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?2P ,�� ��J% ,���D�5�B ���, ���/�
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��'61]� ��5�*B ��
��I��*
� �#�$% ���/ ) �#�$%�125 �2Z� ��R

;��E&�/)*'-1$'2/ ��15 �1+*+� �
 &
�aI �#�*5 ���1J� �
*F'-�D� �� �1P1� ;�E �:�'5 �'�1'	� ;�E]��[.

<�� !
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=.

;��F���/ O'/*B �#�*5 ���1J� �
*F'-�D� �� �1P1� ;�E �:�'5 �'�1'	� ;�E.jz��(&�z/)*'-1$'2/ ]�s[`(�z'-1+12	]�s[�(�z
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?2P ,�� ��J% ,���D�5�B ���, ���/�
*F'-�D� �J'%18. ) �#�$% �'�1'	� ;�E. . .���

G�/"+&�/)*'-1$'2/ ;��DW�# K1�*	 &''QB ) ;� �h�� <'���I �
�D��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ,�Ts�  �R� T�/��  R�/� ss/� ��/� �s/� ��/� �,/�T  ��/,�  sR/� ��/� Ts/���  Diopside 
B ,�Ts�  �R� R�/�,  ��/� ST/, ��/� RS/R �S/� T�/��  ,�/��  S�/� �T/� ,�/���  Augite 
B ,�Ts�  �R� SR/TS  ��/� ��/� RT/� �T/� ��/� ��/�T  ��/,�  T�/� ��/� �T/�R  Diopside 
B ,�Ts�  ��� RT/��  �s/� ��/� �T/� �R/T ��/� ,T/��  ��/,�  �s/� ��/� s�/���  Diopside 
B ,�Ts�  ��, T,/�,  ��/� ,�/� ��/� ��/R TS/� ��/��  ��/,T  ��/� ��/� �S/���  Diopside 
N ���� ,S s,/��  �S/� s�/� sT/� �,/T �,/� R�/��  sR/,,  �T/� ��/� �S/���  Diopside 
N ���� ,� s�/��  �R/� R�/, ��/� ��/� �,/� �R/�s  R�/,�  sR/� �,/� R,/�S  Augite 
N ���� �T �s/T�  �T/� ��/T ��/� ��/� ��/� ,T/��  RT/,,  T,/� ��/� ,�/��  Diopside 
N ,��� �� ��/T�  T�/� ,,/� Rs/� ��/� ��/� s�/�T  T�/,,  �S/� ��/� ��/��  Diopside 
N ���� T� R�/TR  �T/, S�/T ��/� TT/� �T/� �S/�T  TS/,,  s,/� ��/� Rs/�R  Diopside 
N T��� T, �R/TS  �s/, S,/� ,�/� TR/� ��/� ST/��  R,/,�  ��/� ��/� ��/�R  Diopside 
N s��� T� ,�/TR  �T/� T�/� RT/� �R/T �R/� ��/�T  RR/,,  �s/� ��/� ��/�R  Diopside 

Structural formula based on the 6 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ,�Ts�  �R� RT�/� ���/� ��S/� ���/� ���/� ���/� ��S/� ��T/� R��/� �,�/� �TR/� ���/� ���/T
B ,�Ts�  �R� �T�/� ���/� �s�/� ��R/� ���/� ���/� ,�S/� ��,/� RTR/� S��/� ��,/� ��,/� ��R/�
B ,�Ts�  �R� S�T/� �T�/� ,�s/� �,�/� �,�/� ��,/� �s�/� ���/� SRT/� ���/� �,�/� ���/� ���/T
B ,�Ts�  ��� R��/� ��,/� �T�/� �,�/� ���/� �ss/� �Rs/� ���/� R,�/� ���/� �,�/� ���/� ���/T
B ,�Ts�  ��, ���/� ���/� ���/� ���/� ���/� �S�/� ���/� ���/� S,T/� �S,/� �,,/� ���/� ���/T
N ���� ,S RRT/� �,s/� ��s/� ���/� ��R/� ���/� ���/� ��T/� Rs,/� RRS/� �,T/� ���/� ���/T
N ���� ,� R��/� ���/� ���/� ��S/� ���/� �R�/� �RS/� ��T/� R�T/� R�T/� �T�/� ���/� ���/�
N ���� �T R��/� �T�/� �sS/� ���/� ���/� �RS/� �sR/� ���/� RT�/� ���/� ���/� ���/� ���/T
N ,��� �� R,�/� ���/� �SS/� ���/� �,�/� ���/� ���/� ��T/� R��/� R��/� �,S/� ���/� ���/T
N ���� T� R��/� �ss/� �R�/� �,s/� ��T/� �s�/� ��s/� ��T/� SRS/� R�S/� �T�/� ���/� ���/T
N T��� T, SR�/� �RT/� ,��/� ���/� ��S/� �T�/� ��,/� ��T/� SS,/� RR�/� �T�/� ���/� ���/T
N s��� T� S�,/� �T�/� ,�R/� ��,/� �,�/� ���/� �sT/� ��,/� R��/� ���/� �,s/� ���/� ���/T

