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Sample X Y

G2 N 33O 27`  25`` E53 O  57`  54`` 
G6 N33 O 27` 22`` E53 O 57` 52`` 

G7-2 N33 O 27`  97`` E53 O  57`  92`` 
G11 N33 O 27`   81`` E53 O  59`  08`` 

G12-2 N33 O 27`  79`` E53 O  59`  14`` 
G13 N33 O 27`  78`` E53 O  59`  16`` 

G15-1 N33 O 30`  68`` E54 O  05`  70`` 
G20-3 N33 O 30`  64`` E54 O  05`  74`` 
G21-3 N33 O 30`  31`` E54 O 04`  46`` 
G23 N33 O 30`  40`` E54 O  04`  48`` 
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Sample B312 Sample B300 Sample B303 B300 sample B303 Sample B303 
Analysis �� Analysis TS Analysis p S� Analyze �p Analyze �� 

SiO2 ��k/�� SiO2 �pS/TS SiO2 kk�/Sp s�T/T� SiO2 ���/� SiO2 psk/�� 
TiO2 ��k/� TiO2 ��S/� TiO2 ���/� ���/� TiO2 �k�/� TiO2 ��s/�
Al2O3 p�S/�k Al2O3 �pk/�s Al2O3 �k�/�T sTT/�� Al2O3 ���/� Al2O3 ���/�
Cr2O3 �p�/� Feo* �Sp/� Feo* ��k/� ���/� FeO* �k�/� FeO* �SS/�
FeO* T��/�s MnO ��p/� MnO ���/� ��p/� MnO ��p/� MnO ���/�
MnO �S�/� MgO ���/� MgO ���/� ���/� MgO �ps/� MgO ���/�
MgO �Tk/�� CaO S�s/� CaO T��/s p��/S CaO ��T/SS CaO ���/�
CaO ���/� Na2O ��p/� Na2O ��p/T s�k/p Na2O ��p/� Na2O ���/�
Na2O ��k/� K2O �k�/�� K2O ST�/� sS�/� K2O ���/� K2O ��T/�
K2O ���/� Total �k�/�� Total Sp�/�� �T�/��� Total S�p/Ss Total sTT/�� 
Total �k�/ss Oxygens s Oxygens s s Oxygens � Oxygens k

Oxygens �s Si ���/� Si S��/� pkS/� Si ���/� Si ��s/�
Si T��/T Ti ���/� Ti ���/� ���/� Ti ���/� Ti ���/�
Ti ��k/� Al ���/� Al ���/� �ks/� Al ���/� Al ���/�

AlIV �pp/� Fe2+ ���/� Fe2+ ���/� ��k/� Fe3+ ���/� Fe3+ ���/�
AlVI �s�/� Mn ���/� Mn ���/� ���/� Fe2+ ���/� Fe2+ ���/�

Cr ���/� Mg ���/� Mg ���/� ���/� Mn ��s/� Mn ���/�
Fe2+ ��k/� Ca ��T/� Ca k�T/� �p�/� Mg ��s/� Mg ���/�
Fe3+ ���/� Na ��k/� Na SS�/� Tp�/� Ca �k�/� Ca ���/�
Mn �kk/� K TS�/� K ���/� �ks/� Na ���/� Na ���/�
Mg �pp/T Na+K �kT/� Cations ���/S �s�/k K ���/� K ���/�
Ca �sS/� K/Na+K Ts�/� Ab ���/SS p��/Tp Sum ���/� Sum ���/�
Na ���/� Cations �pk/k An T��/k� k��/�p Type Calcite Type Zircon 
K ���/� Ab ���/�� Or ���/� s��/k

Cations T�T/�� An p��/� Type Andesine Oligoclase 
Fe_FeMg ���/� Or ���/Tp 
Mg_FeMg Tp�/� Type Sanidine 

Type Diabantite 
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Sample B300 B303 Samples B303 B303 Sample B300 B300 B303 B303 

