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24k)&,�$�(19C)�8�3 ��,��)
;�(18G)�8�3 ��,��)
;�(��6.� 
��P&8-	 5$��;$�E,$:!8 @6?$M�3 E,$:!8 ��P&8-	E$%�L!"@6?$M�3"-L
�E$%�L!" ��P&8-	 @6?$M�3��L�

�{/�� �y/�s �{/�� ��/y� �/y� {�/y� �{/�� ss/y� s�/�� ��/�� �s/�� sy/�� ��/y� SiO2

`1/`�/���/�� ��/���/���/��y/�s�/�{/�`�/`�{/��s/�yy/�TiO2

��/�� ��/�� ��/yss/�� �y/�� ��/�� �{/�� {y/y��/�� y/�� ��/ys�/�{ y{/�� Al2O3

��/���/���/���/��s/�� ��/{{�/��s/s�s/�� �{/�{ {�/���/�s/�� FeOt

��/��/��{/��/��y/��/���/���/��y/���/���/���/���/�MnO

��/��/���/��/���/�� �{/���/���/�� �/�� �{/�� {�/�� �{/�s/�� MgO

��/�� �/��{/�s y�/�� �s/�� {{/�� {�/�� �/�� {�/�� �/���/�� ��/�� s�/�� CaO 

{�/���/�� �y/��{/���/���/�{�/�y�/�s{/��/�y�/��y/�{/�Na2O

��/���/��/��/�{�/��/���/��/���/��/��/���/��s/�K2O

s�/�s s�/�� y�/�{ uu/iv ��/it i1/iv �{/�� �s/�� ��/iu hu/tu �s/�� {{/�� 1u/iu Total

{�/��/��/�y�/���/�yy/���/�sy/�s�/���/�s�/�y�/��s/�Si 

�/��/�{�/��/���/��/��/���/���/��/���/��/���/�Ti 

�{/��v/1�s/�s/���/���/1�y/���/�AlIV 

�y/��s/��s/���/���/��i/`
uv/�
i/���/�y�/���/�AlVI 

�/��/��y/��{/�{�/�y�/���/��s/��/��/��{/���/��/�Fe3+

�/��/��/��/���/��/��/���/�ys/�s{/���/��/�y�/�Fe2+

�/��/��/��/���/��/��/��/���/���/��/��/���/�Mn 

�/��/��/��/���/��/��/�sy/��/��{/{s�/��/�`/hMg 

��/��/��{/���/�{{/���/��{/�{{/���/��/�s�/���/�{/�Ca 

�/���/��/���/�{y/��/���/���/�s�/��/���/�y�/�{�/�Na 

�/��/��/��/���/��/��/��/���/��/��/��/��{/�K

`/�ii/vih/1i1/uh�/�� i�/uiu/vti/h�1/�� tt/�i i�/hii/vvu/�� Sum  

�� s�t�u���s�Mg# 

h�/`ht/`hu/`NaB

�/�� �/�s �/�� {/yy Ab 

�/y� �/��/�� �/�y An 

�/��/�s/�s/�Or 

�{/�� �y/�s �i Xps 

`1/`�/��� ��Di 

��/�� ��/�� �� {Hd 

��/���/��s ��Opx 

��/��/��� ��Ts 
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($�,�"D��)3"k� �D&3 �$( �����)�$"L� |
��
R,"
, �&�'( ���L ! �&�'(�6-) �-<� �{s

