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TiO2 d�/a ��/a `�/` z�/a �/a �/` ��/a a�/� �`/a n�/a ``/� ��/�
Al2O3 � ��/� �z/� n�/d d�/� �`/� �n/� a`/z ��/d `�/d `�/z d�/z
FeO �d/� d/d a�/� z`/d d�/d ��/n dz/d ��/n ��/� �d/� ��/n �/z
Cr2O3 ��/a `�/a `�/a ad/` ��/a a�/a ��/a an/a `�/a �n/a `�/a an/a
MnO an/a an/a az/a an/a `d/a `�/a a�/a `�/a `n/a a�/a `/a `/a
MgO ��/`� `�/`� ��/`d nn/`d ��/`� z�/`� `z/`� z�/`� nz/`d a`/`� ��/`� `d/`�
CaO ��/�� nz/�� a�/�� nd/�� a�/�� n`/�� �z/�� a�/�� a�/�� ��/�� ��/�� �n/��
Na2O �d/a `�/a �d/a ��/a `z/a �z/a ��/a �/a ��/a ��/a ��/a �/a
Total ��/`aa �`/`aa ��/�� �`/�z a�/`aa zz/`aa n�/�z `n/�� ��/�� �d/�� ��/�n an/�z
TSi z�/` zz/` nz/` z`/` �a/` n�/` zn/` n`/` z�/` z�/` ��/` ��/`
TAl `a/a ``/a �`/a `z/a a�/a ��/a `�/a �z/a `n/a `�/a �`/a ��/a
M1Al a�/a a�/a a�/a a�/a a`/a ad/a aa/a a�/a a�/a a�/a ad/a ad/a
M1Ti a`/a a`/a a�/a a�/a a`/a ad/a a`/a a�/a a�/a a�/a a�/a a�/a
M1Fe3+ a�/a a�/a `a/a `a/a a�/a `�/a a�/a `�/a ``/a a�/a `�/a `n/a
M1Fe2+ a,aa aa/a a`/a aa/a aa/a a�/a oo/o ad/a a�/a a`/a ad/a a�/a
M1Cr aa/a aa/a a,aa a�/a a`/a aa/a a`/a aa/a aa/a a�/a aa/a aa/a
M1Mg z�/a zn/a nz/a z`/a �/a n�/a zn/a na/a z`/a z�/a ��/a �z/a
M2Fe2+ a�/a a�/a a�/a a�/a an/a an/a ad/a a�/a a�/a a�/a ad/a a�/a
M2Ca ��/a ��/a �a/a �d/a �a/a �/a ��/a �`/a �`/a ��/a ��/a �`/a
M2Na a`/a a`/a a�/a a`/a a`/a a�/a a`/a a�/a a`/a a`/a a`/a a�/a
Al(IV) a�/a ``/a �a/a `n/a a�/a ��/a ``/a �n/a `�/a `�/a ��/a �`/a
Al(VI) a�/a a�/a az/a ad/a a�/a a�/a a�/a a�/a a�/a ad/a ad/a az/a
Al(total) `�/a `d/a �z/a �`/a ``/a �z/a `�/a ��/a �a/a `z/a ��/a �z/a
Mg# `�/�d `�/�� ��/�a a�/�� �a/�` ��/zz �`/�� �a/zn dn/�a ��/�� `�/z� a�/z�
Wo(%) �a/d� ��/d� �d/�` ��/�� zd/dn a�/�` `d/�a ��/�� ��/�a ��/�a �d/�d �d/�d
En(%) z�/dz �a/d� ��/dd �`/d� ��/dn d�/d� �n/dn a�/d` �d/dd ��/d� d�/da �n/da
Fs(%) �z/� dn/� d�/d �d/� �d/d �d/� `�/� �z/� n�/d za/� �d/d ��/d
T(� C )  `�`� `�`a `�`� `�a� ``�` `�a� ``�� ``�` `�a� ``n� `�an ``n�
P(kbar)  ��/a zn/a n`/� n�/a `�/` aa/` �`/` n�/� a�/aM �a/` �d/a �n/�
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�;/�P �w%	 �?�xP ��6���R �6�y� 8#�
# �/�.� ���B � �/�.��()? �)_� �dd

 ��(DE�@�
F_2 �
� �
���()? {&#��<F0�
)B F%<(.%$�B��-./ �� ��0@�#&�? �8#(�3 ����9 �� $/(6# .��@X�/ :(��	0���3 Q�/#�? �N2# 
�B#%�/#  +� �O/�W� 8\ .�����3�?0��� 2�2 �? �()O2 ��"	 �%2�< I/(2  +� �6#�# S]��7� Q�/# �? K%�B�]`a[� �%;%�]``[+.@�� .