Analysis Ts k� Analysis p� ss Analysis S� Tk �� k� 

SiO2 Tpp/S� ���/Sk SiO2 p��/k� s��/�s SiO2 sk�/k� TT�/k� ���/�� skS/k� 

TiO2 ���/� �p�/� TiO2 s��/� �p�/� TiO2 T��/� spk/� �ss/� TT�/�

Al2O3 p��/� pS�/� Al2O3 �ps/�k �TT/�S Al2O3 ���/�� ss�/�� ��T/�S ���/�� 

Cr2O3 ���/� �p�/� Cr2O3 kpk/� ���/� Cr2O3 �k�/� ���/� ���/� ���/�

Feo* T��/T S�k/k FeO* ��S/� ppk/�s FeO* S��/�� p��/�� ��k/�� �pT/�� 

MnO ���/� ���/� MnO ��p/� ��T/� MnO �kk/� �p�/� ���/� ��p/�

MgO kSs/�T SsT/�T MgO �k�/�� ���/�� MgO ��k/�� k�T/�k ���/s �ST/�� 

CaO �k�/�� T��/�� CaO ��p/� ���/� CaO Sp�/�� ���/�� ksS/�� �Ss/�� 

Na2O kk�/� SST/� Na2O �Ss/� k��/� Na2O ���/� s�S/� �Ts/� ���/�

K2O ��S/� ���/� K2O ksp/� ��s/� K2O T�S/� ��k/� �s�/� T��/�

NiO ���/� ���/� Total �Ts/�k �s�/�p Total �s�/�s Ts�/�s k��/�� ���/�s 

Total p��/��� s��/��� Oxygens �� �� Oxygens �� �� �� �� 

Oxygens T T Si p�p/S S��/S Si �S�/T ��S/T sS�/S ��S/T

Si �Sk/� �Tk/� Ti �sp/� kkp/� Ti �sp/� ���/� ��k/� �s�/�

Ti ��T/� ��S/� IVAl ���/� S��/� ALIV sk�/� p�S/� �kp/� s�S/�

ALIV �kT/� ��T/� VIAl �pS/� �sp/� ALVI ��p/� �k�/� S�s/� �p�/�

ALVI ��s/� ���/� Cr �S�/� ���/� Cr ��T/� ���/� ���/� ���/�

Cr ���/� �S�/� Fe2+ S��/� �kS/� Fe2+ ��k/� pp�/� ��s/� �kk/�

Fe3+ ��s/� ���/� Mn ��k/� ���/� Fe3+ k��/� pT�/� S��/� TS�/�

Fe2+ �Tk/� ��T/� Mg �s�/S pS�/� Mn ���/� ���/� ��p/� ��k/�

Mn ��p/� ���/� Ca ���/� ���/� Mg p�T/� ��s/� s��/� s�s/�

Mg s��/� s�k/� Na �p�/� ��S/� Ca s�T/� p��/� skS/� ppT/�

Ca s��/� spp/� K p��/� p�k/� Na TSk/� p��/� T��/� Tkp/�

Na ���/� ���/� OH- ���/k ���/k K ��s/� ��p/� ��s/� ��s/�

Ni ���/� ���/� Mg# s�S/� Sk�/� Sum p�s/�S TT�/�S skk/�S p��/�S 

Sum ���/k ���/k X(Mg) skp/� kps/� Mg# S�S/� s��/� ksT/� pk�/�

WO �ks/k� ss�/kS X(Sid) ���/� ���/� Type Magnesian 
Has 

Mg has 
Hbl 

Ferroan 
paragasite 

Magnesio- 
Has 

EN �ss/kT psk/kT X(Ann) ���/� �sk/�

FS pTk/�� ��S/p Type Phlogopite Biotite 

WEF pTS/�T ���/�T 

JD ���/� Ss�/�

AE sk�/� �p�/�

Mg# skk/� ssS/�

Type Augite Diopside
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Analysis G2 G6 G7-2 G11 G12-2 G13 G15—1 G20-3 G21-3 G23 REPG23 

