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& �C�;+ ���7 ( �C�;+�� = � /� �yu

A4�B�%��0��?;� �*0��8N�C 0&
z9�� ( A&)'��?;� �0���� C�)=�(�0A2)F�& (�%�� (0��'-C�;+�V�C& )= �7 ��?;� C�)=�-
�*0&)OP �
(��J (
"�&�*�� )&0C)J '�C& "#+ p):) .(&�
K�*0�
��=�0I�2 '��5'8�#9 "#+ 
.�h��� �� ���X! �= �7 +(�0�%�� 

A�.;N� ��C& "#+ ��%��*0�(#O� 0�C ( #��&� 
&� )
K�*0�
),�8C&� �7 0A2(� �*0C&�(W �= �"#+ ��%� �%�� 'K�8�=&(#�& �� (
&
-S*({G"��5� )�� ���� #�&.(

A4�C(��J 
&)OP )�
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)0�&
���.��*08C� �&�
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# <u�"��.+ ���@'
�G ���� ��7�C�;+��� �'-+'.���� (3/;C ��%	 �I�2 ����4 '��5'��*0. . .�y�

	�"�@�)�� �
V�C& )=C�)=��*0E;C ��,�0&)OP #*&�+ (�
�&
"()4 -
E;C �&� &� �*�I�2 "()4 �C �= A&�J'+ U�5'I�2 ���'��5'�

(I�2 ����4'��5'�"��#;=0�)7 .& ��
�= S�= -E;C��,�0
)*
"()4 �& K�*0,;C �� "�)5��� ��&�)G
p:

D�-���� �� E����F��
&
E;C -�	�= ��*8CX=�J�.� �� A�%� ��!�./� �& ( #;*�

WXG
�X7� +I�2'U�5�*0872 '��;'�+@J�&�7 +J'��8'�
)-IC& (±G&'j(#±) 7 
$%J �'"#+ R#�&)R$+[.(&
-

"���N� �N�+ �!�./�0+'�C& @5C �� .I�2'U�5�*0
& �� ��<��
E;C -�= ��5��b �*���C j��P�#;8�* �	�= (

8CX=�J�.��#��&� .I�2'U�5�*0���C ��=WXG "&).*
�*�X7�0
��<
�= �8	�A2 j&�&��4�&�?N ��*�;+(���.� �= &� 
� S�-

#��&q4 .G'( -�7() 
I�2 �'U�5�*0E;C �*0�12 
�(& -'h ��
S;7&(�*0,=2 ')0&)= 0&
��7 ��/��*0�<�� �&#=2 0�G'
�& -

) 7 � .<
G& ( �'j(#�� S;7&( �#;*� .&
S;7&( -�&�2 �= �*
C A�)7' 'C ( #;*&).* T' '�� @J�&�7 j��P �= �&��� T

&
E;C -� "#*�%� �*���+ .I�2 A&(&)	 ���>'U�5�*0
���C�N)= �� ����.� �& & g5C ��*
4�&�4)= ��/�p%L4')0

"W&( :��8�& �7 "#+0I�2 '+ U�5'&)= &� ��0�&q,��� 0A2�*
gC�;�� )J�#;7.

'���� ��������
&
E;C -�	�= ��*�*08CX=�J�.� �	��G�8CX= (')0A�%� 
��#;*� .WXG
�@5C#; 5���* ( �X7�)J��$+2
-��7 ��*0

<��& �� ��
E;C -#;8�* �*)R$+[.((� �= �*#; 5���*
���C j��P�R$+ (���.� �� �&��*08C� ��
� "#�#��+ .

�*#; 5���*0R$+�= �&�z c #;L j��P��*0�
@��&� �J 
_C�8���&�,��#;L �= �J �J -+(� @5C '�� �")=')8%���.� �*

"#*�%� R=�9#�& .	��G�8CX= ���>'�*)�
G �& WX
�*�X7�0
)C
�'8���s2 ( "#+ 0)�� �	�= �& 
8�& �� 
E;C -��*�
�%
�12
A2 -�J ���� &� �*'
� �&)9 #�#*� .) 7
G& ( �'& j(#
��/

+ "���N� �� "#+'��"#���C ( "#+ �)�� @5C0J���2 '�
WXG
7��)L ( �X7�'I�2 �'U�5& A2 UXN �� �*
� ��/�#��+

]u�[.h �L)4& �&
( -�.* �S;7&0G&'( j(#
�.* �0
) 7
� �)�� ��& �= ���+
I�2 ��;* U�> -'��5'��*0&�&� 0
) 7
( �
G& �'�G �� �j(#'
-)J
"���N� j�<�� -0I�2 '��5'�


� �	��#��+ .&
E;C -&)+ �� �*
"���N� _0I�2 '��5'�& ��

�!�./�0WXG 
�X7�)>An17 + ( #; 5���* +J'��8'�)-IC&(
±='J�'�±G&'$%J j(#'"#+ RI�2 �7 #�&'��5'��&� ��� �.