Sample B ,�Ts�  B ,�Ts�  B ,�Ts�  B ,�Ts�  B ,�Ts�  N ���� N ���� N ���� N ,��� N ���� N T��� N s���
Point �R� �R� �R� ��� ��, ,S ,� �T �� T� T, T� 

Mg# ��T/� S�s/� �,�/� ��s/� SRR/� RRR/� ���/� �,�/� RR�/� RR�/� R�T/� �,s/�
Fe# �ss/� ,�T/� �S�/� ��T/� ,�,/� ��,/� �R�/� �S�/� ���/� ���/� �Ts/� �ST/�
WO s��/TR  �,�/T�  �T�/T�  ,R�/TR  ,��/T�  ��,/Ts  ���/T�  ���/TS  �,S/TS  ,S�/TR  �ST/TR  sT�/TR  
EN RST/T,  ���/TT  S��/T�  �R�/T�  sT�/�s  s��/T�  ��T/TS  �sS/Ts  �s�/T�  �s�/T,  ��R/T,  �ss/T,  
FS T�s/R ���/��  ST�/R ��R/R �T�/�T  T�R/S ��s/R ,R�/R ���/R ��s/� s,R/� �R�/R
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�'%�6;���/ &
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)CF%��.(

�h�� <'���I�'-1+12	 ;� ?$E� ��"� �E;��?��Mg# 
)SsT/��BSR�/�(�I ���E�#)CF%�`.(���/ &
�

 *
���� ;���� &'$oJETiO2)FeO* O'B*B �5 ),�/S�B
��/R())�T/R�B�S/�� (?$D�E ��() ?���)K)?P,.(
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1 :�
��/ &����/ (�&
� �� �1P1� �3*	 ) �'�)� ;�E 
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�� ��"� �� ��() ?���E�$?)K)?P�.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             7 / 16

http://ijcm.ir/article-1-319-en.html


��'61]� ��5�*B ��
��I��*
� �#�$% ���/ ) �#�$%�125 �2Z� ���

8	���
�� :�#�*5 ���-1F#)*F'� ;�E�&
<!
�P &'D��-*# 
&
1'���
*F'-�D� &
� �� �1P1� ;�E �E%�#�  ?)CF%��j�� 
� �� .( <'���I (� C��6 �
�D� p�#� *5XRD��1J� �I ��E �D

�E M$# &
� �� �1P1� &'D��-*# ���/ ��$B �
�1+�#.���/ -
C'F"B ;��� p�#� *5 &'D��-*#  )*+ ;�E��K��QB �E;;(�	

 �31$D�?���� ��*> .��1+*+� �	*"'- K1]i� �
�1+ �D�I
�'6���� ��Z
� C'B)<
*� ) �
���<'� (� �� �#� ;�1%�]��[.

�h�� <'���I &
� �� &'D��-*# ���/ ;� *
���� �E �
*F'-�D�
Mg#)R�R/��BRSs/�()Al2O3)TS/��B�s/T(��() ?���

�� ��"� �� ?E�)K)?PT.(

G�/"2�h�� <'���I �
�D��'-1+12	 ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ,�Ts�  �S� ��/�S  �s/S sS/�T  �,/� s�/R �s/� ��/�S  ��/� �S/� ��/R ,R/��  Phlogopite 
B ,�Ts�  �RT S�/�S  S�/S ��/�T  ��/� sS/R ��/� R�/�S  ��/� ��/� T�/R R�/��  Phlogopite 
N ���� �, ss/�s  ��/S ��/�T  ��/� �T/R ��/� �s/�S  ��/� ��/� ss/S ��/�T  Phlogopite 
N ���� �� �R/�s  ��/R R,/�T  �,/� Rs/R �S/� �S/�s  ��/� �R/� �R/R ��/�T  Phlogopite 
N ���� T� SR/�s  sS/S RS/�T  ��/� �R/R ��/� ��/�S  �T/� �T/� ,�/R T,/�T  Phlogopite 
N s��� �� �s/�S  ,�/S ��/��  ��/� �S/��  �S/� ,�/�R  ��/� ST/� ��/R R�/��  Phlogopite 

