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6.'?� EA�� (4 %8;-%�= ����2 (���I1��A5� 13-4 $5!6 (+.n�' (����2 �I15T� $I' = ,;$6 J%= � ) �� 2-2� -6 �7&2-6 �$<�	 ;
$56 ��A5�1=(/(Q��>(�I� !61� ����2 @ .' '�'1@�)�' �I1=' h ; ,';'-	 �-6
#$.

6.' @����2 @ .' Q�I�'�'� 1$56 ,;� 1�';'-	 o�8' -6 �@�)�' C-. ; �I(= l(/(Q��n�' (	'-2 �-g(%�$56 ��A5� �' 1����2 > �I .( t.
-
�(4 %8;-%�$56 ��A5� �-g �C 1�/� ,N 
�8' #$= #�'� M.

	2�" 7�7�
B0. �
�1=(/(��
�� /� �� ����2 �I1SB-120,BS-112,� � �BF �T8�:� ;���"' 1Q��7�' �o�8' -6 ����2 ba�C' s.' (,z
�8' #$= �T8�:�)n.d�&. $h �' -7/C(L.(

SB-120( Grt)BS-112( Grt)Sample 
P4P3P2P1P10P9P8P7P6P5P4P3P2P1Wt% 
a`/cwb`/cwb|/cw~w/cw_^/cw|~/c_^c/c_|a/cw_^/c^`a/ca^c/c__`/cw``/cw_`/cwSiO2

~c/~~]/~bb/~~c/~b]/~b]/~bc/~b]/~b`/~b|/~`]/ab_/~~|/~~|/bTiO2

|~/a~|_/a~bc/ab|w/a~cc/a~wa/a~]_/a~aa/a~`]/b|ac/a~~a/b|b^/a~]_/a~b^/a~Al2O3

bc/a|c~/a_]_/a__b/a|]]/a|^c/a_~`/a_b^/a_~`/ac~c/a`|]/abb_/a_b|/aw_`/awFeO 
b^/b~bw/bcw|/baa]/b~w|/awc/ab_/ca|/]^]/]`_/_wc/`]^/]ca/c|]/aMnO 
`b/ba`/bcw/b`b/b^^/~~a/b^|/~w_/~_`/~^~/~ww/~^w/~|]/~b`/bMgO 
a~/bw^/b_`/baa/b_c/b~||/|w~/b~w_/b~a^/b~ww/|`|/baw|/b~wc/b~w]/b~CaO 
~b/~~c/~~a/~~`/~~b/~~b/~n.d n.d n.d ~b/~~a/~~b/~~a/~~b/~Na2O

n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d K2O
ab/b~~_^/b~~wc/b~~w~/b~~|]/||``/|^`b/|^aw/b~~_]/|]ba/b~~]_/||ca/b~~cb/b~~]a/b~bTotal 

mol 
w`/aw`/a^`/a|w/a~b/c||/a||/a~a/c~a/c~~/c|`/a~~/c||/a|w/aSi 
a]/~a]/~b]/~~a/~n.d n.d n.d n.d n.d n.d ~]/~n.d n.d ~a/~Al iv 
_b/b_a/bww/b~b/a|a/b|^/b|_/b|~/b|`/b|b/bw_/b|~/b|c/b^`/bAl vi 

n.d n.d ~b/~~b/~~b/~~b/~~b/~~b/~~b/~~b/~b`/~n.d n.d ~_/~Ti 
c]/~cc/~b|/~n.d ~]/~~b/~~a/~~`/~~b/~~`/~~w/~~_/~~`/~~_/~Fe3+

]~/baa/b`~/b||/bw|/b^b/bw`/b_^/b_|/b_a/b_a/b_^/bw_/bw`/bFe2+

_c/~^a/~^c/~_|/~b^/~b^/~ab/~a|/~a|/~c]/~]]/~c~/~aa/~b|/bMn 
b_/~bc/~b`/~b^/~b~/~ba/~b~/~~|/~~|/~~^/~~|/~b~/~bb/~bc/~Mg 
|`/~|`/~_c/~b]/~|b/~^_/~|c/~|a/~|c/~^c/~~^/b|a/~|b/~|~/~Ca 