SiO2 s�/Sp ��/SS S�/T� p�/Sp ��/T� S�/ST ��/T� k�/Sp ��/Sp ��/T� T�/S�
TiO2 T�/� p�/� SS/� T�/� Ss/� T�/� Sp/� TT/� Ss/� Ss/� ST/�
Al2O3 �/�S �/�k k/�S k/�T �/�S p/�T T/�S �/�S T/�k T/�S �/�S
Cr2O3 ��/� ��/� >�.�� >�.�� >�.�� >�.�� >�.�� >�.�� �/�� >�.�� >�.��
Fe2O3* T�/S �T/T �k/k Ss/k ss/k p�/k sS/k Sk/S �k/S sp/k p�/k
MnO ��/� ��/� �S/� �s/� �s/� ��/� �p/� ��/� ��/� ��/� ��/�
MgO pT/� ��/k ��/� �S/� sp/� s�/� ��/� ��/� �p/� S�/� kp/�
CaO �s/S ��/T �S/� �p/k ��/� ��/k kT/� pp/k kT/k k�/k �p/k
Na2O s�/� k�/� ��/k p�/S ��/S p�/S S�/k T�/� k�/� s�/� p�/�
K2O T/� S/� �/k s/� �/� p/k S/� �/� p/k s/k s/k
P2O5 ��/� k�/� ��/� �p/� �T/� �T/� �T/� ��/� ��/� �T/� �p/�
LOI �s/� ps/� sk/� kS/k T�/� ��/k �s/� Sk/k ��/� �p/� ��/�
Sum k�/�� ��/�s S�/�s p�/�� ��/�p S�/�s ��/�s ��/�s ��/�T ��/��� s�/�p
Ni kS S� �S �� �p �k �s �T �� �T �p
Co S�/�p k�/�� ��/�� s�/�� s�/s ��/p k�/�� p�/�S ��/�S T�/�� ��/��
V ��p �kS �� ��� pp �s ss ��� �s �� �S
Cu S� p� T� Tp k� S� �s S� kk kS kS
Zn Ts pS p� �p� T� ��� TT p� T� TS ��S
Sn k k � � � � � � � � �
W >� � � � � � � � � � �
Mo >� � � � >� >� � � � � �
Ag >� >� >� >� >� >� >� >� >� >� >�
Rb s�/S ��/T ��� �k/� p�/s ��� �T/T �S �Sk �ST �ST
Cs �/T k/S S/s �/s �/T �/S �/S S ��/S s/k s/k
Ba s�� p�� Ts� TT� pk� ��� s�� sp� sS� p�� pp�
Sr ���� ���� �k�� ���� ���� s�� ��p� �Ss� ��k� ��p� ��T�
Ga �s �s �� �� �T �p �� �� �� �� ��
Ta S�/� ��/� T�/� s�/� s�/� s�/� T�/� s�/� p�/� p�/� p�/�
Hf S S S T T T S T S S S
Zr �Ss �sS �s� ��� ��� ��� ��p ��� �s� ��� �s�
Th p/T �/s k/� k/�� T/�� S/�� �/�� k/�� s/� s/�� k/��
U �/�p ��/� ��/� ��/� �p/� pT/� ��/� pk/� ��/� �s/� sk/�

Nb �� �� �� �� �� �� �� �� �� �� ��
La p�/�� p�/k� p�/�� ��/�S T�/�T S�/�� s�/�� ��/k� T�/�T s�/�S p�/�T
Ce S�/Sp ��/s� ��/Sp T�/p� ��/p� ��/pT ��/pS s�/p� ��/p� p�/Ts k�/T�
Pr �p/p ��/�� pk/T sp/s pk/s T�/s �p/s S�/� �k/s ��/s �k/s
Nd ��/�p s�/k� ��/�S ��/�k ��/�� k�/�� S�/�� s�/�T ��/�� ��/�� T�/��
Sm S/� T/p �/k �/T �/T �/T �/T s/T S/S S/S �/S
Eu ��/� s�/� �T/� ST/� ��/� k�/� S�/� Ts/� k�/� �s/� ��/�
Gd �T/k �T/T S�/� ��/S ��/S �s/S TT/k s�/S p�/k ks/k pT/k
Tb Ss/� p�/� k�/� pk/� p/� s/� Tk/� ps/� Tk/� TT/� Tk/�
Dy ��/� ��/k sS/� p�/� pp/� s/� T�/� ��/k kT/� �S/� k�/�
Ho T�/� p�/� T/� ps/� p�/� s�/� p�/� sT/� p�/� p�/� T�/�
Er p�/� �p/� T�/� �T/� �/� �S/� sp/� �s/� �k/� pT/� �T/�
Tm �p/� ��/� �k/� �/� ��/� k/� ��/� �k/� �s/� ��/� ��/�
Yb p/� �/� T/� � s/� � � �/� s/� �/� s/�
Lu �s/� ��/� �k/� ��/� ��/� k�/� ��/� �S/� ��/� �/� ��/�
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� �! :�C ��4$ �.$�
$ �+�,- �� ��H,� �
 6��>D�+ .�!