Structural formula based on the 22 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ,�Ts�  �S� T��/� Rss/� ���/, ���/� ���/� ���/� �T,/� ��S/� STT/� ���/� ���/� ��,/� �R�/��  
B ,�Ts�  �RT T��/� R�T/� T,�/, ���/� ���/� ���/� �T�/� ���/� R,T/� ���/� ���/� ���/� T�R/��  
N ���� �, ���/� RsR/� T�R/, ���/� ���/� ���/� �T,/� ��T/� ��R/� ��,/� ,R�/� T,�/� �RT/��  
N ���� �� ��s/� R��/� �ss/, ���/� ���/� ���/� �R�/� ���/� S,�/� ���/� ���/� ��s/� T��/��  
N ���� T� �SR/� RT�/� �s�/, ���/� ���/� ���/� �T�/� ��s/� S��/� ��S/� ,�T/� ���/� T��/��  
N s��� �� T��/� SRS/� ��s/, ���/� ���/� ���/� ,,�/� �,�/� �T,/� ��S/� ,�R/� ��S/� TSR/��  

Sample B ,�Ts�  B ,�Ts�  N ���� N ���� N ���� N s���
Point �S� �RT �, �� T� �� 
Fe# ,�R/� ,��/� ,��/� ,,s/� ,,�/� ,�s/�
Mg# SR,/� SR�/� SR�/� SST/� SR�/� SsT/�

G�/"B�h�� <'���I �
�D��'B�-I ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ��Ts�  ��� ,�/� ��/� ��/� ��/� ,R/� �,/� ��/� R�/��  ��/� ��/� R,/�,  Apatite 
B ��Ts�  ��T ��/� ��/� ��/� ��/� ,�/� ��/� ,,/� ��/�,  ,T/� ��/� �T/��  Apatite 

Structural formula based on the 25 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ��Ts�  ��� ���/� ���/� ���/� ���/� ���/� ���/� ��T/� ��R/� �,�/� T�R/,T  ,��/� ���/� �,R/,�  
B ��Ts�  ��T ��S/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� �T�/� �T�/,T  ,��/� ���/� �TT/,T  

G�/"E�h�� <'���I �
�D�&'D��-*# ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
N ���� �� ��/T�  ��/� �s/T ��/� ��/R ��/� S,/�,  ,R/� �s/� ��/� S�/Rs  Serpentine 
N ���� �� ��/T�  ��/� TS/� ��/� �,/S ,,/� ��/��  �R/� �T/� �T/� T�/RR  Serpentine 
N ���� �� �R/T,  �,/� ,�/� �,/� ��/� ,�/� �T/��  ,R/� �s/� ��/� T�/Rs  Serpentine 

Structural formula based on the 7 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
N ���� �� �Ts/� ���/� ,��/� ���/� ���/� ���/� �T�/� ���/� ���/, ��T/� ���/� ��S/� ���/T
N ���� �� ���/, ���/� �R�/� ���/� ���/� ���/� ,��/� ���/� ���/, �s�/� ���/� ��,/� R�s/T
N ���� �� ���/, ���/� �RS/� ���/� ���/� ���/� �s�/� ��,/� ,�S/, ���/� ��s/� ��s/� RS,/T
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?2P ,�� ��J% ,���D�5�B ���, ���/�
*F'-�D� �J'%18. ) �#�$% �'�1'	� ;�E. . .���

�	���
 :(�	  �*D�+ *'x�B *x� *5��%;M$# &
� �� ��E
�E �I �� �1P1� �'�)� ;�E(H/1
.H-��D'$E*- ?$
�*	 �l 