Xmol% 
cc/~aw/~~]/~__/~`w/~_~/~`w/~`]/~`a/~`b/~]b/~`]/~`w/~``/~Almandine 
bw/~b_/~~^/~n.d ~a/~~b/~~b/~~a/~~b/~~c/~~c/~~c/~~a/~~c/~Andradite 
b]/~b`/~bb/~~c/~a^/~a^/~a|/~~c/~a`/~ca/~aw/~aw/~aw/~a_/~Grossular 
`~/~]~/~`~/~~_/~~c/~~]/~~c/~~c/~~a/~~]/~~c/~~c/~~c/~~]/~Pyrope 
ab/~aw/~aw/~ac/~~_/~~_/~~w/~b~/~bb/~b]/~bc/~b~/~~w/~~_/~Spessartine 
|b/~|b/~|`/~||/~|^/~||/~~.||~.||~.|w~.|^~.|^~.|c~.||~.|^Total 
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$!F��#��/= �����6 ����� H58�
'� @ .' ����2 �I���" /0�1�� 2-2�. . .���

!=>�

	2�"?�
B0. �' 1�'$X. �A�� �Q�(/(= 1�I �(. (6 1' �� /� �� � F � 1�I 1BS-112 , BS-120 o�8' -6 1��7)�8 @ �-	 bb,z(�C' s.' 
�8' #$= �T8�:�.

SB-112 
Bi

BS-120 
Bi

Sample 
P4P3P2P1P10P9P8P7P6P5P4P3P2P1Wt% 
b~/cw]^/cw|b/c__]/cwb~/cwc~/cw^c/c_w_/c_]c/c``~/c`|^/c]bb/c`_b/cc]a/c`SiO2

b`/ab_/aa~/a~]/abw/abb/aw`/b_|/aaa/ba`/ba_/b~|/ba_/bw|/~TiO2

||/bwbb/bwb_/b^`c/b^cc/b^c]/b^c|/b^c_/b^~b/a_b/b||^/b^~]/a~b`/b|b|/b|Al2O3

`c/b|b^/b|__/b|`b/b|``/b|]]/b|_a/b|_`/b|bb/abbc/abww/ab]|/ab~w/aa~|/a~FeO 
a|/~a_/~a|/~aw/~a^/~a`/~aw/~a|/~bc/~b^/~b_/~b`/~b_/~b|/~MnO 
b^/b~`|/b~__/|a^/b~bc/b~a~/b~b`/b~b]/b~]w/^`a/^w|/^|b/^c|/^^~/^MgO 
]b/~_]/~cw/~~`/~~`/~~c/~~c/~~b/~a_/~ac/~b]/~b`/~bc/~]b/~CaO 
b~/~b_/~a]/~n.d ~b/~a~/~~`/~~a/~ab/~ac/~b^/~bw/~b^/~~w/~Na2O
a|/_w|/`c~/_cw/_^~/_|c/_|w/_|w/_a~/|ba/|_`/|cc/|bb/|wb/wK2O 
wa/|wba/|^]_/||w|/|^ab/||c|/|^_b/||c^/|^]_/b~~a`/b~~b`/|||w/b~~c_/|^a~/||Total 

mol 
`a/``|/``a/``a/``~/``b/``~/`]`/`cc/`c_/`c^/`a|/`a_/`c|/`Si 
]w/a]~/a]w/a]w/a]|/a]^/a]|/a`]/a__/a_c/a_b/awb/awc/a_~/aAl iv 
_^/~_~/~wa/~wc/~wb/~w~/~w]/~__/~^^/~^`/~^a/~^`/~^~/~^]/~Al vi

a]/~a]/~a]/~aa/~a]/~ac/~b|/~c~/~bc/~b]/~b]/~ba/~b]/~~|/~Ti 
]c/ac|/a]_/ac|/a]a/a]~/a]`/a]c/a_`/a__/a^~/aw~/a|^/a^b/aFe 
~c/~~c/~~c/~~c/~~c/~~c/~~c/~~c/~~b/~~a/~~a/~~b/~~a/~~a/~Mn 
a_/ac`/ab`/aa`/aa]/aa]/aa_/aa]/a|~/b|b/b^b/b~~/a|_/b||/bMg 
~_/~b~/~~`/~n.d n.d n.d n.d n.d ~]/~~c/~~a/~~a/~~a/~~_/~Ca 
~a/~~]/~~w/~n.d n.d ~`/~~b/~~b/~~_/~~_/~~`/~~`/~~`/~~a/~Na 
b|/bb~/ba~/baw/ba^/bc~/bca/bcb/bw_/bw`/b^^/bw|/b^a/b]|/bK

