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�,0 �,�(B V
��& �2. �&,�) .�L�� 1�%& ��
�* �& �6%A �&
 !
����Ni )%�a=_(�Cr%) ^�=�( Mgo%)�b/_=�b/�(

�� !m� �& ,.� �BC-0 ��4/. �
) :!�"�;.%* �)%� �3 :)
�;0)� ���S�,�).��� �)�%2� �� 4/. �
��2�0 :,/& :�3

 Q)!��RA @�.)!& �
�89Na2O+K2O�& �L�� SiO2

]�����[4/. ��!;�"�� :8%W� :�3 ��
�%
� !&�" ��
�%
� :
>A�)%B  ��� >�%��� :�6 ��� >�%�4/. ��/�23 �,�!�" -
�� �6 !S :�3�!;�"�
�,�9  �
�,�9 �)!G �;�)��&,��)� 

)C-0^.(

?��
6��� ,D�� H�E!& �#D) !D�/$ �
��2�0 �
>TA F
�;� )wt.% (4/. ��1),23 1�;.) �1�� 5!7 5%/6  5!7 �
�89 :�3 
)C��0 �'/. :�3,E) )Gd(��
�%
�  !&�")Ba ( ��;�)��& �
�,�9)Di(��
�%
�)An(��
�,�9)Mo(���� >�%�)Qm(,/;�3 ��� >�%� >A�)%B.

."	�" ��� SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 LOI Total 

GH-28 Gd �d/a^  �a/d _/�b  ^d/� ��/d ��/^ d_/� d�/_ ��/� ��/d ��/^ �b/��  
GH-62 Gd ��/aa  ��/d �b/�b  _�/� ��/d _^/^ a�/� �_/� ��/� �b/d a^/� �b/��  
GH-77 Ba ^^/a^  ��/� ^^/��  �a/_ d�/d �b/_ �a/��  ^b/^ �d/d ��/d ��/� �b/��  
GH-78 Ba ^�/a�  �_/� __/�b  db/a d�/d �b/_ _�/�d  ��/^ ^�/d �d/d �d/� ^�/�a  
GH-112 Ba ��/_�  ^^/� �a/��  ��/a �d/d ��/^ �b/� ^^/^ ��/d �_/d a�/� _�/��  
GH-14 Di _b/bd  ��/d bb/��  ^�/� d�/d d�/� �b/^ ^�/^ __/� �b/d �b/� ^b/�a  
GH-38 Di b�/a�  �^/d ^d/�b  ^b/� ��/d ^^/^ ��/� _�/^ _�/d �b/d �b/� �_/��  
GH-90 Di ab/ab  ��/d d�/�b  d_/� �_/d ^�/� ��/a _d/^ _�/� �b/d �_/� ��/�b  
GH-23 Di ^^/b�  ��/d _�/��  ��/b ��/d �b/� a�/_ �d/^ dd/� �b/d da/^ ��/�b  
GH-51 Di ��/ab  �b/d ^�/�a  ��/� �_/d a�/� ��/� d�/^ ��/� �b/d ��/� ��/��  
GH-24 Di ��/b�  �_/d b�/�^  b�/� ��/d �b/� ^�/_ ��/� bd/� �b/d �b/� _�/��  
GH-87 Di d�/ab  ��/d �a/�a  ad/� ��/d ��/� �b/a _^/^ d�/� �b/d a^/� �b/�a  
GH-96 Di �b/a�  �_/d d^/�a  �b/a ��/d ^�/� a_/a �_/^ ��/� �^/d b�/� ��/�b  
GH-102 Di �_/a�  �a/d ��/�a  �a/a da/d �b/� db/b _�/_ a^/d �a/d ^b/d a�/�a  
GH-95 An __/ab  ��/d __/�b  �^/� ��/d _b/� db/b da/^ �a/� �a/d �d/� ��/��  
GH-84 Mo ^b/a�  �b/d d_/�b  ��/d d�/d ^a/^ ��/� a�/b ��/d d�/d a�/� b�/�a  
GH-100 Mo a�/ab  �b/d d_/�b  bd/d d�/d �a/^ __/� b�/a �a/d d�/d _�/� �^/�_  
GH-16 Qm ^�/a�  ��/d ��/�a  b�/_ �d/d ��/� ^^/^ �^/_ �d/� ��/d d_/� b_/�a  
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."	�" GH-28 GH-62 GH-77 GH-78 GH-112 GH-14 GH-38 GH-90 GH-23 

N E

35
°2

2'
60 /

49
"

48
°5

5'
06 /

10
"

35
°2

1'
99 /

44
"

48
°5

3'
54 /

52
"

35
°2

2'
16 /

56
"

48
°5

8'
89 /

51
"

35
°2

3'
81 /

06
"

48
°5

8'
25 /

20
"

35
°

23
'

70 /
00

"
48

°
58

'
70 /

59
"

35
°2

2'
06 /

51
"

48
°5

5'
33 /

25
"

35
°2

2'
14 /

32
"

48
°5

4'
66 /

20
"