G���� ����� ��������
N)= ���I�2 �& '��5'��*�� = �+�� �*0�(#> )?9 �= ����4 
5mm .%L �N�C (�	)= ��� 4 (��'� "#*�%� @��+�#.

� @J�&�7'A2 �� H#�& �&#�� �= @�*
� �	���= �7 ��+ � !
S;J R}.OJ >'� -�)4
8��)4 :�C ���> �= �
-)�
@��&� (

+���N ( "#�2���<�� �� A�%� �#;*� .&
E;C -�& �*
��7 �!�./���*0WXG 
�X7� +#; 5���*+����4 +J'��8'�±

J�G2'�±) 7
�±@J�&�7 ±��7��*0$%J KG& '"#+ R#�& .
%�=�J �& '��8'��*0& �� ��<�� A&(&)	 
E;C -RP�> ��*

QJ'')�J&h �7 �C& �S;7&( �*0&
I�2 �� ����4 ��/'��5'�-
�C& �8	)4 j��P �* .$%J'#; 5���* �!�./� R3WXG 
�X7� 3

h ����4�� S;7&( 
� j��P )�4'�):
Hb + 26An + Chl + 14Qtz ± Ttn = Grt + Hb + An 
+ Ttn + SiO2 + 66H2O
6Ca2(Fe,Mg)3(Al)2(Al2Si6O22(OH)2 +5CaAl2Si2O8
+ Fe5Al2Si3O10(OH)8 + CaTiSiO5 + SiO2 =
5(Fe,Mg,Ca)3(Al,Fe)2Si3O12 + 
Ca2(Fe,Mg)3(Al)2(Al2Si6O22(OH)2 + CaAl2Si2O8 +
CaTiSiO5 + SiO2 + H2O

h�&
� �&#�� �S;7&( -
��0C' '�= �7 "#+ �&�2 Tj��P
 �&)h& �� ��5��b @J�&�7 �
��8CX=()'	��G @7).J ����4
�8	�&#�

��s2 (0�)4� �& 
8��R$+qG
� )'� A�%� @�#;*� .A2 )= "(X!
�&#��0J'��8'� �'h �� @�&
& S;7&( -
� ��/���+]u�[.�=
���8!&]u�[�*��%	 ��0J���2 "#���C �`�= 'WXG �
&)= �X7�0

&
#���C ��/"� �7��%� ����4 �� ��<�� �`�C()4 ��.�
( #
����4�*0#��.�2 
� 7 -'& K
� ��/�#��+ .G �= &q�'&#
S

,;C �� ����4�(�> 0) 7 
 7 ��'a(��;'@
WXG ��
( �X7�
I�2',;C �U�5�I�2 ����4 ��� �= '��5'& �
� ��/���+ .&
-

&)+ E;C
I�2 "���N� _'��5'I�2 �J �'��5'`�= ��
A�%� &� 
��#*�]u�[.

������� ���
&)=0���2 '+ @'.���7 ��*0 P& ��8���=
���*
���.� K

I�2 ����4 �& �N�+'��5'��*)B22-1 ( ( :��8�&�=C('� 0
�
"#��&�)G@0��|JXA-8100@/J ����
+ �'.'��
)P�;! 

 P&��	)4 �&)9 .�8�
���2 �'+ @'.���7 ��*0I�2 �����4 'U�5
WXG (
& �� ��<�� �X7�
U(#< �� ���.� -^"#+ "��(2 #�& (

��C�)=��*0��� 3/;C ��%	 �8	)4 �&)9 "��I8C& ���� #;.
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bX=�&
9��P ����;'.C�9 �A� �A&)
& �C�;+ ���7 ( �C�;+�� = � /� �y�

������� �E�� 
~(� V�C& )=]]n[I�2 'U�5��J �8C� ���L �= �*'p#;=0

"#+#�& .& V�C& )=
I�2 �~(� -'U�5�*0���.� �� ��<�� 0
C�)= �����I�2 "()4 �� 'U�5�*0� 7 '� �&)9 K�4'�& ( #�)

7��)L()	 |��'#;8�* �)R$+�*0x3: ( F�& .(&
-
I�2'U�5&�&� �*0&�8O� 0;� ( -*2 '@
�= `�= pXMg (0.52-

0.54)(Fe+2 (1.32-1.41)#;8�* .�5C�O� �=0�&#�� XMg

zJ (''I�2 |�� -'U�5"�)8�4 j�OIP K.7 �= �*0&�
)= �
|�� ���L V�C& A�'C&)5'��7/;C��%	 �� "��I8C& ������

I�2'U�5���2 |�� �& �*')L�;7��'#;8�* #; 5���* �)U(#<].(
�=(� "(X!0�&��.� AlIV �= �5�� AlVIzJ �7 ''"#;;7 -0