 ��,�, �0/D
)�
�6$�(26C &,�$�( ) 27C ��6.�

����# 
6G&6�
�"-L
���P&8-	 

(�9$�>L"� 
��P&8-	 @6?$M�3��L�

s�/y� ��/��y/��y/�y��/��{�/����/���/�� ��/����/��{�/�y��/yySiO2

��/���/��/��/��/��{/��{/���/���/��/��/���/�TiO2

�y/�� y�/���/��sy/�{��/��{�/��{{/��s�/����/����/��s��{�{/��Al2O3

��/�y�/����/���/���/�ss/�sys/�s��/����/���y/��/���/��FeOt

�{/��s/��/��y/��/�y�/{��/{�y/�{sy/���/��/���/�MnO

{/�s�/{�/��/���/���/��y/���/�s�/���/��/���/��MgO

��/��/���/���/��/���/���/���/���/���/��{/��y/��CaO

��/��/�y�/��{/���/���{/���/���/��y/���/s��/�s�/�Na2O

{�/��/�{y/��s�/����/���/���/��/��/���/���/�y��/�K2O

`�/ih `v/tu��/��s{/����/�����/����/���{�/���y�/����s/����/���t/iuTotal

��/���/�s�/���/���/���/���/�s�/�s{/�{�/���/�y/�Si 

�/���/��/��/��/��/��/��/��/��/��/��{/�Ti 

{y/��/�`t/``t/`�/���/���/�AlIV

��/�{�/�
��/��{/��{/�

t�/�t�/��/��/�
��/��s/�

�y/�AlVI

�/��/��/��/��/�1v/`��/��/���/��/��/���/�Fe3+

��/�sy/��/��/��/��y/���/�s{/��s/��/��/���/�Fe2+

�/�ys/��/��/��/�y�/�ys/���/���/��/��/���/�Mn 

�y/��/��/��/��/��{/��{/��/��/��/��/���/�Mg 

�/��/��{/��/���/�yy/�y{/���/���/���/��/�{/�Ca 

�s/��/�s�/���/��/���/���/���/��/�{�/��y/���/�Na 

��/��/���/���/���/��/��/��/��/���/�s{/���/�K

it/�h u/�iiu/vit/v`1/�iv/ui�/u�/ti�/uit/v`�/�tt/�vSum

�v �vu�syMg#

hh/`NaB

s� hs��/{��v Ab 

�{ �/`�{/���An 

1�/i���/�t�Or 

�� ��u/`�/`Grs 

�` �`1hPyp 

�� ��h`htAlm

�u �����tSps 

{� Ms 

�1 Cel 

�v Pg 
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8-X�� ��.( �yR�;��� ����y o'& ,��
(6]^ �$.���L !�&�'(�5�.#�� $�,6� %&6], A�. . .�{�

;4	E")�')A$��5 D�=�,�6.� @6?$M�3 D8')]�y[@6?$M�3 D�=��6.� �� �6X6� �=D&�") ��6� ����#��E �6� �, N�58.7
��<�,��& !
�8';�= .

8���(�&����� �
!�� ��F� � ��% 
G����%H��F�  
��A�* �I�� 
�)�'�,� �U&,!D�E
�,8D";�#� M�3 $@6?)��+	��51h
L$��� ! ��)6-Dv`` �5 ���`�X�� D;��& ��,"#(, �
��L %��,

.=,$! �
 Q,D�?&�4� �� D �65 ��+	 ! ��� �=D��+M+53 �!
�6M�DG=3 �-I$��
�=�,6� D,>=6L �
�&, �,��6/") ]��[.

�
�$.$( [$L"5,
�L %������+	 F�,67 "$��5 �45 ��� �L"5$[
($.$��
 �,8#"# �
#8�>�! RQ$�L, R,>$� Z3 �� �6X6�

.#���&�]�u��t[.R,>$� %$) A$�;�� �U/ �U),� B

 �6-?5 D��� ! V.7 ! @6?$M�3 A$��;$5 ! A$'$�6�3�.#���

&�")$��D�=�*+
���3�)$��D�,R,"*+=!QE  8$&� :�?�, �) 
�&,]�t �1v[.)��U&,!D�U),� %
, ���� ��<'&��+	 

 �65 @6?$M�3 D�6M� D�= ����+M+53 !)��6K'���!,") V.7 
! �6-?5�.#�� ��.<�, D��� ! �'
>*
�X �� �,"I  ��M;&, ��6� -
�"$#./,$N,"]�i[L"5 �,  ��M;&, �) $M�3 [$��� ")  !27 �@6?�

<'&��+	���, �
)���=�
�,  ��M;&, �)"#
#8�>��L,$�RQ
�$L"5 ! Z3 R,>$[ �,8# �,� 0�<�, 8�, .�$*��$%R6$5�L D�=

 A$'$�6�3 �6X6� @6?$M�3 ����6.�&�") ��6� D�=���,ih/��5
h�/1R,>$� !R6$5�LD�=$��;$5 6�, 0��/`�5h1/`�&, "$};� .

,
���� %
�6�3 "$'$5 ! A$��;$��+	 @��Y� Au/v�5`�/i��)6-$L 
��� !Du�� �5 �``��X�� D�;��& �,"#�&,�!� �) �L -

�=D��� m-;�� �<'&��+	��?&�4�  8(8�,)@!8X1.(0�r
 �)
�!3 ��D<'&��+	 �L �&, �M�3 $�) @6?�!�]�i[�) ��6q

� �) C&6;�$R,>1L$";.L ��+	 ��)6-D�) �?�� ,� �!��=D
<'&��+	�� R�+� �8=�.]1h[ �"L R�+�"q�/ �L 8�, ��

����<'&��+	�M�3 $�) @6?�!�]�i[ 8( �?&�4� ��+	 �
��#��& ��� �) �?��D";.L D �,� �) �=D&�") �, FW�9 ��=D

���3
=�*+�� R�+� �,�� 8=���L$&,"?$R6�=D 8( 0�<�, �)-
&!$R3 �- �=<'&����"5"?;Y� D� Z6�4� ��6( . ��M;&, �)

L"5 �,$M�3 [$@6?�=D&�") ��6� ��) !#��L$"D�!� ]�i[

�$�.#�� �� �6X6� Z3 R,>D 8���& D��6.� �=D&�") ��6� ��
��5t�&,  8( ��!3") 8W�� .<'&�����) �;	"# :�6W -

�!�]�i[,") D��6.� �=D&�") ��6� �O$&,� �, "$� ��.(
27C�D��� �, "5r�)i�`�X�� D;��& �� R�+� ,� �,"#�8=� .

��
�.#�� BD6;4� D��5t�) �Z3 8W�� �U&,!D/�5 $�� "
^2E �6-?5
,>	, %.d ��2L6
 ";�# SD�E
�,8DM�3 $�@6?

G+5$, F
��L %��,
B �,8#'O��6�3 �, $'$! �;	"# :�6W A
;� ��$��� �<D���� �, "5r�)  8( �?&�4� �6-?5 
YI,! "��&, 

]1�[.�G��'wS�) �� �L �=D3
 8'=,6/ R�+� $�,� A�FG(-
#$"D�=D�.#�� �
) ��U'� $,"	 �, "��;� ";+
8',8X
S

M�3$�&,  �6) @6? .:!�M5�=�
��� �
,")  8( �?&�4� D
��6.��=D(�� �&, %G.� m-;�� �}5 �, $$L"5 :,"$?� �,8# 

q�,8X m-;�� F9,"� 
M�3 S$8(�) @6? .�=�?( �) �X65 �)
L"5$?�M�3 $��6.� @6?D&,� $;�24K�,��) �,6�, !�8�3 �
;��

�'�,�D�
���  8( �?&�4� �)<'&��� �M�3 $@6?]�i[,") D
,
"�5 ��6.� %
��6.� �)�+� N�?�=D�8�3 ��,��) 
;��&, .,
%"�, 
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($�,�"D��)3"k� �D&3 �$( �����)�$"L� |
��
R,"
, �&�'( ���L ! �&�'(�6-) �-<� �s�

)$R�M�3 �L �&, R3 "#$�.#�� �� �6X6� @6?D&,� $;���	 
�6-?5
�.#�� �;	�D��) 
B�.#�� T�5, "5�
�.7 ��L �&, �)