6G9�� .$�
$ ��$� �$�K ]���[.6&'(]k[c K� 6),2 �,�@ �� 
6G9�� .$�
$���H,� 6
�)- ���� �G
 I&'2 !$ �#�2 $� )�$�

� �! ��� �+�� .�+�,-��X :�&M�9$&,*4 ]S[��+��2�-
�76� R�� I���$ j +�� !$ �3G< $� ��H,� �
$ �&D 6$ 
]�&*�$��[V�&D �2����5 ;��R)�$.

��H,�6E�� �� � 2 6��>D�+ �U� !$ �+��2 ��&� �>+$� 
��G2 �
&9 E�����G2 G��)����� E�� (E�� � N�C- ��

�,C9�4–8
���$ )=��2� 2 E�� (��$� �$�K ;&,< �� .E��
E�� !$ �9 .���@&A �+$ 6G9�� .$�
$ O�� �� �2 � �'0$ 6�7

��H,� !$�� �&L( �+��2 ��&� 6),9 .E�� !$ O�� �(�	 6�7
�� ��H,� ��E�� �2 .$&4 ��&D � I���$ N�C- ��	�*��9 6�7

K�- N�C- )��� �2�–2�B ;&,<����-$ �9�]T[..&C,D�
1,+ ��H,� ���#/#45 6�72 �>#E�� �
$ )��� !$ �7@ ��6

��),9 .�#�� 6�� �2 ��H,� �
$ � ]K&� � ]K&� � .$�
$ 6
E�� E*- �� �7�.�#� �)- ��$�$)�.

1,+ �+ �  ]4 ��&� ���#/#45 6�7+��2��2m�� K-
Ar S�N�+ .& ' � )�
�
! �+&3$V��� � (�2 $� ��$� �+�

 �+$]p[.1,+ �
$ 6�7��#/#45�;�B N�C- �� �+&3$ 
��&4)��$� �$�K ��&D �&9 � �	�*��9 6b&/� 6.�(&Ca� 6

�(&Ca� �2 ;�B N�C- !$ G � �	�*��9 6b&/�6I���$ ��&���� 
�� ��)W�� �! l+&4 �9 �&- �	�W� � �
� � �+�� .�+�,-

]s[)�� - �+ �  ]4 _�+$�2 m�� �2 �7Rb-Sr �skS 
N�+ .& ' � (�)- ��$� �L�� �
�L��9�@ �2)�$ .1,+ 6�7

 �9 I���$ �> �& 	$�2+� �'6�(&Ca� ��&���� 6I���$ 6�7
�)- �)��-&@�C
)K �)�$1,+ �
�4�7�� ;&�W� ��H,� 6-

)�&- .1,+ �� � �+�4�9 6�7)�!�+ 6�� �+&3$ ���#/#45 6�7
��&���� 6��$&� )��$� �$�K I���$ 6�7)E*-�.(

>?�@�#�� � �! 6�)- ���+ �+�,-��H,� 6.���@&A ;�B ;&,< 6).��/0$ .�>+$ f�- N�C-(.
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�2$�4 ��'� .$�
$ �+�,- ���9 � �+�,-�&'2 �'a� k��

� �!��H,� �+�,-6/'>�� �$�	$ l+&4 f),< �4 I���$ �
+��2��)- �+$ ..$��*C7 � .�
)CR$]�[1,+ �(&Ca� 6�7