�5 �?% ?% C
?LB �'$E*- �5 C��/ �1l ?��)CF%�\ �� .(
���6� :���/�P�� ��1+*+� ?$
�*	 �l ;�?QD� ;�E;&'
�- 

�� C
?LB �
*2/ �5%1��
*2/ &
�*5�$5 ?�� �E ;���� ?$��1B
O'/*B�E;?$%�5 �31$D� )K)?P�.(�-1F#)*F'� �#�*5 ��

M$# &
�  ?% ��#*+� ;�E(H/1
.H- �%�16 �� �
*2/ ��E
)�'$E*- (�'%�6 �� <'� );&
1'�� GH��/ ;�E ?% �$'D��-*# -

;��  ?
� M$# �$'�( �� �1P1� ?�1%)CF%��.(<'���I
�h���
*2/ ;� �'$'$- ) *2/1$'2/ �1P) (� �/�6 �1P1� ;�E

 *
���� �5Mg# O'B*B �5 )RT�/�())R��/��BRs�/�(�#� 
)CF%��(],�[.G�L��X *2/1$'2/�'%�6 �� ;;�E(H/1
.H- 

�$'�( �� <'� �'$'$- )  ?% ��#*+�;���� �1U6 M$# .
G�H	I�1 :���/ (� (� C��6 ;�E��#*+���1+*+� )&
� �� �

�
*F'-�D��#�E .�#�*5 p�#� *5  )*+ )� �-1F#)*F'� ;�E
M$# &
� �� K1L'��I��� �1U6 �E�C��% �/ ?:

��K1L'��I �'%�6 �� �/ �
�E;�zW*5 (�&�z/)*'-1$'2/ �zE
 ?���� ��*>)CFz%��.(K1zL'��I &z
� �z� �zE K1]zi� ?z$��1B

 zE �z�1J� &
� �� �1P1� ;�E &�/)*'-1$'2/ ���#*+� ?$z%�5 �.
K1L'��I &
� �J'% �#�*5 �� ��"� �E ���z/ &
� �/ ?E� (� �zE

 �D'�1z�*B ?$2L��1E ) �'�1$'D/� ��'�1�*B C��% ) 7'�2/ �1�
 *
��zz�� �zz5Mg# Ozz'B*B �zz5 )��S/��zzB�,s/�(�)SR�/�()

)�,�/�(�#�)CF%�\.(
,�K1L'��I &
1'�� �)�� �/ �
�EGH��/ ;�E  ?% �$'D��-*# 

	*+ ��*>�D?��)CF%�� �` �j�� .(�h�� <'���I���/ &
� ;� �E
�� ��"�K1L'��I &
� �/ ?E�*
���� �5 �'�1�*B �1� (� �E 

Mg# )RSs/��B���/�(?$D�E)K)?Ps.(�'�1�*B &
� �� �E
�'6�� ��1+*+� *x� ���W� ?6 �� ;�;B ) <L# ��'% F"'C

K1L'��I �5 &'D��-*#?LB
C ?% ?��],�[.
��/� ��� :���/�P1B C5�> ���)�*	 �5 �'$J2
� ) �'D$!� ;�E�

M$# &
� �� ��  ?
� �E?�1% .�'D$!� �E5'*D" ?$
�*	 �l 
&
1'�� �?% �$'D��-*# ��Z
� �E?% &EI �1P) (� �/�6 �/ ?��

�DW�# ���&
1'�� �'�)� ;�E ?��)CF%�� �j�� (�'$J2
� );�E
G�L��X <'� �1P1�	 k
*l (� &
� �� �'-1+12	 �?% �D
*2/ ?$
�*

��1J�?��  ?% ��Z
� �E .�'D$!� (� ��1J� 7
 <'���I �1P1� ;�E
&
1'�� ��GH��/ ;�E ?$E� ��"�  ?% �$'D��-*# ;

��?��FeO*)��/�, (�#� ���/ &
� �� ��() ?��� .�'$J2
�-
*
���� ;���� <'� �EFeO*),�/T, �B SR/T� ()TiO2)S�/TR 

�B,R/T� (��() ?���$D�E ?)K)?PS.(

;� ?�� ��	� 
�
*F'-�D� �
�'J'%18. �#�*5 ��"� �:�'5 �'�1'	� ;�E

 ?$E�;;N�5 *
���� MgO)R/,� �B ,R(�I �� ��() ?��� -
�E�#.*!
� �*l (�M$# &
� *
���� ;���� �ESiO2)�/�S �B 
T/��(�Fe2O3*),/�, �B R/�,(�TiO2)Ts/��B��/�()

(Na2O + K2O))TR/��B�S/�(?$D�E ��() ?���
)K)?PR.(��() ?��� CaO ���
*F'-�D� &
� �E)�s/��B

T,/T(���)�*	 )  �15�IM$# &
� ��GN1JQ� �E �54
�<	� 
�I �� &�/)*'-1$'2/ ���/ ���)�*	�E�D�5�) �#� .