I�2'U�5�*0�12 
��4)4� ( -��C& ]]�[I�2 |�� �& 'U�5�*0
� 7'�12 "�,8C�N ( `�= ��%	 �= K
#;8�* -)R$+x3�.(

A4�H��J 
8C� ���.� )�I�2 ����4 '��5'	��G �= �'�CX=()�*0����4 �+�� )F�&(�J ��
� )'G�$C()$�	��G '�CX=()�*0����4 �+�� 
I�2 ����4 ��'��5'��= �7 �*R$+4')0�	�= K'8CX=()'	��G "#+ )/;� �C&)XPL():(J �'��8'��*0�*#; 5���* �(�/� �� A&(&)	 0@5C 

�7"�,8C�N�12 
�(& -'A2 ��J &� �*'
� #�#;7)PPL ()�(�=()'	��G K'8CXI�2 ����4 �� ����4 �+��'��5'��*)PPL) (j(�	�= �
8CX=�J�.�'+�� K��*#; 5���* ���> �& 0���C @5C ��= R$+ WXG ( @J�&�7 "&).*
�*�X7�0��< 
+ #; 5���* �� �8	�'���*)XPL) (�(

7)J'j�5�8��@J�&�7
��
8�(�> 0�*�� = 0WXG 
I�2 ��X7�'4� �& �7 @J�&�7 ( U�5� @J�&�7 A#+ A�4)
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��$�'$�WXG 
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# <u�"��.+ ���@'
�G ���� ��7�C�;+��� �'-+'.���� (3/;C ��%	 �I�2 ����4 '��5'��*0. . .�y�

E�#$B�8� 
���2 �'�*@0�?�� &0WXG 
I�2 ��X7�'U�5����4 (�*0I�2 ����4 �� ��<�� '��5'��*0��4)4� �!�./� �)5�� .
����42I�'��5'�

I�2'U�5 WXG
�X7� ����4 ���2 ����'@
"#+ B22-1-

01 
B22-
1-02

B22-
1-03

B22-
1-04

B22-
2-3 

B22-
2-4

B22-
2-5 B22-1-4 B22-1-5 B22-1-

6 B22-1-7 B22-1-8 B22-1-9

SiO2 �y/�6 ��/�� y�/�� u�/�� SiO2 �/�� 6�/�y ��/�y SiO2 ��/�� ��/�y �u/�y uy/�y y�/�y �u/�y 

TiO2 ��/6 �/6 ��/6 ��/6 TiO2 6�/6 6 6 TiO2 6�/6 6y/6 6�/6 6�/6 6�/6 �/6

Al2O3 ��/�� ��/�� 6�/�y ��/�� Al2O3 ��/u� ��/u� u�/u� Al2O3 ��/u� ��/u� ��/u� ��/u� �/u� ��/u� 

Cr2O3 6 6�/6 6 6�/6 Cr2O3 6u/6 6 6 Cr2O3 6�/6 6�/6 6�/6 6�/6 6 6�/6

Fe2O3 6u/y y�/� ��/� y�/� Fe2O3 u�/6 6�/6 ��/6 FeO u�/u� y�/u� ��/u� ��/u� ��/u� ��/u� 

FeO y�/�6 ��/�6 ��/�6 ��/�6 FeO 6 6 6 MnO �u/� ��/� ��/u �y/� ��/u �y/u

FeO total y�/�y ��/�y �y �/�y MnO 6 6�/6 6�/6 MgO ��/� 6�/u 6�/u u ��/� �y/�

MnO 6�/6 6�/6 6�/6 6�/6 MgO 6�/6 6 6�/6 CaO �y/� ��/� y�/� u�/�6 ��/�6 u�/�6 

MgO y�/� ��/� � 6�/� CaO ��/� ��/� y�/� Total ��/�� ��/�66 ��/�66 ��/�� 6�/�6� ��/�66

CaO ��/�� ��/�� 6�/�� ��/�� Na2O �/y ��/� ��/� Oxygens �u �u �u �u �u �u 

Na2O u�/� 6y/� ��/� ��/� K2O 6�/6 6�/6 6�/6 Si ��6/u 6��/� 6u�/� 6��/� 6��/� oo^/[

K2O ��/6 6�/� � ��/6 Totals �y/�66 �/�� ��/�66 Ti 66u/6 66�/6 66�/6 66�/6 66�/6 66�/6

Totals ��/�y ��/�� �y/�� ��/�y Oxygens y y y Al 6��/u 66�/u 666/u 6�6/u ��y/� ��u/�

Oxygens �6 �6 �6 �6 Si �u�/u ���/u �6�/u Cr 66�/6 66�/6 66�/6 66�/6 666/6 66u/6

Si y�y/� ���/� �uy/� y��/� Ti 66�/6 6 6 Fe2 ��y/� �66/� ���/� ��u/� ���/� ��u/�

Ti 6��/6 �/6 �6�/6 �6�/6 Al ���/� ���/� ���/� Mn u�6/6 u6�/6 ��y/6 ���/6 ���/6 ���/6