35
°2

2'
05 /

47
"

48
°

53
'

80 /
01

"

35
°2

2'
41 /

39
"

48
°5

5'
40 /

08
"

Rock Gd Gd Ba Ba Ba Di Di Di Di
Ag �/d< �/d< �/d �/d< ^^/d �/d< �/d< �/d< �/d<
As �/d< �/d< ^/d �/d< �d/� �/d< �/d �/d< _/a
Ba �b� ��_ �db ��� �^� ��� �_� ��� ���
Be �/� � �/d �/d �< a/� �/� ^/� a/�
Bi �/d< �/d< _/� �/d< �/d< �/d< �/d< �/d< ^
Cd �/d< �/d �/d< �/d< �_/d �/d< �/d �/d< �/d
Ce �� �� �� �b �^ ^� ^^ ^b ^�
Co �/�� �/�� b/�_ ^/�a �_ �/�_ _/�d �/�b �/�_
Cr �b �^ ^� ^d �d �b �d �� ��
Cs �/� �/a a/d< a/d< b/d �/d �/d ^/� b/d
Cu �� �b � b a ^ �� � ^�
Dy b^/a �/a ��/a a/a �a/^ �b/_ b^/a aa/a b/a
Er _a/^ a_/^ d_/^ ��/^ ^d/� d�/^ ^�/^ _�/^ _�/^
Eu a�/� a^/� aa/� �^/� �a/� ��/� _�/� ��/� __/�
Gd ��/a �d/a ��/_ d�/a �^/^ d�/_ ^b/a da/a ��/a
Hf b�/d �a/� ��/� a^/� a�/� a/d< db/� �_/� aa/d
La �� �b �_ �_ � �� �� �d ��
Li � �a <� <� _ �� �a �b �_
Lu _�/d _a/d ^�/d ^�/d �_/d _�/d _d/d _a/d _�/d
Mo �/d< d,a �/d< �/d< b�/d bd/d ad/d �/d< �/d<
Nb a/�_ �/�^ b/�� _/�� _/�� b/�� �/�^ �/�^ �/�b
Nd _/�d �/�� �/�� a/�� �� �/�� ^/�� �/�� �/��
Ni � b �_ �a �^ � _ b �d
Pb _� �_ ^� �� � <� b� �a _�
Pr ��/_ ba/^ d�/^ d�/^ ��/� ��/_ ^�/_ ��/^ b_/_
Rb <� _� <� <� <� �� <� a ��
Sb � a/d a/� �/d �d/d b/d �/d �/� b
Sc _/�� �/�� �/�_ �/�^ �/�� �/� b/�� �/�a ^/�
Se �^/� �_/� b�/� b�/� ad/� �d/� d�/� �d/� ��/�
Sm da/a ��/_ _�/_ �a/_ ^ ��/_ ��/a ��/_ �^/a
Sn _/� �/� d/� �/� a/� _/^ �/� d/� d/�
Sr ^�d �b� aba _�� _d� ��^ ��� �^� ��^
Ta �a/d ��/d ��/d ��/d d�/� a_/d ��/d ��/d �^/�
Tb �b/d �b/d ��/d �a/d a^/d b�/d ��/d �a/d ��/d
Te �a/d ��/d �d/d ��/d b�/d �b/d �d/d �a/d �_/d
Th ��/� ^�/� �d/� ^�/� a�/� �b/^ _b/� ��/� ��/_
Tl �/d< �_/d �/d< �/d< �/d< ��/d �/d< �_/d �/d<

Tm a_/d aa/d _�/d _�/d ^�/d ad/d a�/d a^/d aa/d
U _/d �/d _/d _/d �/d d/� �/d �/d b/d
V ��� ��_ ��d �d^ �d� �� ��d �bd �d�
W <� <� <� <� <� <� <� <� <�
Y ^/�d _/�d ^/�� �/�� d/�� �/�� ^/�d �/�d a/��

Yb �/� �/� ^/� _/� �/� b/� b/� �/� b/�
Zn �� �� �_ �� �d ^_ ba �^� ��
Zr �� _^ ba a� bd � _� �� �a

Eu/Eu* ��/d �^/d d^/� ��/� �^/� ��/d �b/d �b/� �a/d
Rb/Th ab/d �^/�� �d/d ��/d bb/d ^�/�� _d/d ��/� ��/_
Nb/Yb ^�/a �a/a _�/a ��/a ��/� _b/_ d�/a ��/_ _�/b
Th/Yb bb/d ��/d _�/d a�/d ��/d _�/� �a/d d_/� b�/�
La/Yb ^d/b �^/a d�/b �^/a ��/_ d�/� ��/b _�/� ^�/�
Tb/Yb ^�/d ^�/d ^_/d ^a/d �a/d ��/d ^^/d ^�/d ^^/d

