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 E@�3 .a ( "���+ �� Q����* " Q����* 0�� (���) ���XPL .(b("���+ �� 	2���.2/ ������ ��� �9C��) ���XPL .(c ( " �7�*

 ?�� ����+� *���� ��"���+ �� ���T����) ���PPL .(d ( ����)* (��� ������ �� �K��*�+ Q���������* U�� (���) ���XPL .(e (

+� ���T���� �� � �"��/ ���� �����) ���PPL.( 

  

�@����@! ?�L���J " ����,���-. �+1�" 

��" "'Z�	 3� ��$�� "� �#��0��'@P 1�����'<1F'G� 1�� 

�M L���< �3N,�O	 �"'	��'0� 1�" �� �� "K2O/Na2O-

SiO2 ]25[ 3�'0� 3� +�� ��� B/; "� 3SO�	 1
�� 1��

3�'0� � ���� ����j	 1������j	 "� 1���� 1��

�	 "��? +�,��'< � +#"'#�'��� ����) \A�4 .( "��'0� "�

SiO2-A.R. ]27[3�'0� � �$����'#P/; � �#���� 1��

����j	 "� LDV� �3N,�O	 �"'	 3SO�	 � �,�A,M'A,�� 1��

6����� [?�� �,�A,M ���) \A�a5(.  1�� ���N< 1���

3�'0� �#� �#�0�	��'0� 
� ��� "Q-P ]8[  ��� ���G$��

Y�� "��'0� �#� X��� �� +�� "� o�<�04 1
�� 1��

 � �$�(,'< ����j	����j	 "� �$0� 2��  �,�A,M'A,��

��� 2��0$	 ���) \A�b5(.  ����	 2�� f�Sj< �#� "�

 �A��'$A< }�j	 ��!�< 1��"��'0� 
� ��SSj	 �8��

+,�
�� 1��� ��� m����Y�� ��)G< +�7 ����� 1�� �#�

 &�g	 1��� +�� ��� ���G$��]6 �14  �17.[  X��� �#� ��
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 �gDg	 "��'0� "�Zr/117-Th-Nb/16 ]26[  1������

+�,'�-� ����j	 "� ��g�� +-�� .�/	D )+,�
��X'? 1�� (

��� [?�� ���) \A�6(�@�5�M 
� ��
�� T�0< 3�  ���0� 1��

 �s�4 
�Th ��V �	 ���� ���  ����]13[ �Th  K#

  ��"��- ��
 �� }Q<�	 �#�0�	 BI'j< "� 1��D� �s�4

+�,'�-�  #��7 1��� \�,� ��0� 3� � +��  m'� 1��

+�� ��� ������; ����������;'� m'� 
� 6"'	 . "��'0�

Zr/Y-Zr ]16[ �	 ���� 2�� "� 3SO�	 1������ 3� ���

��� [?�� ��'���?� X'? ����j	 ���) \A�a7.( b� ���e

��� �� "��'0� XTiO2-(FeOt/FeOt+MgO) ]18[  ������

��� [?�� T'���$�< 
� ��S- ����j	 "� ��S- ����#�0� 3� ���

Y�� �#� "��	 1�0�	 ��'� +�� b���$�< �s�4 
� ��

) \A�b7( ]2[.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 E@�4 .?��! (�BN���� V��" ��� W� 9! �� (��� 1�2� (�)���* X�7� �� ����� " ]25[)(�* "���+ �	�) " (��*�+��.2/ �?��*�(. 