�)
)@ !$ �*
 $� I���$ f�- N�C- �� JK$� �	�*��9 = �&4&'@ -
.$�
$ 6��>D�+ .�! �� ��� @ �
$G7&9 �2 �>�2$� �
�C��� 6�7

 ��� � �+&3$ �2 $� O� �&4&'@ �
$ �$)D� .��! � �>��$� 6G9��
�� �L��),7� ..$����2 � ,�C7]��[� �! � ]K&� �+�,-

1,+ 6�7��#/#45���H,� �+&3$ 6.$�
$ �� .$�&L9 .�+��( 
� ���$ �
�C��� .�C9 �2 �L�� $� 6G9�� Vl W� =
 �� �>D� 

�+$ �>	�� �U� �� _&K �#@ .6�� +]��[�'( ��#/#45�
��$�$ � h >4&o� Y�$���	 �2 $� I���$ N�C- �+&3$6��&D�2 

���K�+&3$ .��! �� 6$�+$ ��$� �L�� .

���.�B	��	�5 ��%� '��
1,+ �X �9 .���@&A ;�B ;&,< �� �+&3$ ���#/#45 6�7

���9 .$�&	 !�	 ),A�2 )�$�!$)� :�&01,+ � �7 6�$�5�b5 6�7
)��$� �G���2 ._�+$�2+��2��761,+ >-�"��1,+ �
$ �6�7

 6) +$ ��>L�� j X �� �
� C - 8 9�4 �U� !$ ���#/#45 �4
�� �$�K l+$� )R)�� � .1,+ �C � �4 ���#/#45 6�7

 ��&2 � +$� � �
!)�5 �9$�4 ��
!)�5 E��- ��H,� ���#/#45
� �&�! 6��R �D�2 �9 g&4 � �!$)� !$ �
�7>�7),.�
!)�5 �7

��$� ��`>D$ �&D �2 $� ��$�$�	 �
�># 2)�$ .1,+ 6�7
2 � � 	&4 ��",+ g&4 E��- G � ��H,� 6�$�5�b5 �	&4 m�

 �2 E
�C>�D�+),.�	�2 �= > ' 9 �3&@ �6� 	�&@ � U� �
�7
1,+ �� ���
�< � ���2�B �6� 	�&@���&'� t
$� ��H,� �
$ 6�7

�+$.
���9 �U� !$1,+ ��+�,- �G4�$&9 E��- ��H,� 6�7

���9 � !?9&
P?@ �O +�>@ ��M+)'	 �� 4& 2 .&�C7 = 	�� 6�7
 N&L /�5 � ��9�� @&, '9*#4 � E�)7� .���9 �
$ �(�	 6�7

1,+ �7� >,"� � �/+$ �� 4�@5 ��9�
! !$ ),4��L( .� ( ��
 6��$&� �� � G4�$&9 �� �'9 ��
�'9 !$ 6G A�� �
���� N�R

���9 .$&,( �2 � ,7�@1,+ �
$ �� �
&��Q 6�7�� O#A �2 �7-
��&D.

G ���5 t
�>��
-!$��@ G����9 6�� �2 �!?9&
P?@ 6�7
�5 8 9�4 !$ E0�R t
�>� ��$&�C7 �"�� 2 � 4& 2 � N&L /

���9�+$ 1,+ �C -&3P �2 �+�,-.�$�&C� _�+$ �2]��[

��9�� @.5 8 9�4 � ��&2 ��9�� @&, '9 n&� !$ �7 !$ �7
�
P�$ �4 ) �@&
� (Mg# 0.84-0.94)�+$ .�+&� ��.�
$

4�,2�9 ��$&� 8'B$ �� ���+��� �Q$ �2 ���9��,4 � �)- Y�2 �-
.5 !$ �
�7�
�� E2�K �7$)�)E*-�.(

��� �2�,26),2 ]xw[N&L /�56�7 �
$ �(&Ca�  �'9O�$� 
��&2 �8 9�4 .5�7!$� �", >+�7&
G,"� (Mg# 0.54) �4

�
G,"� � �", >+�7 (Mg# 0.80) ��
!����@��	 ���  �4 
�+$)E*-v.(�
$ ���9 �2:�&0 E�-�$� ��21�� GL+ ��
�
$ 1,+�7�)
� ���&- .� ,�C7 ���D�2 !$.5�7

��H,�6),2 �2Y7�9 �75 �Y
$G	$ O
G ,� !$G9�� �2�� -�R 
����&D �a 'D � -�R ��	�2 ���2�B E2�K �
��$)�.