Al ���/� ���/� 6�/� ���/� Cr 66�/6 6 6 Mg u��/6 u��/6 u��/6 u��/6 u6�/6 u�u/6

Cr 6 66�/6 6 66�/6 Fe3 6�/6 66u/6 6�u/6 Ca y��/6 y��/6 yu�/6 y��/6 y��/6 y��/6

Fe3 ���/� �u�/� 6�u/6 �u�/� Fe2 6 6 6 Total ��/� �y�/� ��/6� ���/� ���/� ���/�

Fe2 ���/� ���/� ���/� �y�/� Mn 6 66�/6 6 End-
members

Mn 6��/6 66�/6 66�/6 66y/6 Mg 66�/6 6 66�/6 Almandine ���/�� u�y/�y �u�/�y ���/�� ���/�y 6��/�y

Mg ���/� ���/� ���/� ���/� Ca ��u/6 ��y/6 ���/6 Spessartine ���/� �uy/� ���/� ��u/� ���/� �66/�

Ca ���/u ���/u u��/u ���/u Na ��y/6 ���/6 ���/6 Pyrope ���/� y6�/� y��/� ���/� ��6/� �uy/�

Na �y/6 �/6 �u�/6 �u�/6 K 66u/6 66u/6 66�/6 Grossular 6��/uy �y�/u� �u�/uy ���/�6 6��/�� y��/uy 

K u��/6 u��/6 u��/6 u��/6 Sum 6��/� 6��/� 6u�/� - - - - - - -

Sum y�/�� ��/�� ��/�� ��/�� An ��/�u y�/�� �y/�� - - - - - - -

Xmg y�/u yu/u y6/u y�/u Ab ��/�� ��/�� y�/�u - - - - - - -

- - - - - Or ��/6 ��/6 ��/6 - - - - - - -
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bX=�&
9��P ����;'.C�9 �A� �A&)
& �C�;+ ���7 ( �C�;+�� = � /� �y�

 E�#$I�8� 
/;C��� ������4 �(� 3I�2 '��� ( U�53/;C��%	 �����4 3I�2 'U�53WXG 
�X7�3&� "�)8�4 j�OIP �& "��I8C& �= @J�&�7 B
 &)B= �0
���.��*0I�2 ����4 '��5'8���?;� )5��.

��� �����������
B22-1-1 B22-1-2 B22-1-3 B22-1-4 

Thermometry (Gt-Hb-T90) 
XMg-Hbl ���/6 ���/6 ��u/6 ���/6
XMg-Grt �6�/6 ��6/6 ��u/6 ���/6
[Al]Hbl �y6/u �u�/u yy�/u ���/u
lnKD y�6/� yuy/� ���/� y6�/�
T(Cº) �u/��u �6/��� �6/�6� �6/��y 

Thermometry (Gt-Hb-T89) 
Ratio of hb ���/y yy�/y y��/y �u�/y

Si in hb ���/� ��u/� ���/� �uy/�
Ti in hb 6�6/6 6�y/6 6��/6 6��/6
Al in hb �uy/� 6yy/� 6y�/� �6�/�
Fe in hb uy�/u u�y/u u��/u u�6/u
Mn in hb 66�/6 66�/6 66�/6 66�/6
Mg in hb �uy/� �u�/� ��6/� ��u/�
Ca in hb yuu/� y6�/� ���/� y��/�
Na in hb ���/6 �6�/6 ��u/6 ���/6
K in hb �y�/6 ���/6 �yy/6 �yy/6
Cr in hb 666/6 66�/6 666/6 66�/6
Xgros uy�/6 u��/6 uy�/6 �66/6
lnKD ���/� ���/� ���/� ��u/�
T (Cº) �6/�u� ��/��u ��/��y ��/��� 

Barometr (Gt-Hb-Plg PT00) 
P(1)Kbar y�6/�6 ���/�6 u��/�� ���/�� 
P(2) Kbar uy�/�� ��6/�u �6�/� ���/�
P(3) Kbar ���/�� ��u/�� 6��/y ���/�

P(avg.) Kbar y�u/�u ���/�u �uu/� ���/�
Amphibole group barometry Ca Ca Ca Ca 

(Ca+Na) (B) u u u u
Na (B) �6�/6 �u6/6 �y�/6 �6�/6

(Na+K) (A) ���/6 �6y/6 ��u/6 ��y/6
Mg/(Mg+Fe2) ��6/6 ���/6 ���/6 ��u/6

Amphibole names 
���2'7��)L �;'�

#; 5���* 
���2'7��)L �;'�

#; 5���* 
���2'7��)L �;'�

#; 5���* 
���2'7��)L �;'�

#; 5���* 
P (kbars)Hammarstrom&  Zen 86 ��/�u u�/�u ��/�u �y/�u 

P (kbars)Hollister et al. 87 ��/�� ��/�� ��/�� �u/�� 
P (kbars)Johnson & Rutherford 

