�������L 0� F�$0��� ������ 
������ ���#$

 �����FL �� O�  
��)�� J��9Explorer Tcu 2000N  

 ������ 
������ 6ND�� 
�������L.�$ 6��D�� 6��/ 

��0�/  �6��D�� ���H� � 
$ 6�:� 10  ���H�6��/ 

�����#$ �lD� 0��IlE� 6�:�
%l� �  !��l/ �l .�0 �

z
j���I+� z!�a� 6�H�q� �/ ���M �\#�(ICP-MS)  

 �/6�
� 
��/  
��)�� ��ELAN 9000  ���� 
�������L 0�

 ���x�ACME  �����D6��D�� .���$ �����#$  F�N
�

%� @B� �/ � E� �E�#!l�8 002/0  �904/0  �E�#! �E0�

�l�!�(ppm)  05/0-3/0  .�$ ��\�� 6��/@>�#$  =#�

��>
��)  �
����M )>�%#
�� � E� 6�:�
%D� @8%� �� �

�#��� SiO2 ,Na2O, K2O ,Al2O3 � ) �!�� �E�#!Co 

,Th, Sc �Zr ( �D�> 0��� �E�#! � (REEs) �#���  La 


��/6�
�  	�� 0� .�$Z:�`�  O���� �8��P� 6��/

 ���
H
$ ������:(CIA) �8
D�9 f�#9 O���� � (ICV) 

 .�0 ��McLennan 
��/�6�
 �$  <
+� �/ �D 6�P� �/

 6C�/ ����I�CaO� 6��/  ����I� {qE�Na2O  '���� 0�

 	�N���MCaO* �� ����.  

  

Q/��   

 m��)�6��D�� <
$�)%� 6�:'��M 0� *
+  6�:1  �2 
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�$ �]�0� <
$ 	��  6�0�� 	
���
� 0�j �/ �:2/42 

 �E0� SiO2�7/9  �E0�, Al2O372/0 �E0�Na2O � 3/4 

E0� �MgO� 43/2  �E0�K2O� 45/0  �E0�TiO2� 

623/0  �E0�MnO� 4/11  �E0�CaO� 931/0  �E0�

P2O5  �8/3  �E0� Fe2O3�#)%:  0��I� 	
���
� �LOI 

���H�  �0�� 6�:��0�/ 91/16 @��. @8%� ����I� 6�:

SiO2/Al2O3 )3  �96 �  0�g/	
���
� 3/4  �(�E0�

K2O/Al2O3 )22/0  �927/0  	
���
�24/0  �(�E0�

K2O/Na2O )1/2  �97/6  �/	
���
� 3/3  �(�E0�

Al2O3/TiO2 )20  �923 � �/	
���
� 22  O���� �(�E0�

���
H
$ ������: 1)CIA(  �+��x�)1 O���� 0��I� (

 �� ���
H
$ ������:67  �975  	
���
� �/70 .@�� 

�8
D�9 f�#9 O���� (ICV)
2  �+��x�)2 ( <
$ 0� 6�:

 �0����0�/ 8/1  �95/3  	
���
� �/1/2  
��/ '��M 0�3 

@�� 
�$ 
��� F��� . 

(CIA=Al2O3/(Al2O3+Na2O+CaO+K2O)*100) (1)            

(ICV=Fe2O3(T)+K2O+Na2O+CaO+MgO+MnO+Ti

O2/Al2O3)                                                            (2) 
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�$ 0�\#�/���  �F�#+ R� � 0� 
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1985( <"$) 3 .(���� �/ � 	��l0���H� <
$ ����� 6�:

�)%� �/ @8%� *
+UCC�  �E�#! �� Na2O, P2O5, Ba, 

Nb, Th � Ce ��90� � ���$  �E�#! Co , Ni , K2O �

CaO �#W�� F��� ���$  �/ �M�9 �/ .�#:� <"$3  ��9

�E�#! ���$Al2O3,SiO2 , Fe2O3 ,TiO2    �� �$��

 ������:GD G: � 	
#-GD 
0�/�� 6�/��9 @�� Q�/��0 

 �F�0�"H: � k��)2006( ��9 ���$SiO2  F���


�#:�  6���
�0 GD <
$�)%� 6�:��9 .@�� *
+ 

 ���$C�/ Na2O D 60����� <
+� �/0� G  6�:�#����

6�/��9  e8� �D 
��/�)�0 	
/ � 	LF
�$ �: @��  =���)

 �F�0�"H: �2014.(  	
���
�CaO ���H��: )4/11 �8��I9 (

3  0��I� �/��/CaO 
0�B �)��� 6���C�/ )19/4 �D @�� (

���H� 0� �9�#/�D F�H
� �� F��� |!�/ �D 6�P� �/ @��:

 ����I� Z:�DSiO2 � Al2O3 ���H� 0� .@�� 
�$ �:

 60�����Al2O3  '�j 0� �@�� C�/ N�^��� � ������:

�� 	���/�#/  �/ �%��I� 6��/ � ��! F��#! �/ FL �� F��9

 � E� �E�#! ����
��/6�
�  <"$ 0� .��D4 ��)%8H: 
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� Al2O3  �/���� 6�:�
%D�   
�$ 
��� F��� � E�

.@��Al2O3  �/K2O, Fe2O3, TiO2, Cr2O3, SiO2  

 �/ � @8}� ��)%8H: MnO �A#� ��)%8H:��0� V�890� .

G
I)%�Al2O3   �/K2O (R
2
=0.90)  �����  6�:�
%D�

� E� ���D ���� ND�H9 <
+� �/ F��� � 
��/ ��0 6�: 


�#:�  ��� 0�$��  @
 �� ��0 ���D �#��� ��
#
��+L ��

�$�/ <"$) 5(  ��+)2000h ���> �F�0�D � ��/2012h 

 �F�0�"H: � ���[01395.( C�/ <
+� �/ @$�� �M�9 ���/ 

                                                
1 Chemical index of Alteration: CIA 
2 Index of chemical variability: ICV 
3 Upper Continental Crust: UCC 
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F��� ���D �9���� @~ W �� �/ @8%� ��0 6�:

Q�X�� � @�� �:  �F�0�"H: � OD�D)1995h 6���� ���0

2011.( '��M) 3 �/ �M�9 �/ .(��)%8H:  G
I)%�TiO2 

 �/Al2O3 (R
2
=0.93)  ���)%8H: �/ FL �A#�MnO  

(R
2
=0.34) <"$) 4�A,C �(
��)��>  0� ��M�� ��
��)
9

���H��� �0 �: ���D 0�a; �/ F��9  �� ��0 6�:�$���� 

���D=#� R
��� 6�:��� @8%� J����; 	�0KL 6�: 

���>) �F�0�"H: � ��/2012(. 8H: @8}� ��)%F�
� 

TiO2  �Al2O3  �:��H: �� F���TiO2  �/

Q�"
 
�� 
�  ���:�#��� �0�� @
 ��  ��0�/��)1990 (

<"$) 5( 6�B 0�
%/ @8}� V�890� .F�
�  Rb� Al2O3  

(R
2
=0.93) F���  ����)%8H: Rb ���D �/ � ��0 6�:

@�� G
��)� 0�X�� �   �F�0�"H: � �
+)2013( )<"$ 4.(   
  

 )��S1 . ��T' ��G����' (% w) J��%��& � !�� ��G3�1 %�*�+ ,
� ��  

  
 )��S2. �U
A ��G
V�U (ppm) J�� ��%��& � !�� ��G3�1 %*�+ ,
� ��  

  

  

  

  

  

  

  

  

  

JE� 3 ..�" ��5 %�/�M5  A - ��T' ��G����'B -% ��  �� �U
A 
T��U%��& ���� ��G���= %���& %� @6�  %�*�+ ,
� �� 3�1�' 

 
���1 W5 � �����)1985(  

Sample/No SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 

Ps1 43.3 14.2 5.7 2.7 13 0.53 3.6 0.6 0.13 0.1 0.013 

Ps2 42.3 13.9 5.62 3 13 0.52 3.5 0.6 0.12 0.1 0.013 

Ps3 46.4 11.6 4.5 2.3 15 0.91 2.6 0.6 0.1 0.1 0.011 

Ps4 50.7 10.1 4.5 3.1 13 0.9 2.5 0.5 0.09 0.1 0.009 

Ps5 51.4 11.2 4.33 2.9 11 0.89 2.8 0.5 0.1 0.1 0.01 

Ps6 49.1 11 4.16 4.5 11 0.87 2.7 0.5 0.1 0.1 0.01 

Ps7 51.1 9.64 3.39 3.6 13 1.09 2.3 0.5 0.09 0.1 0.008 

Ps8 40.5 6.68 2.32 10 14 0.63 2 0.3 0.08 0.1 0.007 

Ps9 43.1 8.02 3.34 11 11 0.82 1.9 0.4 0.11 0.1 0.007 

Ps10 46.7 11.6 4.37 5.2 12 0.76 3.2 0.5 0.11 0 0.011 

Mean 42.3 9.74 3.83 4.4 11 0.72 2.4 0.4 0.093 0.1 0.009 

Sample/No Ba Ni  Sc 

  

Co 

 

Nb 

  

Rb 

   

Sr 

  

Th 

   