 E@�5 .a ( �*��,�SiO2-A.R. ���,� ���,+�� �� ���B! (#�?��! ��(��� 1�2� (�)���* X�7� �� ]27 [b ( �*��,�Q-P  (#�

���,� ���,+�� �� ���B!?��! �� (��� 1�2� (�)���* X�7� ��]8[ )?��*�� (��*�+��.2/ 	�) "�  "���+(�*.(  

  (Q = Si/3-(K+Na+2Ca/3))  �(P = K-(Na+Ca)) 

O))2Na -O 2K -+ CaO 3O2O)/( Al2O+K2+ CaO + Na 3O2= (AlA.R( 
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 E@�6 . �\�]G! �*��,�]26[ (��� 1�2� (�)���* ��"���+ �@����@! R�4� ���B! (#�) :A- ()*	���G/ ��_ �� `������N* ���� �

B - ()*	�� `������N* ���� ��G/ ?�� ��3 ��C- ()*	�� `������N* ��*a� ��D- ()*	��b�N ��.( 
  

 X��� �� ��� �2�,�	�� 6��0� �C��4 ���%$	 ��e "��'0�

1��4 6"'	 ]22[ +�,'�-� 1������ 1��� ���� +-�� .�/	

�	Y�� �#� 3� �����V 1�"�� ���4 
� ��� �C�LIL
1 

 ��Z�K �Rb �Ba �Th  �U 	�  �C��4 3� �O#��� "� l�����

HFS2  ��Z�Nb �Ti �Zr  �C��4 ��04 �HREE  �Q#�S< �#

��< �?�-��V �# � ��� �#��S	 "� �# � ��$)� ���

��< 1��%$	�	 ���� ��� ����) \A�a8( 
� 3� �

�.#� 3D07+�,'�-� "�A�M 1��   ��"��- �� }Q<�	 1��

 +��]9  �10[. X��; ]16[ 6M 3� +�� �S$N	 �#��


 1�0�	 ��5#� ~4�� 3� ����"��- ��'���?� 3jGC

�	 �,�A,M'A,�� �	 �'� 1�C��4 ��� �5��7 L7'	 ���'<

"� l�'� b#����" � b���$; �b�)���$�� ��Z� �,�> 3�

 ��� 3� fDN$	 �C��4HFS  W�j$	�� ������ �R "�

�	 ����� .b� 3� ���e ���S4�')D#� ]24[  � +-� ���e

 
� �A# �<'QA�4 1��"��'0� "� �j=�� 1��2�8

+��  ��"��- �� }Q<�	 1���0�	 B��C's8 . � '�'�

 �Dp	�$��]6[ ��V 2�� "� ���LILE � ��S- �� ���0

��� B��G$	 1��"�HFSE   3� +Q)�N-MORB
3  �"

 1I�� +Q)� ������LILE/HFSE  
� �" �M � 3$)���
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2   �C��4I�� ����	 B��.  
٣  3$�; +,�
�� � ���	 1�� ��'���?– &�	��.  

�M +�,�N- ��2�	 � BI��� }#��� 3� 3$)� �	� ����< �#� ���

+�� ��'Q� +8�'�A# B"'C 3� ������ 30� "� ]21 �23  �

12[ . "� 37'< \��? +Qg	 �,�	'�MSr  ��
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� ��V 3�

 1��
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�	 }Q<�	 2�� �#�����'� .b� �C��4 1'�,� "� ���e

+#"��� X��� �� ��� �2�,�	�� ���8 "��� ]2[  �����	

�	 �� ���0� �" �jO)	 o�Q#�S< ���" ������ 3� �'�
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3�'0��	 �#���� 1������ . ��N= +Qg	 �,�	'�MEu  "�
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 E@�7 .a (  �*��,�Zr/Y-Zr  �@����@! R�4� c�]G! �*��,� "� �� (��� 1�2� (�)���* ��"���+ �� ���,� (�BN��]16[ .b ( �*��,�

TiO2-(FeOt/FeOt+MgO)  �*��,� "� �� (��� 1�2� (�)���* ��"���+ �� ���,� (�BN����]18[.  
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 I"��1 .(��*�+��.2/ " ��"���+ �_�� �D��_ " ��D* ���� �* ����,�� ��ae!��(�)���* �� �����  - (��� 1�2�.  