89 �6/�6 ��/�6 ��/�6 u�/�6 

P (kbars)Schmidt 92 �y/�u ��/�u �y/�u �u/�u 
& ��
"�� ~(� -#;=0I�2 'U�5�= �* ~(�]]n�[][/;C��%	 (�V�C& )= A�'C&)5'��7�*0][x�[[�]Y�]\[�C& �8	)4 j��P .�8�
�

/;C��%	��=~(� Barometr (Gt-Hb-Plg PT00)  V�C&)=A�'C&)5'��70�*][n[�'�a&�& @�C& "#+ ./;C�����=~(��*0Thermometry 

(Gt-Hb-T84) (Thermometry (Gt-Hb-T90)J)J �= '��#� �= gA�)7�*0][o�[^[�8� ( "#+ ��/�& 
"#+ �a&�& U(#< �� A2 �#�&.
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# <u�"��.+ ���@'
�G ���� ��7�C�;+��� �'-+'.���� (3/;C ��%	 �I�2 ����4 '��5'��*0. . .�y�

A4�J"��#;=0I�2 'U�5�*0I�2 ����4 �� ��<�� '��5'��*0�!�./� 0��4)4� �~(� V�C& )= )5�� ]]n[� A�%� �7 ��#*�
I�2'U�5�*0���� C�)=�7��)L()	 |�� �& '#;8�* �)F�& (I�2 "()4 �� ('U�5�*0� 7 '�&� p� �&)9 �4'#�)):.(z9��'���.� ��*0

����C�)=�(�0�&��.� AlIV �= �5�� AlVI ]]�[&)=0zJ''I�2 |�� -'U�5�*0�12 
��4)4� ( -�)�.(

��������� 
�8�
��& RP�> C�)=�����4 � A�%� �*�;b |�� �& �7 #*���&

&�&� ( "��= A#��.�207)J 'gAlm 56.5-58 Sps 3.9-7.7 Prp 6.7-

7.8 Grs 27-31 #;8�* )U(#<^.(�5C�O�0��!& 0��� �

����4�5�� �& "��I8C& �= �*�*0Fe+2/Fe+3 A�&�J V�C& )= �7 
( ��=0)8��'7�8C& ~(� �= ����4 ]]Z[zJ''j��P �"#+ -

�C& �8	)4 .7)J'����4 g(� �*0�C �&��.� �J�
Alm+Sps, 

Prp, Grs �C& "#+ "�&� A�%� )R$+\3F�&.(�*�&��.�0
�'c)! �).�7)J '5�A2� A�%� �*�+�> �� �#;*�'�0�XCa 
(XMgQJ ''j&)��$+2)J0� A�%� &� ����4 �= #;*�&0�& �7 

�= �8�*+�> �.C'��XCa#�(� 0%*�7 �(XMg#�(� 0

&@	&
%�� A�%� �#*� .= �&'�*#�(� -0��%� +�"#XCa 
#�(���$+2)J0� A�%� &� �#*� .� >)� ��0U(& XCa S*�7 �= 

#z= R>&)� �� ( �C& "&).*0� "�(@	& A2 �&#�� )= ���+ .
&@	& �̀ �.z�
SXCa&@	& �})z� 
O� )= p7�> ��%	 S'_

$%J'����4 R�C& .&q���A&�J�7 �I4� R>&)� �� '���#+� 
����4���4)4� )= p7�> ��%	�)J`�= �� 
�&#�� ( "��= �&#�� -

Ca&@	& ����4 
S
�8	��C& .& ��
QJ ����.� -''j&)XMn (
XCa �= R=��J �� 
#$
#�), .&@	&
���4�� S�XMg��?;� �� 0
�@�
+�> �= K'�0QJ �= ''& U�.z� j&)
UXN �� )�;! -

���4)4�G'"#�()%�&��.*���&� .
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bX=�&
9��P ����;'.C�9 �A� �A&)
& �C�;+ ���7 ( �C�;+�� = � /� �yy

����8+? )	+�� 
�8�
���2 �'�?�� @&0WXG 
�*�X7�0I�2 �� ��<�� '��5'��*

7)J ),��%�'gAn 32-36% Ab 63-67%)�#�2 |��
-(A2�C�*
)R$+\3�.(�8� �&
���2 �'& @
��7 -��="�&� "&).*�*0RP�> 

@/J �&
�0+'.'��
I�2 ( ����4 '&)= U�50C�)=��*0��� 3
S�= �� �7 "#+ "��I8C& ��%	�*0#z= 0"#�2 #�&.