(Sm/Yb)N d^/� ��/� ��/� �a/� aa/� ��/� �_/� ��/� ��/�
(La/Sm)N ��/� d_/� �a/� �a/� ��/� �d/^ �d/� ab/� ��/�
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Rock Di Di Di Di Di An Mo Mo Qm
Ag �/d< �/d< �/d< �b/d �^/d �d/d �b/d ��/d �/d<
As �/d< �/d< �/d< ^d/� ad/� �/d< ad/� �d/� �/d<
Ba �d� ^dd �d� ^�b �da ��� _d ^� _��
Be �/� _/� �/� �< �< �/� �< �< a/�
Bi �/d< �/d< �/d< �/d< �/d< �/d< �/d< �/d< �/d<
Cd �/d< �/d< �/d �^/d �a/d �/d< �_/d �a/d �/d
Ce �� ^a �� ^� �a ^b �a �a ^^
Co �/�b ^/�� �/�^ �b �a �/�b d/� d/� �/�d
Cr �b �_ �_ �^ �_ �^ � � �d
Cs � �/d a/d< ^/� a/d< �/d a/d< a/d< b/d
Cu �b �� � �b b ^_ a _ �_
Dy a�/a a�/a �b/a �^/a d_/a ��/a �^/_ �b/^ ��/b
Er _�/^ ^�/^ ��/^ �a/^ ��/^ �d/^ d_/^ _a/� �b/^
Eu _^/� ^a/� _�/� ��/� �_/� a�/� ��/d �d/d a^/�
Gd d^/a ��/_ �d/_ ��/_ ^�/_ ��/a d^/_ �a/� ��/a
Hf ��/� a/d< �a/� �_/d ��/d �b/_ b_/� �b/� a/d<
La �b �� �a �d �� �� � �� ��
Li �� �_ a b � �_ � ^ �d
Lu __/d _^/d ^�/d __/d _^/d a�/d ^�/d ^^/d ad/d
Mo �d/d �d/d �d/d �a/d b^/d �d/d b�/d b�/d �d/d
Nb b/�^ �/�^ �/� ^/�� �/�� �/�_ ^/�� a/�� a/�^
Nb b/�^ �/�^ �/� ^/�� �/�� �/�_ ^/�� a/�� a/�^
Nd �/�� a/�d �/�� �/�� d/�b �/�d ^/�_ �/�� a/�^
Ni b a _ b �� �d a b _
Pb �d ��� ^d � � �b �d � ^�
Pr �^/^ ^�/_ _�/^ d�/a �^/� ��/_ _b/� da/� �_/_
Rb �< b_ �< �_ � �< �< �< a_
Sb d/� �/� a/d< �/d �/d �/d �/� �/d �/�
Sc �/�� ^/� ^/�a �/�_ ^/�� �/�� ^/�� �/�� �/�
Se ��/� b_/� ��/� a�/� ^�/� d�/� a�/� ��/� �d/�
Sm ��/_ ��/_ b^/_ b�/_ �b/^ d�/a bb/^ �^/� �^/a
Sn b/� �/^ b/� �/� _/� �/� ^/d �/� �/�
Sr �_b �^� �dbb ��^ ^_^ �^a ^�a ^�b ���
Ta ��/d �_/d ab/d _b/� ^b/� d�/� ^^/� a�/� ��/d
Tb �^/d ��/d ��/d �_/d �d/d ��/d b_/d _�/d d�/�
Te ��/d �a/d ��/d �/d< ^_/d �^/d �/d< �b/d �a/d
Th ^�/� ^^/^ ab/� d^/� _a/b a�/^ �a/_ ^�/^ ��/_
Tl �/d< �/d< ��/d �_/d �/d< �/d< �/d< �/d< �/d<

Tm aa/d aa/d a^/d _b/d _a/d bd/d __/d ^b/d b�/d
U �b/d b/d d/� d/� _/d �/� a/d _/d �/d
V ��� �b ��d ��� �a� �a� �b� ��d �d�
W �< �/� �< � �< �< �< �< �<
Y ^/�d �/�d a/�� d/�a d/�a a/�� d/�� d/�� ^/�^

Yb �/� �/� a/� _/� _/� �/^ �/� b/� _/^
Zn a^ a� �� b� �� �a �b �b bd
Zr __ �a ^� �� �a ��_ _� __ �a

Eu/Eu* ��/d �b/d ��/d �^/d �_/d �d/d b�/d ��/d �d/d
Rb/Th _�/d ��/�� ^�/d ��/�� �_/� ��/d ��/d ��/d ��/�d
Nb/Yb b�/_ ��/_ ab/^ d_/� _b/� b^/_ ��/� ab/�� ��/^
Th/Yb ��/d ��/� d�/� ^a/^ b�/� �d/� �b/� ��/� _b/�
La/Yb a�/a ad/� dd/b ^^/� a�/_ b^/a ��/_ ��/b a�/a
Tb/Yb ��/d ��/d ^�/d ^�/d ��/d ��/d ^^/d ^d/d ^d/d

(Sm/Yb)N �d/� �a/� d�/� d�/� ��/� ��/� ��/� �a/� �^/�
(La/Sm)N d�/� �a/� d^/� ��/� �_/� ��/� a_/� a^/� d�/�
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