SAMPLE 
BA-1 

Granite 

BA-2 

Granite 

BA-3 

Granite 

BA-4 

Granite 

BA-5  
gabbro 

BA-6 

Granite 

BA-7 

gabbro 

BT07-18 

Granite 

BT07-20 

Granite 

SiO2 40/76 50/76 60/76 40/77 80/46 30/76 40/50 30/77 70/74 

Al2O3 
55/12 90/11 95/12 60/12 35/17 40/11 05/15 48/12 00/13 

Fe2O3 34/1 93/0 57/1 59/1 00/11 81/3 00/10 75/1 57/2 

CaO 
27/1 18/2 84/1 60/1 95/12 59/2 05/10 01/1 53/1 

MgO 18/0 34/0 33/0 49/0 64/7 51/0 24/7 28/0 35/0 

Na2O 
61/5 36/3 65/4 50/5 01/2 61/4 99/2 06/4 75/3 

K2O 81/1 75/1 12/1 37/0 09/0 02/0 18/0 36/2 00/2 

Cr2O3 
01/0< 01/0< 01/0< 01/0< 01/0 01/0< 03/0 * * 

TiO2 10/0 23/0 15/0 20/0 97/0 24/0 85/0 10/0 14/0 

MnO 03/0 02/0 04/0 04/0 19/0 08/0 16/0 04/0 05/0 

P2O5 03/0 02/0 02/0 02/0 15/0 03/0 08/0 07/0 10/0 

SrO 01/0< 05/0 02/0 02/0 03/0 01/0 02/0 * * 

BaO 03/0 03/0 03/0 01/0 01/0 01/٠< 01/٠< * * 

LOI 87/0 05/2 87/0 39/0 88/0 56/0 96/1 50/0 59/0 

Total 00/100 40/99 00/100 00/100 00/100 00/100 00/99 92/99 77/98 

Ag <1 <1 <1 <1 <1 <1 <1 * * 

Ba 00/284 00/267 00/216 50/125 20/41 20/21 30/34 92/578 74/630 

Ce 10/25 20/9 20/12 70/26 30/10 80/52 70/10 23/46 28/49 

Co 90/1 10/2 10/2 90/2 40/43 40/7 70/39 * * 

Cr 00/10 00/10 00/10 00/20 00/90 00/10 00/210 19/4 42/3 

Cs 41/0 29/0 23/0 07/0 11/0 03/0 06/0 52/0 54/0 

Cu 00/7 00/6 <5 00/7 00/105 00/12 00/45 * * 

Dy 70/2 54/0 97/0 43/1 28/3 70/10 96/3 66/2 81/2 

Er 86/1 47/0 68/0 07/1 10/2 33/7 57/2 88/1 69/1 

Eu 27/0 28/0 34/0 38/0 92/0 76/1 93/0 86/0 10/1 

Ga 20/12 20/9 70/12 50/12 80/16 60/15 40/16 * * 

Gd 52/2 46/0 89/0 66/1 69/2 35/9 12/3 63/2 89/2 

Hf 80/2 30/3 50/2 50/3 70/0 30/8 70/1 45/2 82/2 

Ho 59/0 13/0 19/0 33/0 73/0 41/2 86/0 65/0 65/0 

La 30/13 60/6 80/6 60/15 80/4 70/23 80/4 65/23 28/25 

Lu 31/0 13/0 16/0 22/0 29/0 17/1 37/0 30/0 28/0 

Mo <2 <2 <2 <2 <2 <2 <2 * * 

Nb 80/3 00/3 90/1 60/4 80/4 10/15 30/1 29/4 61/4 

Nd 90/10 70/2 10/5 00/10 00/7 40/30 60/7 63/18 47/20 

Ni 00/7 00/11 00/5 00/13 00/63 <5 00/64 * * 

Pb 00/167 00/96 00/45 00/1480 00/188 00/175 00/844 23/12 22/13 

Pr 91/2 85/0 40/1 90/2 46/1 10/7 55/1 30/5 54/5 

Rb 00/23 20/23 50/17 90/2 20/1 20/0 00/2 06/67 42/55 

Sm 43/2 44/0 94/0 75/1 14/2 92/7 33/2 36/3 65/3 

Sn <1 <1 00/1 00/1 00/1 00/1 00/1 * * 

Sr 50/44 00/419 50/136 00/154 00/226 50/124 00/220 27/124 18/177 

Ta 30/0 30/0 20/0 40/0 30/0 00/1 10/0 38/0 41/0 

Tb 41/0 08/0 15/0 25/0 49/0 63/1 59/0 46/0 48/0 

Th 50/3 99/3 66/1 63/3 07/0 89/3 82/0 84/7 66/7 
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Tl 5/0< 5/0< 5/0< 50/0 5/0< 60/0 5/0< * * 