�$�&C� _�+$�2]x�[�4 �
!)�5 !$ �7!?�&
P?@ 8 9�4 
!?9&" �$)An 18-39% (��$&� �D�2 �� � ��&2 .�+&� �� 

��H,� �7�� � ���+&� 6),2.��$��� .�#� �&D !$ 7�,).
:�&0 ����&D � N?W�$ �7!?�&
P?@ .��� �� � ,�C7

�	�2 � �>	�� �+$ �
�� E2�K 6& 9�@$� �>�5 � ���2�B .�
$
���9 � � ,7�@ �� �'9 ��
�'9 �2 ���+��� �Q$ �2 ���9 6�7

�)- E
)L4 �+� )�$)E*-wj�$.(
��M+)'	  +�>@O���
$ 1,+�7�$��9$ ���>���6�
) ��+ 

)65 -69% Or (��&2 ��># 2 �2�, �! ��)W� ��)�&- .
�7�� �-�� 6�7�&'2 .5�76$�$� � -�R6:�� ���LB �&�5)�

)E*-wj�$.(
1,+ �
$ �� �&<&� 6�7�* � �7��� �2�,26),2 ]�S[n&� !$ 

� 4& 2(Mg# 0.54-0.58)!$ � @&�&'	 �4 
(Mg# 0.75-0.90) >�7),.�2 ���9 �
$:�&0 O��+ �2 �

� -�R61,+ �� �>D&+�
�7 ���+��� �Q$ �� �9 ��$� �&<�
�)- E
)L4 �
�'9 �2 )�$)E*-�;(.G
� :�&0 �� �2 G4�$&9

�� �)
� JX��� �� �&'2 �-�� � �&'2 6�7�&'2 �-�� �9 �&-
 8'B$ .5�2� -�R �76�2
�))�$ .���9 4 6�71,+ �
$ �� �� �7

�2���9 �-�� 6�7�&'2 �� N�D�$ :�&0 �� �
 � �
G ,���	 6�7
�� �)
� �� CD&-�.5 8 9�4 �9 )�� >,"� �� 4�C7 E��- �7

�+$ � ,C'
$ � � >,"�&��> 4 .���9 �2 ��?( ��9�
! ��� 4 6�7
1,+ �
$ �� G � � 4�@5 � �/+$�2 �7 E2�K �(�	 ���9 .$&,(

�
��)�$ .
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)'<vv���C- �w��@ 
Gxwyw 1,++�,-�1,+ ;�B ;&,< �+&3$ ���#/#45 6�7. . .k��

>?�C�$�&C� N&L /�5 6),2 O ��4 6�7 �7]��[��9�� @&, '9 �
� C - 8 9�4 �6�7]��[1,+ 6�7��#/#45�.�u��@&A ;�uB ;&,< �+&3$ 
��'�� �$�&C� ��Wo-En-Fs.

ب  الف
>?�Dj�$ .1,+ 6�7��M+)'	 8 9�4 Y
�C� 6�7��#/#45���'�� �$�&C� 6�� �2 .���@&A ;�B ;&,< �+&3$ An-Alb-Or ]�k[;.�$�&C� 

O ��41,+ 6�7�* � 6),2 6�7��#/#45�.���@&A ;�B ;&,< �+&3$ ]�S[.