Xmol% 
c~/_c]/_a]/_cw/_cb/_cb/_c~/_aw/_|w/`||/`|~/`~a/_^^/`b`/_Y total 
a^/ba`/bcc/ba_/ba|/bc_/bc]/bca/b^w/b^_/b|_/b^_/b^|/b`^/bX total 
b`/c~~/ca|/aa~/ca~/cb|/ca]/ca~/c``/c]|/c]]/c``/ccc/c]]/cAl total 
`b/~`~/~`c/~`b/~`a/~`b/~`a/~`a/~`^/~`^/~_b/~`w/~`^/~`^/~XFe 

6.'An�' (1�5T� -6 ����2 �Q�(/(= l(C-.]ca[.>(�5:5� sI 1�I �(. (6 ,�7(. �058��� o�8' -6 ��� 1�I��(=�%(� ����2 ��A5� 1�I -
�8�-6 �� � 1]c~[.
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��6�'�N �1� /:� ,'-
' �8�5= ���C ; �8�5=� !6 �!0� ���

B(� 
�,�2���
���
;1�

@��T.
� �Fe-Mg��C D;� �� ��I16(. (����2 ; �
%��'
@;'$7� -.
�I-7�;��6 �-. +1� 2-2� ���-81!4(7��8' .

6(�' Mc~�;� ��:� {-g �' �T8�:� (#$= �Q'�' n!7�� +
*/I �C �8'�� �-. @��X. � F; q-	 o�8' -6 
��5(%�

6 J��C(6 ; ����2 +(. (�8' �' 78' �.'-61; ��� �T8�:� 
����2 ��&	 �(=�%(���I1� !6 ��A5� �I16(. (; �;�0� �
=�h M�6(�'1����2 �I1@;' K � #$= M058 @�/7h' �C $�'

� �-. @��X. � F;
��5(%�6 ���N �� (�8' -7&]a^[.U�T8�:�
�5T� -6 #$= ��0�'1]a|[]^_ �. `ab7��8 �F�� (; �'-*

 ��&	a/c�.^/cC(� �8$6 ��6 !�$I� .�� � F � $I' =
M�6 �I1;�h 15T� �;� #;-2 ����2 �@��X. �$" -6 
= Q�(/(Q����'� � F; J��C ' �' #��V78' �C
�;� +�� '� 

� ����2(=�%(���I1�8' #�-C $�N��C�� �;� #;-2 .
Ud�T. -6 #;r"
� �C-. �(l6(. (����� ;� -61�(,'B Ti �(B

�8' -y �.!�' " ��' �[�(= ���&	 -(/���� �6(. (; �
��� �" /0���I1� ���N #'-/I ($57�I s�� B]c~�cb[-6

� o�8'(,'BTi� ;�'$�XMg=1-XFe ��7)�8 �� � F �
6(. (������X� �' #��V78' �6T=([ln(Ti)-a-

c(Xmg)3]/b)0.333�8' .'
'-6 �;� +18�-6 �'-= 
S
� �-.
��5(��H58 �I1!4�7� (7�� �N-4 (�I��&	 ; +1]�.`

�(4 ��6 !(�8' #$= ���5& .' �<�
�58��� +a]±�F�� 
7��8('-6 �'-*1��� �4(
; +ba±7��8 �F��('-6 �'-*1�I��� 1
d�6 �8' ]c~[.�'$�� #$= �Q'�' @ �-	 ��Ti �s.' �'$X. �I1

��7)�8 @ �-	 �� #$= �T8�:�1(apfu)6(. (o�8' -6 �aa
��' s.'(�8' ,z .058����6(. (��I1= �� � F � (���I1

�I��� �X��A� �� �1�(*��(+]^~ �. ``~�F�� 7��8('� �'-*
� ,�&��$5I�.5Y/I (�7� +
' �' Ji�h �
,�&� U�T8�:� +

��6 $I�(. (��I1� ����2 (=�%(���I1�;� #;-2 )@ .'
����2 �I(�I���1Q�4 (+-.1� ,�&� '� �$I�)J%=v]>(

]ca[.