�
*F'-�D� *'x�B �iB �:�'5 �'�1'	� ;�E���#*+� )
�� ��1+*+� ���W� ?6 ;�D	*+ ��*> <L# ��'% ;���� ) ?��

���/ �31JZ��
1��x ;�E K1L'��I �&'D��-*# ��
*2/ C'L> (� ;�
?$D�E �'$E*- ).���/ �1U6 ?$
�*	 }*D�+ ) �
1��x ;�E

M$# &
� �� �?% �$'D��-*# ;N�5 *
���� �ELOI)�R/R�B
��/�� (��Z
� �E �I �� �� ��() ?���*/�#�  �)PK)?R.(�5

���/ ;�E �#�*5 �� �/ &
� �5 �P1B���/ &
1'�� �#�$%d�� 
 ?�(�#;M$# &
� ��?�� &
*BN�5 &
�*5�$5 ��#�ELOI �D�5�) 

��1J� �51Di� �5 �
�E�;Mg#)s�/R� �B s�/R� (�#� *BN�5 .
*
���� *D�5 \��L3 �5LOI )Mg#M$# &
� �� �1P1� �E
�Lr� �!D�LJE ;���� ?��)PK)?R.(

G�/"F�h�� <'���I �
�D��
*2/ ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ��Ts� ��� ,�/�� ��/� ,�/�R ��/� �s/� ��/� ��/,S ��/� ��/� ��/� �S/R� Clinochlor 
N ,��� �s �T/�� �,/� ��/�� ��/� ��/S ��/� T,/,� Ts/� ��/� �,/� R�/Rs Penninite 
N ,��� �R ss/�� ��/� �R/�� ��/� Ss/R �T/� ��/,� �S/� ��/� �R/� RT/R� Penninite 

Structural formula based on the 28 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ��Ts� ��� ���/� ���/� ���/, ,T�/, ���/� ���/� ��,/� �,�/� �R�/R �,S/� ���/� ���/� RS�/��
N ,��� �s T,s/s ���/� �ST/� �T�/� ���/� ���/� ,Ss/� ���/� T�T/R ���/� ���/� ��T/� R�R/��
N ,��� �R ��R/s ���/� T�,/� s��/� ���/� ���/� T�s/� �,�/� S��/R ��T/� ��T/� �,�/� RRR/��
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��'61]� ��5�*B ��
��I��*
� �#�$% ���/ ) �#�$%�125 �2Z� ��,

Sample B ��Ts�  N ,��� N ,���
Point ��� �s �R 

Fe# ��S/� ���/� �T�/�
Mg# RT�/� Rs�/� R��/�

G�/"J�h�� <'���I �
�D�K1L'��I ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ,�Ts�  �R� �R/�T  �s/� SR/� ��/� s�/R ��/� S�/�S  ,T/��  S�/� ��/� �R/�R  Actinolite 
B ,�Ts�  �RR ��/��  ��/� ��/� ��/� SR/R ,S/� ,S/��  s�/�,  �,/� �s/� ,�/�S  Tremolitic Hornblende 
B ,�Ts�  �RR ,T/�R  �,/� ��/� ��/� ,�/� �,/� S,/,,  ��/��  �T/� �T/� �S/�R  Tremolite 
N ���� ,R RR/�S  ��/� ��/� ��/� ,�/T �,/� ��/,,  TS/��  ��/� �T/� R�/�S  Tremolite 
N T��� T� ��/�S  ��/� �R/� ��/� T�/� ��/� RR/,�  ,�/��  �,/� ��/� ��/�S  Tremolite 
N T��� TT S�/�S  ��/� ,T/� ��/� ��/T ��/� s�/,�  ��/��  �R/� �s/� T,/�S  Tremolite 
N s��� Ts ��/�s  �,/� �R/� ��/� s�/T ��/� S�/,�  Ts/��  �S/� �S/� Ts/�s  Tremolite 