����������� �
������������ ;��  " ���� �E�� 

��=�8�
��*0A�.;N� 
�!�./� �� �8	�0��4)4� ���5��b )5�� 
&�&�07)J '��7 g�C�;+��( "��= "��C �N)= �A2 �& (�> �*0

�= ����4��7 A&�;!��* A�4)4� �N�+ �= �7 #;8 "&).*
I�2'WXG ( U�5
��� �� ��X7�3/;C��%	 �&
E;C -���� �*

� �&)9 "��I8C&�4'�).S;7&(�*0J�7 U��5J '���Fe (Mg 
='( ����4 -
��7 K�;�()	 '@
� -
�� ),'= )'J�'G ��'-�7()

I�2 ('�U�5
$�)8�= �& 
�� -'�;C��� -�*0�� "��I8C& ���� 
C�)=��*0/;C��� ��C& .��J
�Fe+2 (Mg='�*��	 -0
;�()	'@
.* -'E;C �� �	��*05h'z��C��� �=�J ��5��b �

�(�� R�&�! 
),0QJ ( ��%	 � .< �& ''7)J j&)'5���7 ��*0
4��'� )'#�)st� A2 )= @.A�'C&)5'��7I 8�� �&)= 0/;C��� �

J�7 U��5J'���Fe-Mg='I�2 ( ����4 -'"#+ �a&�& U�5 �7 #�&
 ��&
N)= �/;�A2 �& �8	)4 �&)9 "��I8C& ���� �*#�& .")8�40
����
Y^�3\]Z�<�� 08��C �( �&)4YZ[ 3Yn]�<�� 0

8��C��= �&)4J)J'V�C& )= gA�)7 ��#��*0][o�[^[&)= 0
I�2 ����4'��5'��*0���� C�)=�=�"#�2 �C�&#�.&
�*��� -

&)+ �=
"���N� _0I�2 '��5'I�2 �J �'�5�'`�= ��
�&��.*�
#��&�)U(#<].(

����������� ������ ;��  " �����E���8+? )	+�� 
�8�
"�� �#;=0I�2 'U�5 ~(� �= �*]]n�[][/;C��%	 (��=

����4 ~(� 3I�2'U�53WXG
�X7� –��#� V�C& )= @J�&�7
A�)7�*0][[3[Y[U(#< �� ]"#+ �a&�& #�& .�*��%	0

A�)7 ��#� V�C& )= "#+ �5C�O��*0�= i�	 J)J'�� g
")8�4�*0\\/^] 3]Y/^]7'���=� n^/^[3[Z/^[ 7'���=� 

[Z/^o 3^\/^o7'( ��=� \�/^] 3[^/^]7'zJ ��=� ''"#+ -#�&

&)+ �= �7
I�2 "���N� _'��5'I�2 �J �'��5'`�= ��
�X��7 
�&��.*�#��&� .�8�
/;C��%	 ���=~(� Barometr (Gt-

Hb-Plg PT00) A�)7 ��#� V�C& )= �*0][n[�'�a&�& @
"#+")8�4 �7 #�&0� ��%	 ',��'-�Z/^]3\Z/Z7'&� ��=� 

� A�%���*��%	 ( #*�0=�A�)7 ��#� �= "#�2 �C��*0 59 �
�J ���� &�'
� �&)9 #�#*�.

A4����������� �	�"�@� �� )���
/;C�����*08C& �= "#+ ��/�& A�)7 ��#� ���4 (� �& "��I 

&�
&)= �0����4 �I< 3I�2 'I�2 ����4 �� U�5'��5'��*0
C�)= �����")8�4 ��*0��� �
Y^�3\Z] (YZ[ 3Yn]�<�� -

08��C ��= &� �&)4�C& "�&� �C� .&
� �= �*��� -',��'��� -�

][±Yx]8��C �<�� ��= �&)4&)= "#�2 �C�0[o�(� 
I�2'U�53WXG 
�X7� _C�J ]^[[�&��.* ���&� .�*��%	0�=

� "#�2 �C�'")8�4 �� @�*0x/^[3Y/Z7'#��&� �&)9 ��=�  .�=
A�)7 ��#� �= �<�J�*0")8�4 �"��I8C& ���� F 8�� �*0

�*��%	0J(�I8� �)�J �X8N& �= 
5�^�J]7'�= ��=�  �C�
"#�2�.* �7 #�&0A2&)+ �= �*
I�2 "���N� _'��5'�J �

�2I'��5'`�= ��
�&��.* �#��&� .&)+
zJ ��%	 ( ��� _''-
&)= "#+0I�2 ����4 '��5'�&)+ �= �*
�*��%	 ( ��� _0zJ''--

&)= "#+0E;C �*0 G�8� '8�"&).* )�*���0˚CYxo�J
˚C�6��*��%	 (0Kbaru/��3�/y"���N� �= )=&)= 0
I�2'��5'`�= ��
E;C �� �*0;4 ����4 '��(�X��7 ��4��C

 �C&][�[.�*�&��.�0��� 3C)J ��%	 '&)= "#+ p0����4 3
I�2'��5'�� A�%� ��*�&)+ �7 #;*�
���)J _
��;'$�)= p7�> 