��� ��%���4��
>�1,+ �
$ �
� C -&3P 6�7G ���5 !$ E0�R t
��� .�#� �7 -

�$)�� �9 )7�SiO21,+ �
$ �7�/SS �4 �/T� )0�� �+$ �9 
�),7� .�#�61,+ �
$ .�&2 l+$�)R�+�7 .Al2O3�
$ �� 

1,+ !$ �7�/�k �4 p/�T )0�� �1,+ �2 =
�G� 6�+ 6�7
 � �> �&-&- �
�C���*75�V'K ��
�+$ .TiO2+ �
$ 1,�7

!$SS/��4p�/�.5 �$)�� .�&2 �>C9 8L+ �2 �9 ��&2 � �>� �7
�)( !$��4 �> �&-&- � 7�� �"�� 2 *75�V'K ��
1,+ �
$ 

�7�+.

E*- ��k); � j�$ (���%�� � 6),21,+ 6�$�� ��&� 6�7
+��2�m�� _�+$ �2 ]�T[�� .�#��9 )7�2 �># 8 9�4 
��&C� �� �7��>��6��
!)�5 � �&
� � � +$� ��
!)�5 �9$�4 

�� �$�K�� �.
�+��2 �2 Z&2�� 6�7�$�&C� !$ ���/>+$ � �
� C -&3P 6�7

 �
�C��� 6�+ �  ]4]�p[G � � .�#��)7�1,+ �
$ �9 �7
�2 �
�C��� 6�+ ��'K ��
'K �L- �4  ��
�>�2$� )�$��),-�2
)E*-k:.(6�7�$�&C� ��]�s���[��&C� G � �76�+ �2
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�2$�4 ��'� .$�
$ �+�,- ���9 � �+�,-�&'2 �'a� k��

�� .�#� E
�C4 �> �&-&- ),7�)E*-k� � �.(1,+ �
$ �7
 �U� !$"�&"A��%& , �&�5),��#D� �L-]��[)E*-k�.(

��&C� �$�&C� �� �7AFM ]��[*75 �2�V'K ��
�C4 
E
)��$�)E*-k�.(1,+ �
� C - 8 9�4 !$ ���/>+$ ��&� 6�7

 _�+$ �2 �$�&C� O+� � �+��2SiO2� �� �L��2K2O/Na2O
�� .�#�1,+ �
$ �9 )7� �2 E
�C>� 6)+ � 7�� 6$�$� �7

 �+�>@>�7 ),]��[)E*-k�.(

; j�$ 

: �

��

� �
>?�E�),,9 �  ]4 ;� j�$ 6�7�$�&C� 1,+ %�� 6]�T[�
�C��� 6�+ �),,9 �  ]4 � � � �: �� �]�pV�����[O u+�>@ .$G � � �]��[� �

%& , �&�5 � ]��]��[1,+ �� &A ;�B ;&,< �+&3$ ���#/#45 6�7.���@.
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)'<vv���C- �w��@ 
Gxwyw 1,++�,-�1,+ ;�B ;&,< �+&3$ ���#/#45 6�7. . .k��

6�� ;� C9 � �'0$ �0�,( �
���� :$�  �4 �2 �<&4 �2
 �9��7 6�7�$�&C�]��[)- %&']��'0$ 6�7) �9$ �9 

Na2O,Al2O3�
$ :$�  �4 )��� � )��$��&D�2 �
[�2 ��$�$�	 !$ 
�2 �L�� �0�,(SiO2�+$ 6�&]0 � �HD .�9 ���R ��

6�7) �9$Ti2o,CaO,MgO, MnO, Fe2O3,P2O5$G � !$ .
.5 )��� � )��$��&D�2 6�>C9 �2 �L�� �7SiO2���G� 6)��� 

�+$)E*-S.(
�
���� Y7�9MgO �,CaO ,Fe2O3MnO �TiO2�2 

�$)�� Y
$G	$SiO2���#� 6�	�# @ $)<
Y� �
�C��� 

���9 �CaR �L�� Y7�9 �
G,���	 6�7)�N&L /�5 ���9�� @
��9�� @&, '9 (��)9 � ��$ )� ,C'
$ (�+$.

�&>W$6P2O5��&C� �� �&<&� �7!
��CaR �L�� N�>,9 
��&C� �� � 4�@5�7�+.

�),,9 ) 
�4 !?9&
P?@ �CaR �L�� Y
$G	$ 6"�&"A�
�#
$G	$ Al2O3�2 �L�� �L�� 8 - �2 6)��� �SiO2��$� .