Structural formula based on the 23 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ,�Ts�  �R� R�T/S ��s/� �Rs/� ��T/� ���/� ���/� ���/� �TS/� S�,/� �Ts/, ,�T/� ���/� ���/��  
B ,�Ts�  �RR ,RT/S ���/� �RT/� ���/� ���/� s�S/� �T�/� ���/� �s�/T ��s/� ��R/� ���/� ,��/��  
B ,�Ts�  �RR �S�/S ��,/� ���/� ���/� ���/� ���/� �S,/� ���/� s�S/T �TS/, ���/� ��s/� �s�/��  
N ���� ,R �s�/S ���/� ��s/� ���/� ���/� �SS/� T�R/� ��T/� ���/T �Rs/� ���/� ��S/� ��,/��  

N T��� T� ���/R ���/� ���/� ��,/� ���/� ��s/� s��/� ���/� �TT/T �SR/� ���/� ��R/� ��,/�T  
N T��� TT �Ss/S ���/� �,T/� ���/� ���/� ���/� T��/� ���/� T��/T �T�/� �,,/� ���/� �S�/�T  
N s��� Ts RS�/S ��,/� �,�/� ���/� ���/� �TS/� ��R/� ���/� �T�/T �,�/, �,�/� ��,/� ��,/��  

Sample B ,�Ts�  B ,�Ts�  B ,�Ts�  N ���� N T��� N T��� N s���

Point �R� �RR �RR ,R T� TT Ts 

Fe# ,��/� �SS/� �ST/� �R�/� �,T/� �RR/� �R�/�

Mg# SR�/� �,�/� �,s/� ��S/� RSs/� ��,/� ���/�

K1L'��I�'%�6 �� �1P1� ;�E;K1L'��I ) �E &�/)*'-1$'2/ &
1'�� �� �1P1� ;�E�E

G�/"K�h�� <'���I �
�D����/ ;��DW�# K1�*	 &''QB ) ;��
*F'-�D� �� �1P1� �?/ ;�E�:�'5 �'�1'	� ;�E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 
B ,�Ts�  �R� ,�/� ��/� �,/� ��/� ��/�,  �s/� ��/� ��/� �,/� ��/� R�/�,  Magnetite 
B ,�Ts�  �R, ��/� S�/TR  ��/� ,�/� �s/T�  ,,/� �R/� ��/� ��/� ��/� ��/�R  Ilmenite 
B ,�Ts�  �RS ��/� Rs/TR  ��/� �,/� SR/T�  �R/T ��/� ��/� ��/� ��/� sR/�R  Ilmenite 
N s��� TS ��/� ,T/T�  �T/� ��/� ��/T�  �R/T TT/� ��/� ��/� ��/� RT/�R  Ilmenite 
N s��� TR ��/� ,R/T�  ��/� s�/� ,�/T,  �,/� ��/� �R/� ��/� ��/� RR/�S  Ilmenite 

Structural formula based on the 4 Oxygens for magnetite and 3 Oxygens for ilmenite 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 
B ,�Ts�  �R� ��R/� ���/� ���/� ���/� ���/� �R�/� ��R/� ��,/� ��s/� ���/� ���/� ���/� ���/�
B ,�Ts�  �R, ���/� �T�/� ���/� ���/� ���/� ��R/� R��/� ���/� ���/� ���/� ���/� ���/� ���/,
B ,�Ts�  �RS ���/� ��R/� ���/� ���/� ���/� �,�/� R��/� ��R/� ���/� ���/� ���/� ���/� ���/,
N s��� TS ���/� �TR/� ���/� ���/� ���/� ���/� R,,/� ��R/� ��S/� ���/� ���/� ���/� ���/�
N s��� TR ���/� ��S/� ���/� ���/� ���/� �R�/� R,s/� ��s/� ��,/� ��,/� ���/� ���/� ���/�

L-��:*
����Mg# )Fe2+#���/ C��% O'B*B �5 �EMg/(Mg + Fe2+))Fe2+
/(Fe2+ + Mg) ��?�1%.
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?2P ,�� ��J% ,���D�5�B ���, ���/�
*F'-�D� �J'%18. ) �#�$% �'�1'	� ;�E. . .���

G�/"M�
*F'-�D� �
�'J'%18. <'���I �
�D��:�'5 �'�1'	� ;�E.
Components N�� N�� BTs� Bs�� Bs�� 
SiO2 (wt.%) ��/�R  ��/�S  T�/��  T�/�R  ��/�R  

