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���L x5F�T< � I$ ��0=� �*+K03� +V2%C 2�
�@ !��31�$ .P2�V��1� 
���L x587 F��=� $� < � 
� :��*� .
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M1	�
��0=��*+��7 F7%� �� !�#� '��%>� 2 R��� �I��+M"=��� 
��$ .��0=��*+�1�;$2< � �; �*+V2%C �-�2�� 5�����7 %

��8E� ���
��7 F7%� I$ %,�2� �I��+!�@ �@$�%; �2 ��$��;
FV �$����
d�, �E, 5���%>� %�&2%& 58515!�@ AB$2 9��$ .��

��0=� �@$�%;�*+�1�;$2;< � ��*+!�  7 P%1 7 +��7 �-
I��+�5(� '�"�$ �W �, F���0=� I$ �, ��$ !�0; 'L %; �*+

�; _�=Q$ �� !�@ '��%>� %1=750@ �@$�%; }�; ���� t %* ��
$
��0=� M� �*5FV �$��� �; F�
d�, �E, 5���%>� %�	5852 9

��1& %1=7��1	%> �$%B ��$.
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!��� ;+< � �*+�KL 
��%; ���$ %; ��] � M��*+)7�7

'$��"=* 2�]�T[� '�#��< � �7 �*��*+�KL 
�����7 M

1- Cox et al. 
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I��L �, �
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0��d +�* 2 �5�8� '0�=* �$�
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�;�)U"@Z.(
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$�V �� �=>�� 
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����0, '0�=*50"�� �M
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< � M�@�; �* .��
1�5� �X��=#t%� '$0,+$
< � M, $� �*5�1@0> �G$+�;

�0& �7��#��1+!��B $+���$� .,��6Q �;��
< ��*+!�@ ��
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, 95�1@0> �G$+�;
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���C�$F* �+�=E�%5� �+�$IL; �8X� '$%
$ ��� @ ���7 2 ��� @�08 ���

=7����1�
���L x5FXRF 2ICP< � �*+-�2�� 5�����7 %.
��0=� KAF-022 KAF-042 KAF-143 KAF-188 KAF-206 KAF-157 KAF-116 KAF-094 KAF-129 KAF-047

- � �W$2� M P GD M P GD M P GD M P GD M P GD AB A to AB A A PD 
SiO2 wt% ``/\\ T�/\Z ``/\e e`/\` T./\e k./Z[ \Z/e` �e/eS �[/eT ZT/\` 
Al2O3 wt% S`/�\ �\/�S eT/�S TS/�k [Z/�\ Z\/�k \�/�k kZ/�S [S/�S k`/�\ 
Na2O wt% S./Z [/Z [[/Z e\/Z eZ/Z ../` Z/` k�/Z k[/` [./Z

T.Fe2O3 wt% SS/. TS/Z Z[/Z k/Z T\/` ``/k Z\/S \/S \./k Te/Z
K2O wt% \�/. [`/� S\/� �Z/. k/� [./T [k/T ./T S�/T [e/�
CaO  wt% `�/. �[/Z TZ/Z \[/Z ./` .�/[ `/k .k/\ .Z/[ k./`
MgO  wt% `S/� [`/� SZ/� S\/� k�/� S\/e S[/` �`/. .�/e \�/�
MnO  wt% T`/T T[/T T\/T TS/T TZ/T �e/T ./T �[/T �e/T Te/T
P2O5 wt% �e/T .S/T ``/T .`/T �[/T ``/T e/T ../T `[/T .�/T
SO3 wt% Tk/T Tk/T TZ/T TZ/T TZ/T TS/T Tk/T TS/T TZ/T Te/T
TiO2 wt% `S/T Zk/T e/T Z\/T Z�/T [e/T kZ/T ZS/T Tk/� Z./T
LOI wt% S`/. \[/� .\/� �k/� Z./. kk/. �S/. kS/. `/. `Z/.
Ba ppm kZ� S\Z \k. S\� �T�e eZ` \TT �Z\ \TZ S.[ 
Cd ppm .\/T .\/T .e/T .e/T .\/T .Z/T .e/T .\/T .e/T .Z/T
Ce ppm ZT ee e[ ZS ek ek Se .Z k\ `[ 
Co ppm k �T �` �e k `. .` �k .[ �T 
Cr ppm k �e .. �. �Z �S� ST .� �`. �` 
Cs ppm S/� k/� . k/� [/� [/� �/. k/� [/� S/�
La ppm .\ .Z .k `T `. �e .[ k .T .� 
Nb ppm �[ .� �e �. �\ �\ �\ �[ �Z �\ 
Ni ppm k �\ �Z �T �T kZ `e Z \\ �T 
Pb ppm `` �S [ �Z k �� k k S k
Rb ppm �T[ kS k[ k\ k\ `[ e� `k e` kZ 
Sc ppm [/Z S Z/S [/S k/\ [/.. \/.� e/�T �/.` S/e
Sr  ppm ``\ Z[S Z[Z Z[[ Z\[ ``k `[k `\` `\` Z.. 
Th ppm ./�\ k/�e `/�e ZZ/�e Z/�k S/k [ S/` [/. ./�Z 
Tl ppm �S/� �k/� .Z/� �`/� `e/� [Z/T T./� �/� k[/T �k/�
U ppm `/Z Z/Z Z/Z Z/Z ./Z Z S/` e/Z e/Z Z/Z
V ppm eT S� kZ k� \k �SS �S` e. �[[ \T 
Y ppm S k �T �T k .. .S .T .e \