�
���� Y7�9Co ,Cr ,V, Ti ,Nb �2 �L�� SiO2���#� �76
�	�# @$)<
Y���9 � 6�&'2 .�> 4 � O
G ,� � �75 6�7

)��$� .

>?�F1,+ �9��7 6�7�$�&C�.���@&A ;�B ;&,< �+&3$ ���#/#45 6�7.
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�2$�4 ��'� .$�
$ �+�,- ���9 � �+�,-�&'2 �'a� k�k

1,+ �
$ �
�),9 �2 �L�� 6!�+��a,�2 �$�&C� �� �7
]�k[�,B � �>-$� 6�>C9 � ",+ �9�D ���� �0�,( .$G � �

�#� $� =L+ �9�D ���� �0�,( !$ �`�#� ��)-�� .),7�
)E*-S.(��&C� �4&L*,( �$�&C� �� �+��2 ��&� 6�7

�>-&� �2 �L�� 6!�+��a,�26� ��$ ]�k[2 ��a,�6�/,� 

�0�,(Ta, Nb, Ti �Sm �0�,( �L�� �LILE E��- Rb, 
U, K, Sr�� .�#� $� ),7�)E*-T.(

� ]K&� �  ]4 �&U,� �2�! �>D�+�6�7�$�&C� !$ ]�SV
�s[���/>+$-)..5 Z�L4�$ � �
$G7&9 � 7�� �7�$�&C� �
$ �7

��&C� 6$�2 $� ���#/#45 _&K =
 �27�� .�#� �),7)E*-p.(

>?�G��a,�2 �$�&C� �)- �
�),9 �2 �L�� .���@&A ;�B ;&,< �+&3$ ���#/#45 6�7 1,+ �9�D ���� �0�,( ]v�[6�`u,( )u,A �$�&uC� �
��a,�2�)- �>-&� �2 �L�� 6� ��$ ]v�[.

; j�$ 

: �

�
>?�H� ]K&� �"�� 2 j'>�� 6�7�$�&C� �! �>D�+�1,+ j�$ .���@&A ;�B ;&,< �+&3$ ���#/#45 6�7 ]�S[; �]�T[� �]�s[: �]�p[�

�]�s[.
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)'<vv���C- �w��@ 
Gxwyw 1,++�,-�1,+ ;�B ;&,< �+&3$ ���#/#45 6�7. . .k�S

' IJ, ��.�, 

1,+��>�� �� .���@&A ;�B ;&,< �+&3$ ���#/#45 6�7 6

�� �$�K � +$� �4 �>�$!�2 �
!)�5)�� � .�2�,2 6�7�$�&C� 

�>-&� �2 �)- ��a,7 �2 �4&L*,(� ��$ 66�1,+ ��H,� 6�7

 !$LILE �0�,( !$ � �)- �,B HFS�)- ��4 �
$ �9 )�$

+ �D�-1,�+$ ���#/#45 _&K �2 �>�2$� ���##/#45 6�7

]��[.�2 �	�X !$ �0�,( �/,� 6��a,7Nb, Ti, Ta �,B �

���� �0�,( !$ ��)-LILE�� �$&4,E*- �"��#� )6� �

1,+��H,� �� �76Y�$���	 ��&2 �>	�� �#
� �2 �' �� �

�)���5 �&<� �2 6�C���1,+ �
$ 6�>-&� =
 !$ �7 �,B 6

�)--�2 Y�$���	 .�! =
 6[�2 ��,)]��[.O9 �$)��Nb, 

Zr, TiO2�0�,( !$ ��)- �,B �LREE �0�,( �2 �L�� 

HREE1,+ �
$ �">�2$� �
�C��� 6�+ �2 �7*75�V'K ��


�� .�#� $�)7� .�� � ,�C7 1,+ �9 )-�2 �
$ �"��#� )�$&4

 ���� �0�,( � ��&2 ��9�� @ � E, M+$ 6$�$� �C��� ���� �9�D

 � �>-$� �"� �&D�� $� � ",+ 8<&���&C� ��)- ��4 6�7
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