Zr La V Ce Ga Dy 

1 233 32 14 13 9.2 120 302 9.8 118 25 120 49 15 3.6 

Ps2 267 38 14 14 9.6 124 296 9.5 121 25 125 50 15 3.8 

Ps3 253 34 11 12 9.9 92 323 7.9 122 22 100 43 12 3.5 

Ps4 273 20 9 9.3 7.2 84.3 251 7 163 19 80 39 10 3.1 

Ps5 283 24 10 11 7.8 94.1 238 7.7 163 21 89 39 12 3.3 

Ps6 270 26 10 10 7.7 91.6 218 7.4 136 20 89 40 12 3.2 

Ps7 245 18 8 9 7.7 78.3 259 7.2 193 20 72 38 9 3.2 

Ps8 194 18 5 5.3 5 62.3 299 4.6 92.5 14 50 29 6 2.4 

Ps9 190 18 7 7.8 6.8 65.2 298 5.8 103 18 59 35 6 2.9 

Ps10 220 28 11 10 9.1 110 304 8.1 139 22 97 46 12 3.7 

Mean 243 26 9.9 10 8 92.2 279 7.5 135 21 88 41 11 3.3 

5  
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 )��S3. @6� �UJ�� ��T' 
T�%��& � !�� ��G%�*�+ ,
� �� 3�1

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

JE� 4 . �'��� 
V�U �/���� �"��6�G�G � 
"/�E/ ��  
V�U Y'
��Z�Rb  %� @6� Al2O3 J�� ��%��& � !�� ��G3�1  ,
� ��

%�*�+  

Sample/No K20/Al2O3 SiO2/Al2O3 K2O/Na2O Al2O3/TiO2 CIA ICV 

ps1 0.25 3 6.7 23 75 1.8 

ps2 0.25 3 6.7 23.2 75 1.9 

ps3 0.22 4 2.8 20 72 2.1 

ps4 0.24 5 2.7 21 70 2.4 

ps5 0.25 4.5 3.1 22 70 2 

ps6 0.25 4.4 3.1 22 70 2.1 

ps7 0.24 5.3 2.1 20 68 2.4 

ps8 0.29 6 3.1 23 67 4.3 

ps9 0.23 5.3 2.3 20 69 3.5 

ps10 0.27 4 4.1 22 71 2.2 

Mean 0.24 4.3 3.3 22 70 2.4 

6  
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JE� 5.  Q/�� ����'� XRD ��J %��& � !�� ��G %�*�+ ,
� �� 3�1 A:Ps2/1  B:Ps34/3  
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 6�E�#! F��#! �/ 	
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G:@8%� �� 	
#- TiO2/Zr �� N
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� 6�:
��/6�
� 
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� �D �+�; 0� 
��/ �

n9 0�

Zr Z
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���P� 0� �: 	�0KL =#� 6
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��)��>  J����; 	�0KL

<
$ 6��/�)%� 6�:@�� *
+ <"$) 6.(  

 

��"/�S .�5!�#���  
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��/6�
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������� �� 6�:  ���9Th/Sc/Zr/10 �La/Th/Sc   

�Th/Co/Zr/10  
����M )>�%#
��
0�B F�HD ���NM � 6�

���H� 6��/  �0�� F��� �: <"$) �:� 8 �� � D 0�j �/ .(

 
����M �x+�g� 6��/ �D ���:0���H� ��0�/)>�%#
�� �

<
$�)%� 6�: *
+
��/6�
� �� @�� 
�$  �/ F��9���� 

 F��/
����M )>�%#
��D ��/ �� ����H� � 0� �:


���P� 
0�B F�HD ���NM 6 � 6�6���� ����D 
0�B 0��B 6�

�� ���
�.  
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JE� 6 . ��G�'��� �/�����  [����"���# J�� %��& � !�� ��G3�1 A-  �/���� �'��� Al2O3  ��
�'
� TiO2 B -  �/���� �'��� 

Zr(ppm)  J��M5 �� TiO2 
�'��E�G � ���/�G)1997( 

  
JE� 7. ��  �'��/����� ��"/�S �#����5!J�� �%��& � !�� ��G �� 3�1�
���
�\ ]'
\�/� !' ��GLog K2O/Na2O  J��M5 ��SiO2 

 
,��� � �!��)1988(  

JE� 8 .  �'��� �/����� ��"/�S �#����5!J�� �%��& � !�� ��G �� 3�1�
�\ �
�� ]'
\�/� !' ��G,�\ %� Co,Th,Sc ,Zr  �La  

A�� 
/'^S= ��� ��=' � �B���= ���� 
/'^S= �'C���= )�4A %���;= �'D���= )�4A 
�` %���;=�' )�����  
a�
� �1986(  
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