��4)4��&
E;C -� �= �*'�G A&#
�&#07'��'")8�4 �� �0
I�2 "���N�'��5'`�= ��
p*N��&���&� )R$+Y.(���>

7'��'7 �� �'��'+ �'���4� ( �*�*0@J�&�7 37'��'8�
�	�
 �� "#+�5'7)J "()4 G'8�I�2 "&).* '��5'�����4 ( �*

I�2'��5'�& �*
�J �X��7 &� |�c�� -'
� #�#;7 .&
#*&�+ -
),��%�
�� K'��4)4� )�>�� '�&0��� 3|�� _C�8� ��%	 

((��=
&)= -0&
�!�./� -0��4)4� �&)+ �& �7 �C& 
_
"���N�0+'��|()+ @5C"���N� �J (0I�2 '��5'`�= ��
(

%�= :(1 ��b2� G�8� �� '�G �*'�C& �8	� S.
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# <u�"��.+ ���@'
�G ���� ��7�C�;+��� �'-+'.���� (3/;C ��%	 �I�2 ����4 '��5'��*0. . .�y�

A4�K7)J '����4 g�*0I�2 ����4 �� ��<�� '��5'��*0�!�./� 0��4)4� �(� )5�� 0�C �&��.� �J�
)Alm + Sps-Prp- Grs ()F�& (�&��.�
�'7)J �).'5�XFe2=Fe+2/(Fe+2+Mn+ Mg+ Ca), XMn=Mn/(Fe+2+Mn+Mg+Ca), XMg=Mg/( Fe+2+Mn+Mg+Ca), XCa=Ca/( 

Fe+2+Mn+Mg + Ca) +�> �.C �= �8�* �& ����4'QJ �= �7 �''J&)��C& "��= "&).* ):(7)J ('WXG g
�*�X7�0����4 �� ��<�� 
I�2'��5'��*0�!�./� 0��4)4� �(� )5�� 0�C �&��.� �J�
"�� #;=0�*���C# 	 )�.(

A4�L��&��.P-TI�2 ����4 '��5'��*0�!�./� 0��4)4� �V�C& )= �7 )5�� ")8�4�*0zJ ��%	 ( ��� ''C)J "#+ -'�C& "#+ p.
�*��%	 ( ���0�=&)+ �= "#�2 �C�
"���N� _0I�2 '��5'`�= ��
p*�&�N�#��&� .

�	�� 
���A�=�� 
��)C ��'-�*0��4)4� ��=�<��0zJ `�= ''E;C -����

��4)4��;4 � .< �& 'TI�2 ( �*'��5'��IJ �� �*'9� )'k
-C/;C�( �*R$+4')0�*0.*& A�4)4�'� �
��0��&� 

][Z[.&)OP j&#*�%��
9�'� A�%� k���=�8� �7 #;*�
�-
�*0�!�./� 0��4)4� �)5�� ��= ��5��b &� j��P
` �K
�#;=0

=�C���(& '"�)7 �?9 &� �#�& .#*�%� V�C& )=&)OP j&�
��
�� �&�/.* kh�;�'� �"�7)8+ )�&� )= "(X! A&�J
K�*0��= 0�

"�&#4�*0��= 0� &� _C&(#> �J '�= @E;C A&�;!���� 
I�2'��5'��*0���� C�)=��	)4 )�� �� .& &q�
E;C -�*

&�&�0*�� '�12 �
� ( "��= -�A2 A&�J�J�& &� �*3I�2 '��5'�
���'#."�&��*0+�aW'.'��
7)J'g)P�;!  P&�A�%� ��#;*� 

I�2 �7'��5'��*0���� C�)=�&�&�0���� 
)SiO2 (52.14-
70.96%)�FeO (3.61-6.92%)�MgO (3.13-8.33%)�

TiO2 (0.55-1.65%) � (',��'-# Mg  �= )=&)= xY#;8�* 
)U(#<[.(&)=0zJ''-"�,8C�NI�2'��5'��*0���� C�)=��&

�&��.�TiO25���= �MnO ]xo[& �� �7 "#+ "��I8C& 
-
���.� ��&��.� �� �*")8�40I�2 '��5'��*0�="�,8C�N�12 
-

� �&)9�4'#�))R$+n�.(�&��.�Na2O/K2O�= �5�� 
SiO2]x^[� A�%� �#*� �7&
E;C -&�&� �*07)J '��&��= g
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bX=�&
9��P ����;'.C�9 �A� �A&)
& �C�;+ ���7 ( �C�;+�� = � /� ��6

�#�2 �J
8�&��= ���.'� 9'��
#;8�* )R$+n3F�&.(z9��'�
7)J'5�A2�*���&��.� Th �= �5�� Co ]x][�'*�� @'�
$*2�3 9'��
A2� A�%� &� �*�#*�)R$+n3:.(