Tm 26/0 06/0 09/0 16/0 28/0 13/1 36/0 31/0 28/0 

U 97/0 92/0 36/0 65/0 07/0 12/1 20/0 93/1 46/2 

V <5 00/18 00/10 00/16 00/327 <5 00/280 * 15/3 

W <1 00/1 00/1 <1 <1 <1 <1 58/6 90/6 

Y 50/17 90/3 00/6 20/9 90/17 10/63 20/21 82/19 27/18 

Yb 88/1 69/0 92/0 24/1 97/1 52/7 40/2 03/2 86/1 

Zn 00/38 00/33 00/26 00/790 00/107 00/42 00/353 * * 

Zr 00/78 00/137 00/95 00/124 00/25 00/327 00/57 41/74 64/91 

) I"�� ��*�*1 (  

SAMPLE 
BT06-34 

Gabbro 

BT06-29 

Gabbro 

BT06-48A 

Gabbro 

BT05-3 

Gabbro 

BT05-5 

Gabbro 

BT06-48B 

Gabbro 

BT06-22 

Gabbro 

BT06-33 

Gabbro 

BT05-6 

Gabbro 

BT07-8 

Gabbro 

BT07-9 

Gabbro 

SiO2 04/52 43/42 63/49 80/51 60/50 22/50 24/51 38/52 60/45 30/47 30/50 

Al2O3 73/14 83/14 10/15 00/14 10/15 87/14 41/13 49/14 40/10 44/19 91/16 

Fe2O3 45/10 99/12 36/9 95/6 92/8 47/9 11/11 64/10 66/8 35/7 72/5 

CaO 41/8 22/9 31/7 20/12 04/9 65/7 70/8 78/8 50/16 11/13 54/10 

MgO 62/6 74/3 91/8 62/6 59/7 27/9 26/6 05/7 70/12 88/7 20/10 

Na2O 72/3 64/7 77/3 14/4 66/3 27/3 04/4 71/3 05/0 55/1 37/2 

K2O 67/0 40/0 96/0 17/0 24/0 88/0 61/0 52/0 05/0 52/0 61/0 

Cr2O3 * * * * * * * * * * * 

TiO2 85/0 27/1 59/0 20/0 64/0 52/0 14/2 77/0 55/0 92/0 40/0 

MnO 17/0 25/0 17/0 11/0 14/0 17/0 17/0 17/0 15/0 10/0 13/0 

P2O5 07/0 22/0 07/0 05/0 12/0 09/0 13/0 12/0 09/0 15/0 10/0 

SrO * * * * * * * * * * * 

BaO * * * * * * * * * * * 

LOI 35/1 88/5 05/3 04/3 40/3 02/3 17/2 88/1 05/4 67/1 74/1 

Total 08/99 87/98 93/98 26/99 41/99 41/99 99/99 50/100 63/98 99/99 01/99 

Ag * * * * * * * * * * * 

Ba 08/90 43/33 20/301 00/12 00/35 10/283 05/75 16/73 00/7 96/193 16/154 

Ce 79/9 98/10 68/5 80/8 20/10 99/5 07/11 84/9 88/7 18/10 67/4 

Co * * * * * * * * * * * 

Cr 18/229 62/2 15/410 00/155 00/123 17/434 70/37 66/202 00/350 53/180 97/299 

Cs 18/0 82/2 03/2 00/0 ND 73/1 51/0 48/0 02/0 33/0 28/1 

Cu * * * * * * * * * * * 

Dy 29/3 14/3 34/2 68/2 71/2 48/2 21/6 34/3 60/2 21/3 99/0 

Er 00/2 95/1 41/1 70/1 56/1 47/1 67/3 12/2 51/1 72/1 60/0 

Eu 70/0 05/1 59/0 59/0 62/0 62/0 

 