,"	 0�<�, �6X!
8'M5"
V�.#�� �� D&,� $;��;	"# FG(
����
I�) ��&,  8��� .���� ,��
�)  8( �?&�4� ��+	 ! ��� "-
&!$�-DM�3 $@6?�=D�.#�� �
,
��6.� ��6# %! ��� @��Y� ��=

M�3 ��	 �6-?5 ��+	$�.#�� �� @6?D�����.#�� T�5, �
.7$V
 8''L6#��) !  �6)D��� D�X V.7 ! ��.<�, 
>*
'��>5 !
V

 �65�=D�$�6M� �.D&,$8D��U'� �$��.���= �6X!D
5�!�<��~Y) n,"q, �� � �65 �, M�3 >L".5 ! �=$�� @6?

(�9$�DX��/ �~Y) � �65 �, �=D�$�6M� �.D�):�6W
(�9$�D)  8( �"& $�X "*��
>*
'��$.7 �.$V
4U& ��
 �65�=D�$�6M� �.D&�") ��6� ��&, .

JH�A�* �I����% 
�H�K�
��KL 
8'-?��6= �<'&��� �!���2L6
^2E�
G��,A���!� %
"5-

�=DD��� %$$Y5 �.#�� ��.<�,�&, .�, FW�9 D�=���
8'-?��6= �<'&�����2L6
^2E]1�[@!8X ��1 8( �],�, 8�, .

!� "=��L �M�3 @�/�, $"L6'	 �� �6X6� @6?
^2E ��
�) �2L6

<'&��� �6K'��M;&, ��6� �;	"# �,"I  ��,8�.��+	 �'�,� ��t
��)6-$L ) D�����,  8�3 �&�u�� �5 �``u�X�� D�;��& -

�,"#}5$$� "�8'L .
���Dr�) D, �,  8( �?&�4� 
� �!� %$n"Y� Nr�.;9, >

M�3 �6-?5$^2E ! @6?
�.#�� �� �2L6D�)���Dr�) DT�5, 
�.#���
�.7 ��&, .

	
�����
�
><5 �
�;�DFL o'& �
�$.$(�h,� �, ��6.� 
! B

�=8?'#D��U'� )@!8X h(R�+� 8'=�Dg$-$& �,8�� 
tv/�1 �5 1t/uv A$'$�6�3 ��,!,"	 ! 8W�� )�v/�v�5i�/�t 

8W�� (R3 ���&�= .�$R,> �, A
8&��/��5�y/�8W�� !
&�;E$�, A1t/`�5u�/h};� $�&, ".�, A$&�;E �) A
8& �?��
ys/��5��/�� �&,.

")�') D�=�,�6.�  ��o'& D8')%
��3 D�=]1u[��6.��=D
&�") ��6���,�,� Dq$L"5 m$?��8�3 ��,��) 
;�� �5 
�6$�

8';�=)FG(�m�,.(�5!� �,�6.� ���
K2O-SiO2]1t[
)$��6.� ";+&�;E �6� �, �=$8';�= C&6;� A)FG(�Z.(

 �0/ 2<'&��� �
�;��M�3 $@6?M�3 �$@6? �^2E 
<'&��+	 ! �2L6�M�3 $��6.� @6?�=D&�") ��6� �.
P (±3 kbar) = -3.92 + 5.03 Altot,  r2 = 0.80     [20]
P (±1 kbar) = -4.76 + 5.64 Altot,  r2 = 0.97     [21]
P (±0.5 kbar) = -3.46 + 4.23 Altot,  r2 = 0.99  [22]
P (±0.6 kbar) =  -3.01 + 4.76 Altot,  r2 = 0.99 [23]
P(±0.6 kbar) = 4.76 Altot - 3.01 - {[(T°C) - 675]/85}×{0.530 Al + 0.005294 [T (°C) - 675]},  r2 = 0.99 [24]