&
E;C -&�&� �*0�,�& 0REE+ �= 'X� g
�& pLREE 
�.C �=HREE���� �= �7 #;8�* 
�5�� )La(N)/Yb(N) =

3.81-7.55 � ��%��#��+ .&
7)J �= �,�& -'_C&(#> g
)�#�20�=8�&��(&
E;C -�&��.* �*���&� .I�2'��5'�(� �*0

J�5$;! �&��.���= �5�� "#+ ��/;�= NMORB ]x[[�
�J�4#+��&Nb, Ti (Zr;b (�4#+��&Pb )P�;! (

LILE #;��� Cs, Rb, U (Th� A�%� �*�� �= �7 #;*�'�
$*2�3 9'��
&
E;C -�&��.* �*���&� )R$+�3F�&.(
I�2'��5'��*0"�L ��?;� p<3='� #;.<��'�*�,�& �@0�?�� 

)IJ �J
k
�& �8	�LREE)La (n)/Yb(n) = 1.1-8.8 ( A�%�
��*�� �7 #;*�'$*2 ��3 9'��
&
E;C -�J ���� &� �*'
#

� �&)9�#*�]]^[.QJ �&��.�'')P�;! j&)REE "#+ ��/;�= 
�#;7 �= �5��
�]xx[7#�& �;b�4#+�)P�;! �& LREE�

�J A(#=�4#+��& ��%� Eu�,�& (�
&)= �?�� 0)P�;! 
HREE� A�%� �#;*�)R$+�:.(

E�#$M�8�
���2 �'+ @'.����.� R7 E;C �*0I�2 '��5'8��!�./� 0��4)4� �)5�� .
I�2 '��5'�

Sample No. B62-1-2 B9-2 B75-1 B129-
2

B22-1 B31-8 
Major elements (wt %) 

SiO2 ��/�� �y/�u ��/�� 6�/�u ��/�� ��/��
Al2O3 ��/�� ��/�� �u/�� u�/�� ��/�� ��/��

FeO ��/� u�/� y�/� y�/� �u/� �u/�
Fe2O3 �y/� y�/u �u/� ��/� 6�/� �y/�
MgO u�/� ��/y u�/� 6�/� ��/� ��/�
CaO ��/� u/�6 u�/y 6�/�6 ��/y 6�/�6

Na2O ��/� y/� u�/� ��/u ��/u ��/u
K2O ��/6 ��/6 ��/6 6�/� ��/6 ��/�
TiO2 �y/6 ��/� ��/6 �y/6 uu/� ��/6
P2O5 ��/6 u�/6 �u/6 uu/6 u�/6 ��/6
MnO 6y/6 6�/6 ��/6 ��/6 ��/6 ��/6

Cr2O3 66�/6 6��/6 6uu/6 6�/6 66�/6 6��/6
LOI �/6 � �/� �/� �/� �/�
Sum y�/�� ��/�� yu/�� �y/�� y�/�� ��/��

Trace elements (ppm) 
Ba �� �6 �� u�� �y� u�u
Be u u u � u �
Co u/�u �y �/uy �/u� �/u� �/u�
Cs u/6 �/� �/6 �/6 y/6 �/�
Ga �/�� �� �/�� �/�� u/�� �/��
Hf �/� �/� �/u �/u �/u �/�
Nb y/� y/y � �/� �/� �/u
Rb �/� u/� �/� y/uy �/u� ��
Sn u u � � � u
Sr �/u�� �/u�� �/��6 ��y �/u�� �/u��
Ta �/6 �/6 �/6 u/6 �/6 �/6
Th � �/� u/� �/u �/� �/�
U �/� �/� � � y/6 �/�
V u�� u�� ��6 u�6 �y� ��y
W �/� �/� �/� � �/6 �/�
Zr �/�u �/��� �/�� y6 u/yu �/��
Y y/�� �/�� �/�� y/�� �/uy u/��

Rare earth elements (ppm) 
La ^/]o �/u6 �/� �/�� �/�� �/��
Ce �/�u y/�6 �/u6 �/�� �/�� �/u�
Pr 6u/� ��/� �u/u ��/� �/� �/�

Nd �/�� �/u6 �/�6 �/u� �/u6 �/��
Sm ��/� �/� ��/u �y/� y�/� ��/�
Eu ��/� y�/� y�/6 ��/� u�/� 6u/�
Gd y�/� �y/� ��/u ��/� 6�/� ��/�
Tb ��/6 �u/� �u/6 ��/6 ��/6 ��/6
Dy �y/� ��/� ��/u 6�/� y�/� 6�/�
Ho �u/6 �/� �/6 ��/6 ��/� �y/6
Er y�/� u�/� ��/� �u/� ��/� ��/�

Tm u�/6 ��/6 u�/6 u�/6 ��/6 u�/6
Yb y�/� �u/� ��/� �y/� y�/u ��/�
Lu u�/6 ��/6 u�/6 u�/6 �y/6 u�/6
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