 

45/1 74/0 77/0 85/0 42/0 

Ga * * * * * * * * * * * 

Gd 73/2 47/2 70/1 12/2 17/2 73/1 33/4 32/2 05/2 26/2 73/0 

Hf 49/1 24/1 08/1 37/1 16/1 10/1 35/2 31/1 15/1 25/1 44/0 

Ho 75/0 74/0 52/0 62/0 59/0 53/0 34/1 75/0 59/0 71/0 27/0 

La 87/4 82/4 21/2 92/3 90/4 40/2 61/3 17/4 42/3 18/4 12/2 

Lu 32/0 29/0 21/0 28/0 27/0 23/0 52/0 30/0 25/0 26/0 10/0 

Mo * * * * * * * * * * * 

Nb 36/1 95/1 62/0 48/2 81/3 62/0 55/3 32/1 11/2 34/4 40/2 

Nd 55/6 46/7 61/4 87/5 22/6 81/4 44/10 05/7 50/5 66/7 85/2 
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Ni 72/65 42/18 24/103 00/36 00/64 13/102 94/29 26/71 00/70 00/167 00/155 

Pb 10/0 69/2 99/3 26/3 62/1 94/9 42/9 67/0 95/3 95/0 47/0 

Pr 41/1 54/1 91/0 25/1 39/1 96/0 93/1 43/1 18/1 58/1 67/0 

Rb 41/9 70/35 33/25 50/0 69/2 03/20 17/7 38/10 74/0 88/6 27/14 

Sm 03/2 17/2 53/1 77/1 82/1 53/1 80/3 18/2 63/1 27/2 78/0 

Sn * * * * * * * * * * * 

Sr 56/300 37/152 56/512 00/45 00/454 62/528 16/441 81/360 00/19 37/406 87/394 

Ta 08/0 12/0 05/0 18/0 26/0 05/0 31/0 08/0 36/0 28/0 18/0 

Tb 51/0 49/0 35/0 38/0 37/0 32/0 90/0 47/0 35/0 48/0 16/0 

Th 66/0 51/0 34/0 58/0 63/0 34/0 21/0 64/0 52/0 39/0 23/0 

Tl * * * * * * * * * * * 

Tm 36/0 33/0 24/0 27/0 25/0 26/0 59/0 35/0 25/0 29/0 10/0 

U 17/0 20/0 15/0 16/0 13/0 15/0 11/0 17/0 13/0 13/0 04/0 

V 48/315 71/312 35/234 00/191 00/225 39/236 20/375 45/266 00/224 49/347 88/162 

W 86/0 31/0 13/0 65/0 ND 12/0 12/0 27/0 66/1 19/6 17/6 

Y 51/20 31/20 11/15 00/16 70/15 28/14 87/35 10/19 00/14 26/19 24/7 

Yb 14/2 96/1 40/1 68/1 63/1 49/1 59/3 06/2 53/1 64/1 59/0 

Zn * * * * * * * * * * * 

Zr 99/51 43/39 28/37 00/49 00/45 24/39 07/80 83/39 00/40 88/39 91/13 
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�e��� " f4� ��+  

��'< ��04  !� 3� ��� ���� �#��jC B�N,�O	  1��

 +�,'�-� 1F'G�-  ���� Y�" 3� 1������ �" +-�� .�/	

�$)��8 3� \#�0$	�	 \�A�< 1 ���� .+����'#P/;  3� ��

3" B"'C �'0�8" � 1�  �� � ������; � Ke'� 1��

 � ������ ���0� 3� �	�� �< ��G� Y�" 3� � b� ������-

K#���	 ��#� 3SO�	 "� �$#�,� 1�� ��'� . ��� 
�	

+����'#P/; +�� U=�� B"'C 3� ������ �� �� . �nN� "�

����'#P/; f#"2< �"�'	+ K#�� \8�� 3� �� �$#�,� 1��
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