TiO2 TR/� ��/� TS/� Ts/� ��/�
Al2O3 s�/s s�/s ��/s ,T/s T�/s

Fe2O3* ��/�,  ��/�,  ,�/�,  S�/�,  R�/�,  
MnO �R/� ��/� �S/� �R/� ,�/�
MgO ��/,R  ,�/,S  R�/,�  s�/,S  RS/,s  
CaO �s/� ,�/T �R/� T,/T ��/T
Na2O ��/� ��/� ��/� ��/� �,/�
K2O ��/� TT/� T�/� �R/� T�/�
P2O5 ,�/� ,�/� ,s/� ,�/� ,�/�
LOI ��/��  �R/R ��/��  ��/��  �T/�
Total ,�/���  ��/�R  ��/��  ��/���  ��/���  

Rb (ppm) ��/��  ��/�T  ��/�T  ��/��  ��/��  
Cs S�/�s  S�/,�  ��/,�  ,�/�T  ��/�R  
Sr ��/�,�  ��/���  ��/�,  ��/���  ��/��,  
Y ��/s ,�/S S�/S s�/S �,/S

Nb ��/��  ��/�R  ��/�R  ��/�s  s�/�S  
Zr ��/T�  ��/��  ��/��  ��/�R  s�/T�  
Ba ��/���  ��/���  ��/���  ��/���  ��/���  
Th ��/� ��/� ��/� �T/� �,/�
U ,s/� ,S/� ,T/� ,�/� ,�/�
Hf ��/� ��/� ��/� ��/� �T/�
Ta ��/� ��/� ��/� ��/� ��/�
Pb ��/� ��/� ��/� ��/� ��/�
Cu ��/S�  ��/T�  ��/,s  ��/,�  ��/��  
Zn ��/��T  ��/sT  ��/Ss  ��/S�  ��/S�  
Ni ��/�S�  ��/��,�  ��/����  ��/����  �,/��T  
Cr ��/����  ��/����  ��/��R�  ��/�T,�  ��/�T��  
Co ��/�S  ��/���  ��/���  ��/���  s,/��S  
V ��/R�  ��/���  ��/���  ��/��  ��/��  
La ,�/�,  ��/�T  ��/�,  s�/��  ��/�,  
Ce ��/,�  ��/,T  ��/,T  ,�/,�  �s/,,  
Pr �T/, sS/, ss/, s�/, ��/,
Nd T�/R T�/� ��/� ��/R Rs/�
Sm T�/� S�/� Ts/� TT/� ��/�
Eu Ts/� ��/� TS/� TR/� ��/�
Gd ��/� ��/� ,R/� ,�/� ��/�
Tb ,�/� ,s/� ,�/� ,�/� ,�/�
Dy �T/� Ts/� ,T/� ,�/� ��/�
Ho ,R/� �,/� ,S/� ,�/� ,�/�
Er SR/� RS/� S�/� Ss/� S�/�
Tm �,/� ��/� ��/� ��/� �,/�
Yb S�/� R�/� S�/� sT/� S,/�
Lu �,/� ��/� �,/� ��/� �,/�

Mg# s�/R�  T�/R�  ss/R�  ��/R�  s�/R�  
(La/Yb)N Rs/��  �S/��  sT/��  ��/�,  s�/��  
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1'�� O'/*B �� '�)� ;�E�#� �.�#�*5

�
*F'-�D� &
� �J'%18. �E}(�*5 *
���� &'5 �Lr� MgO 
)R/,� �B ,R()FeO*)�R/�� �B �,/�� (�� �� ��() ?���

�I�� ��"� �EE�$?)K)?PR.(}(�*5 *
���� &'5 �Lr� MgO 
)FeO*M$# �� �� �E ?��1B ?$E� `�B(�5;;�E?$
�*	 *'x�B 

&
1'�� �� �'�1�1/G�DL�� ;�E (� �$X FeO* ?%�5 ],�[.

;��J�:�'5 �'�1'	� ;�E �
*F'-�D� �
�'J'%18. ;�E���1J� .j��(���1J� (Na2O + K2O) *5�*5 �� SiO2],,[`(�/�zW ���� *��$3 ���1J� 
�
�?$/ �5  ?% ��Z$�5],�[.�(�
*F'-�D� ;(�#��Z$�5 ���1J��D%1+ �5 �:�'5 �'�1'	� ;�E;�)� �'],T[.
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