Yb ppm k/T � � �/� [/T Z/. Z/. �/. S/. k/T
Zr ppm [. �[ .e �e .� [[ kT eS ��S .\ 

T.Fe2O3: Total Iron; MP GD: Micro Porphyritic Granodiorite; A: Andesite; B: Basalt; P: Porphyritic,D: Dacite 

 

1(�>� �$�0=� 5858B Y0=X� %;$%; �� )5��
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�8V qq�!��=@ �����;�n�n ���%;< � +�*< �7 +%5	�0& )� �����7 �� P�5� +�*��6��5� 2 ��� @ ���
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1(�?�*�$�0=� +G,55�7$ ^$%584$ %4� Q ��G, {�W %; 55�7$ ^$%5� �585< � �� )�*+�KL 
	0& �����7 M5%+< �7 .�$2$%	��� %4� Q 

�I2 �4�� {�W %; R|�B �0E����$.

1(�@��$ (�$�0=�AFM< � �*+�KL 
< �7 �����7 M]��.[g(�1�� �$�0=�� ;+< � �*+�KL 
�7$ �4�� ���$ %; M5�*�+0�L  �5�l0
�875�� �R
��1& 2 R5R]�..[U"@ �;�#� �*��=�Z� 1�* .
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���C�$F* �+�=E�%5� �+�$IL; �8X� '$%
$ ��� @ ���7 2 ��� @�08 ��q

��;,�#�&= �"�
< �6���� �
84$ %4� Q �;�#��%4� Q �Rb �Th �Ba 2La �5$F	$ �; F
:

SiO2]C ^�04 �; �$F	$ 
:Sc �Yb �Ni 2Y:*�7 
�1	�
 %w Q 2Ce1;�d ��2� �� '�#� �0C I$ ��*�)U"@S.($
M

�;
 (� M��$$�V �086, �7 �
#�=�� :�� �U��", �� 
; 2 �=>���'��2L �0V2��0>�*+- � �81�� �!�@ �����7 �� 

��$ .�*��2�+%�, 
@ R* v�65G, �� !�@ !�*�#� {55^$%
84$ %4� Q�FV 2�
� {�W %; 5'$F SiO2� �;�d ��7 � 7
$ !�-1��C
�1�� 2� M
�=>�� 9+���� )
�=>�� �+�;5��

�;�#� (�0;��$ !.��!��� ;+< � �*+V2%C �%; ��] � 
Q%	 %4� Q ���$�$ �
< � M�*�$�0=� �Q0=X� �� �*+Nb %; 

{�WY� '�#� �< � �7 �*��*+�KL 
!%1�> �� < �7 M-
+< � �*+�8	 5�0B �� 9�*+��#3#,L �� �$%B �>5��% 

)U"@k�]�k([�� �;�#� �7
�*�����7 %+	�0& )� 5%+
!�@ �1C� @+%-
�2�+�2�$ � ;%=7 5�–� 1�* %1C� 

]\��`.[�$�0=��*+REE %; �0=Q�1@0> �; +�2$ 5$%; �+
< ��*+�KL 
< �7 M)U"@[(� '�#��$ �7 �*�
< � M-

 h ��>I���� %4� Q �� R* 2 ��>I�� %4� Q �� R* �*�I$ %,
�1@0>+�2$ 5� 1�* �.�*��2�+#*�7 ��� !�@ !�*�#� 
%4� Q ��
!�@���#� +< � �#�; g2K �*+�KL 
�1�0& M$+

�7 �@�;
"�I$�1@%��*+< � R�� �*+�KL 
%� M+"*L �
�8B5��
��$ ]�[.[< � �,06� Q �$�0=� �� 2 �V2%C +�*

K03�+��;�#� +��2� +�1�0& +���$� �
}�; )U"@[�].T.([ 
�0J �;�& �4fC
!��*+!�@ ��
!�0, ��0� �� �*+L�K
M

"#, �*$0@ < �75d�, 2 :�$�2%	 cJ� � �� �=>�� U5}L %
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�1�0&$+�, $� 5
� ��� 7 .
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1(�A�*�$�0=�+G,55Q%	%4� Q %�G, {�W %; ���� 255�7$ %5� �585< � �� )�*+�KL 
	0& �����7 M5%+< �7 .�$2$%	��0E� �� %4� Q 
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�8V qq�!��=@ �����;�n�n ���%;< � +�*< �7 +%5	�0& )� �����7 �� P�5� +�*��6��5� 2 ��� @ ��n