<'&����
M�3$@6?  M�3$@6?�^2E 
�2L6  

<'& ��+	�M�3 $@6?  
��6.� 

[�i] [1�] [1`] [1�] [11] [1h] [1v] [�i]
18G 
�8�3 ��,��)
;� i��-i�1 i�`�th1 At 8Kb: h/� - t/� u/� - h/u �/� - �i/� u/� - �u/u u1/� �/��t/v

19C 
�8�3 ��,��)
;� iiu-�``� At 8Kb: T=iih-�``u �v/u - v/t `i/t - `�/i �t/� - i/� tv/u - ��/t �/t ��/��v/�

24K 
&,�$� iut-iit At 8kb: T=i�u �i/u - i�/u u/u - �/t tt/� - �1/� ��/u - 11/t 1/t `�/��i/�

27C 
&,�$� tiu-i`� At 8kb: T= ui`�u��  ut/� - iv/� �1/� - v1/u u�/v - �u/� �u/� - 1u/u ��/� `v/v�v
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8-X�� ��.( �yR�;��� ����y o'& ,��
(6]^ �$.���L !�&�'(�5�.#�� $�,6� %&6], A�. . .�s�

 �0/M
Sz26Sz34Sz21Sz20cSz38aSz27aD21Sz1aI35Sz29aD1Sz18dSz7c

1t/uv`u/uh��/��/u`��/�ttu/��vu/��h�/�v1h/�h�i/�i�/��`1/�htv/�1SiO2

`�1/``ii/`�`h/`u�/`1t�/`h`h/`1�i/`hh�/`h�/`�1�/`ui1/`u�t/`tv/`TiO2

h�/���v/�v1i/�i/����/��t1/����/�u��/��i�/��1�/��i�/�tv/�u�1/�uAl2O3

t�/`i�/`1u/�it/`u�/�`v/hi/1�t/h�h/vt�/��i/uhv/��v/iFeO*
`u/``�t/``�u/`h�/``�t/``�/`�1�/``�v/``t/`�`�/`�v1/`���/`1u�/`MnO
�u/`h�/`1�/`1�/`hu/�h�/�hh/��u/�tv/��u/h1t/h��/�h1/vMgO
vi/�th/``v/1iv/�uv/�v/hu/h�/vuh/vhii/v�h/vi1/tCaO
�h/�`i/�1h/�`h/��v/���/���/�vv/v1�/vu/u�h/vhh/�h�/hNa2O
v�/1�h/1�/1�t/1t�/hhv/��/�v/��v/�u1/`v1/1��/11t/`K2O
`v/``i/``�/``v/`��/`�v/`1�/`�i/`1/`��/`v/`1h/`�u/`P2O5

��/`ii/`��/`�1/�1�/���/���/�t�/1uv/1h1/��u/1�v/ht/`LOI
v/�``�u/iti�/��/it1v/ii�h/iti/�``iv/ii�1/iiv/it�`uh/itv�/itTotale

�<��<�<v�h�����`�u1tSc
1�11��<��<�<�<1��<Be
�<��1i�1�t1uuvuh�1t�`h�v�1�vV
1`<1`<1`<1`<1`<1`�`1`<1`<t`1`<�t`h`Cr
�<�<�<�<���tt�u�u111�Co
1`<1`<1`<1`<1`<1`<1`<1`<1`<h`1`<u`1`<Ni
�`<�`<�`<�`<i`1`�`<�`<�`h`v`v`�1`Cu

i`h`<h`<h`<h`<�`�`v`�`��`�1`�`t`Zn
1`���t�t�t�t�������i1`�t�iGa
�1�v���h�`1�1i1u1��vuhh�Rb
1i�h��t�huuh�vhvi1�thu`�t``11i�1�t��h��Sr

�/v1/�h/h1.th/11/t�`�/�1/�u/�v�/1hu/�vi/�iY
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