/�8,��C����,C�� ��45�������� 
d�
V!7�� J�'-6 16 ����2 @ .' @�%=' (#$= ,�$�'.-7/�� 
+
d�
$= -CZ J'-6 #1'
�I��7)�8 ��01� ; ��;� (B�	�6 �I1

� .N�����2 �� �. �I((�!C -i�5" ��&7�' �"-8 U'-(�+IN �s
5� ; B5*5�(B
J�' " -y' �� s&T5F��8' ]cc�b~[.�$"
= Q� @��X.(/(Q��)-6 �� �d�6 f-� -y' �� ��' � 1MI�C 

���1�" /0� 1� 2-2� �'
� ��0� =�]c][.C-.(8 l(Ud� 
�(-7/�� �' B
#$55C @-75C J�' " +1��A5� $561����2 �� 

�8']c`[.��8�-6�B/I 
7������2 +6(. (�+ %��
�� �
�� /� �I1�� � 8�-6�-7���6 �-. U�T8�:� ;1�C#-7�21
Q����]^~ �. ``~�F�� 17��8 �'� �'-2.X((� +��$5C

/C�h(h ����2 ,;� �(-)N +
�y��h +1� 2-2� �' �� 
+
'� H58 ,�&���$I� .C-.(6 l(. (�����2 #;-2 ;� �� �I 

�(=�%(��U;�V. �I 5=;��-i�5" �� Fe, Mg ;Ti ,�&� '� 
��6 $I�(. (��I1����2 �� � F � �(=�%(���I1@;' #;-2 

5� �'(B
. ; s(5? ,�7�6 �C #$= (��� -*��1%&. -.d�6 (' J
+
�8' #;-2 .;
2z��I17	�6 �� !6 �I16(. (��' � !T. 
��C +�'�

-)N �� #;-2 ;� -I ��
� 2-2� �'$)� +��.(
� $��� $5C
����2 �I1BC-� M�6 @;' #;-2 1;�h 1.���e8' (s0h +

!i'�%&. '� � !6 (=�h ; �8' #�'� J(��6 p�7T�� �
,$��/�N W
BC-� M�6 {-g'15?�� �g�h' '� +.���e8' �' �$5C)J%=v

]n�'.(�6����2 $=� �6 �F . �I1�-� �� l!?' �C �;� #;-2 
M�6 �I15?�� �' (5? ; �%��'� ; $��'� �'-<(� -[� �6 B�$8�

�C'-= 
C-. ; S(= l(/�6(. (��I�'-= 
T8�5� ,'$53 S�
'-61Ud��7�' J�� ; ��&7�' 
� �'-6 1M5C'; J��C @��X. �I1

� 2-2������2 @ .' �� �I1 F; �;� #;-2 ��'$� �.@�)�' �I1
�$C=' h ;�-!C 
7��6U$= �6 ; ��� MI�C -(y�. �:. 

g ��&	�
#�;� W1���� ��8' .�. �6 �F . �6((��8 � U'-�
�!C ; +IN(BC-� M�6 �� s1����2 @ .' �I�,� 6 #�. C 

#�;�1�.((� �-. U'-
��5(%�� -[56 J/7:� H58 �� �$8�
'B	' �6
��� M1=�h �� �H58 (�= ����2 (T��6 �6�&� 
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� $I�&� +IN -7/C -�� =
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= Q�(/(Q���(6 ,��� $5���(-7&1� 6 $I' ) .T�� �"-8�
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DMn>DFe>DMg>DCa ]c_[.,;� �I1�6 M�'�;-	 
p�� /" d�6 �"-8� . �6 (�" /0� $�I12�;�h , 2-1$I' = 

��A5�$561����2 � -05� �I�'-= �6 �F . �6 � =
S
��#$= 

-7/��
' J��" +
' ��0
$4 +
��A5� �� #$1�� � 8�-6�
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��6�'�N �1� /:� ,'-
' �8�5= ���C ; �8�5=� !6 �!0� ���
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�'-2(7�!i' ��	 �6 ,��B/I d�/7h' -7�' F �.�/2�� (D$558 s�
8(8'�;� �� ,�F-(� W(����" /0� 1O/" �� ,�&� #�� 
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