Com/Pan

Rhyolite

Trachyte

TrachAnd

Phonolite

Bsn/Nph
Alk-Bas

Sub Alkaline Basalt

Andesite/Basalt

Andesite

Rhyodicite/Dacite

101.00.10.01

0.001

0.01

0.1

1.0

10

Nb/Y

Zr
/T

iO
2

ب الف

 
1(�B��$ (�$�0=�Zr/TiO2�; �6��Nb/Y  +$%;�1�� � ;+< � �*+�KL 
	�0& )� �����7 M5%+< �7 ]�S.[g(�$�0=��=,
E� F5i-

�*+�I51C�� M�]�k.[�$�0=� M
$ ��VAG ����#3#,L �0B +�*�5|015�$%> syn-COLG ���0C%; �; '��F=* +�*�5|015�$%> WPG �
2�� +�*�5|015�$%>�E34 '2 +$ORG�1#& +�*�5|015�$%> +� 1�* ��0��5B$ .U"@ �;�#� �*��=�Z� 1�* .

1(�C< � �,06" Q �$�0=��1@0> �; �6�� �7 !%1�> ��2�� 2 ���#3#,L +�*+�5�2$ ��X �;!�@ ��$]�k[�; ��
��� ��0� P�W M5Q �� 2
�1�0&+�
}�; ]�[[�1	%> �$%B��$.

����D�����������
��%;��*+B�5� c5&0"�2%"�2�I5M�� @�E]� ���
:�;�*+	�0& )� �����7 �81�� 5%+�7 �%7 �;�d < �7 
%1=��
M��] ��*+���%>� �,%, �; < �7 �� 5I$ � ,��6Q {:

	5859)F,�$07�%�
�51�(��1& �59);5,051�(&2%& �585159
)�8751�%87 2
1�(/�L 2
859.$
M��] ��*+!�> '��%>� 

2�+
�"
�#��I�; %-q!�@ ��$.

1- overprint 

����D����8� �
�2$5���%>� �8W%� M�	�0& )� �����7 �� 5%+'2I < �7 

���%>����1& ���$ .R��%,
��7 M��*+���%>� P0wE� ���
$
I$ � ,��6Q '2I M:;5,05�$ ��5��
1 -� 2 �5�.$ ��
������7 M

���%>� '2I���1& �;5�W �]�$2 �; %1#��7 �0�;5,05�
� z�#��7��$ �*�@ 2 �0@� 6� �8B ��a��8	 �0�W %; 5��


;��%>��; _�=Q$ �� �� , 5��$� �0V2 }�; ��)_�=Q$ ��S`T 
%1�+��=> 2� �� , �� �+=Q5ceT2\\U"@ ������7 �T�
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���C�$F* �+�=E�%5� �+�$IL; �8X� '$%
$ ��� @ ���7 2 ��� @�08 ���

��$ .($
���%>� M�< � �; v�6��h �*+��#3#,L ��5��7 '�;F�-
I��+� �2�E� ��0@ .%*��; v$5,051�I��L '�@ 
�7$%, 2 �*�
I��L
��*+�5��7 '�;F�I��+�2$ UW$%� �� {8h$ 5^�04 �

Q0� �; 2 �1	%>�$%	 �; 
�83��0* � ���$ P��(� '�@ .�;
,��6Q��(�0, �+;5,051�A;�, ^�@ �; '�@ ��� @ < � 
< ��*+d�, 5~& %
��$ �1	% .$
�& M
< � �� !��*+P%1 7 -
!�  7+��7 �I��+� !�*�#� %1=7 {,$%� �; ��0@ .$
�; '2I M
^�@�*+�I �]� I$ �81�� 5�; _�=Q$ �, M5U;�B }�; ��

�(,5��$ {.;5,05��*+;��%> �� ^�04 2� �;
��$�F+
!� 7$%&
��1@�6�$��>� 2 ��*+;5,051��
� !��$�$� 2 ��0@+

!0�B <��$+� 1�* M@2� F6� 2 M@2� .7%, ^2�3,56�$
M
;5,05��*�@ �*+$ %; 
���%>� �7 ��$ M���1& ������7 �� 

	�0&5%+$�$� < �7 +2� UB$�W �,��$ !�0; .$ �0�W
M
���%>��381�� �0]� �� ������7 I$ )I _�=Q$ I$
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A1, A2, B, D: Quartz Veins Sequences; EB: Early Biotite; M: Magnetite; P: Pinkish Anhydrite; T: Tourmaline; L: Late. 
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