Min Min 4 Min 5 Min 6 Min 7 Min 8 Min 9 Min 10 Min 11 Min 12 
A����� 7;) A��) A��) A��) A��) A��) A��) A��) A��) A��) A��) A��) 

SiO2 a`/d� ��/�` ��/�� zz/�` �d/d� zz/�d ��/d� n�/�� dz/d� n/d� an/d�
TiO2 az/` ��/a d/a d/a ��/a �n/` �z/a a�/a d�/� ad/` `n/�
Al2O3 d�/d n�/� z�/� �/� `�/d �/`� 5 �`/�` ad/� �/d �z/z
FeO ��/n ��/� �`/� `�/d ��/� d�/`� ��/� �n/z d�/z ��/� ��/z

Cr2O3 a�/a �z/a n�/a zn/a `�/a aa/a �/a aa/a a�/a ad/a a�/a
MnO `�/a `/a a�/a `d/a `�/a ��/a `/a an/a ``/a `z/a `�/a
MgO zn/`d ��/`� ��/`� ��/`� �`/`� ��/n a`/`� ��/� nd/`` nd/`d `�/`�
CaO `�/�� �n/�� d/�� �/�� �`/�� �/`� ��/�� nd/�� z�/�� �`/�� ��/��
Na2O `z/a `z/a ��/a �`/a `�/a an/a �n/a a�/a ��/a ��/a �/a
Total dz/�� ��/�� d�/`aa d�/`aa �`/�� �d/�a d/�� �/�` ��/�z ��/�� n�/��
TSi z�/` z�/` �a/` z�/` zd/` dn/` z�/` �`/` �d/` z�/` �z/`
TAl `z/a ``/a `a/a `�/a `n/a ��/a `z/a d�/a ��/a `n/a ��/a

M1Al a`/a a`/a a�/a a�/a a�/a ��/a ad/a �d/a a�/a a�/a a�/a
M1Ti a�/a a�/a a`/a a`/a a�/a a�/a a�/a aa/a an/a a�/a a�/a

M1Fe3+ `�/a an/a a�/a a�/a ``/a �`/a a�/a aa/a `�/a a�/a `�/a
M1Fe2+ a`/a aa/a aa/a aa/a a`/a ad/a aa/a �a/a a�/a ad/a a�/a
M1Cr aa/a a`/a a�/a a�/a aa/a aa/a a�/a aa/a aa/a aa/a aa/a
M1Mg z�/a z�/a z�/a zz/a zd/a dn/a z�/a `�/a ��/a z`/a �n/a
M2Fe2+ `a/a a�/a a�/a a�/a `a/a �a/a an/a aa/a a�/a a�/a a�/a
M2Ca zz/a z�/a �`/a z�/a zz/a ��/a �`/a aa/` ��/a z�/a ��/a
M2Na a`/a a`/a a�/a a�/a a`/a a`/a a�/a aa/a a�/a a�/a a�/a
Al(IV) `�/a a�/a a�/a `/a `d/a �/a `�/a d�/a ��/a `�/a ��/a
Al(VI) a�/a a`/a �a/a �a/a �a/a ��/a a�/a ��/a an/a ad/a az/a
Al(total) `�/a ``/a `�/a `d/a `z/a nn/a �`/a a�/` d/a �/a �z/a
Mg# nd/zn `�/�a ��/dn ��/�� zz/d� �z/a` �`/zd �z/�z zz/�a z�/�� �`/z�

Wo(%) ��/d� ��/d� `�/dn ��/d� �z/d� an/da n�/dn ��/�� z�/d� ��/d� ��/d�
En(%) �d/d� �`/d� ��/d� na/d� d�/d� ��/�n d�/d� aa/`a �z/�� �`/d� ��/��
Fs(%) �d/d� zn/z ��/� nn/� ��/`` ��/�� n�/z nn/�a �n/`d dn/`` a�/`d

T(� C ) ``�� ``z� `�`n `��a ``z� `�a� `�an `��� ``d� ``n` ``��
P(kbar) �/aM �/aM n/a �/� �/a �/`d �/� �/`� �/` �/aM �/�

��(D  )��� E
Min Min 13 Min 14 Min 15 
A����� 7;) A��) A��) A��) 
SiO2 ��/dd ��/d� z�/dd
TiO2 ��/� zz/a a�/�
Al2O3 ��/z d�/d �d/z
FeO dd/z �`/� �n/z
Cr2O3 `/a aa/a a�/a
MnO ``/a ��/a `/a
MgO n�/`` an/a `n/`�
CaO �n/�� �/`� a�/��
Na2O �d/a d�/�� �d/a
Total an/�� zd/�� d�/��
TSi �n/` z�/` �z/`
TAl ��/a `n/a ��/a
M1Al a�/a a�/a a�/a
M1Ti an/a a�/a a�/a
M1Fe3+ `n/a `a/a `z/a
M1Fe2+ a�/a aa/a a�/a
M1Cr aa/a a�/a aa/a
M1Mg ��/a zd/a �z/a
M2Fe2+ a�/a a�/a a�/a
M2Ca ��/a ��/a ��/a
M2Na a�/a a�/a a�/a
Al(IV) �/a `�/a ��/a
Al(VI) an/a ad/a az/a
Al(total) �z/a `�/a �z/a
Mg# zn/�` d�/�� z�/zz
Wo(%) zz/d� ��/dn d�/d�
En(%) ��/�� �n/d� ��/��
Fs(%) �a/`d dd/z �a/`d
T(º C )  ``d� ``�� ``��
P(kbar)  ` �/a �/�
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+)H�� ��;� ���8�@�?�2`��n��B �;%� �)B%<(.%-./ �� $�B����0@�#&�? �����9 $/(6# . . .�d�

��(DFF_2 
� �
�����/+)	 {&#��<F0-./ �� �(H(� ��0��"1"23 �2�B �O/�W�  #�;� �? 8#(�3 ����9 %8(Q�/#�? ��z�B# N2# %8\.
Sample �(��>���C G� G����� ��CG��

SiO2 `a/�z ��/�z �`/�z �a/�n `�/�n n�/�n ``/�z �d/�z a`/�n ��/�a z/�n n/�� �a/�� �n/�� a�/�� �z/��
TiO2 aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a ��/a �`/a ��/o n�/a ��/a a�/a a`/a a�/a
Al2O3 n�/`� ��/`� �n/a ��/`� n�/`� n�/`� ��/`� nd/`� ��/�a a�/`� d/`z n/�a ��/�a d�/`z n�/`� `�/`z
FeO a`/a aa/a d�/a a�/a a�/a ad/a ``/a a`/a �`/a ��/a an/� n`/a ��/a ``/a a`/a a�/a
MnO aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a a�/a `a/a a`/a a�/a ad/a aa/a aa/a
MgO aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a ��/a ��/` �n/a ��/a a�/a aa/a aa/a
CaO ��/a `n/a ad/a ��/a `�/a �z/a ``/a ��/a z�/a �a/a n�/a ��/` `d/` a�/a a�/a aa/a
Na2O �n/`` n�/`` a�/a ��/`` `n/`` �n/`` ��/`` n�/`` ��/`` �d/a ��/a ��/`a zz/`a dn/a ��/`` ��/a
K2O a�/a a�/a a�/a `a/a d�/a a�/a ��/a ad/a `n/a z�/`d `/`� d�/a �a/a �d/`� a�/a �n/`�
Total n�/�� z�/�� n`/�� `a/�� nn/�z ��/�� �a/�� a�/`aa d�/`aa ��/�� �/�d �oo z�/�� n/�z �/`aa da/�z

Si ��/`` �n/`` zn/`� z�/`` �a/`` �a/`` ��/`` ��/`` n`/`` ��/`` ��/`` �/`` ��/`` �/`` ��/`` �z/``
Al an/d a�/d `�/a a�/d `�/d az/d a�/d a�/d `z/d ��/d ��/d �z/d ��/d a�/d a�/d a�/d
Ti aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a ad/a a�/a a�/a `a/a a�/a aa/a aa/a aa/a

Fe2 aa/a aa/a a�/a a`/a a`/a a`/a a�/a a,aa az/a `�/a �a/a ``/a `a/a a�/a aa/a a`/a
Mn aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a aa/a a`/a a�/a aa/a aa/a aa/a aa/a aa/a
Mg aa/a aa/a a`/a aa/a aa/a aa/a aa/a aa/a a�/a `z/a ��/a `a/a `a/a a`/a aa/a aa/a
Ca a�/a a�/a a,aa an/a a�/a an/a a�/a ad/a `n/a a�/a `�/a �a/a ��/a aa/a aa/a aa/a
Na ��/� ��/� a�/a aa/d zd/� �z/� ��/� aa/d z`/� �a/a �a/a �`/� n`/� `n/a ��/� az/a
K a`/a a`/a aa./a a�/a `a/a a`/a an/a a`/a ad/a ��/� ��/� a�/a a�/a n�/� a`/a �a/�

Cations a�/�a a�/�a az/`� an/�a a`/�a a�/�a ad/�a ad/�a an/�a `�/�a ��/�a `/�a `/�a �z/`� ��/`� ��/`�
Ab% na/�z �� �� za/�n na/�� �z �a/�n na/�z �a/�d �a/� da/� �/�a d/�� da/d �a/�� `a/�
An% `a/` za/a �a/�� �a/` za/a za/` �a/a `a/` �a/d �a/` �a/d �a/n da/� `a/a `a/a aa/a
Or% �a/a �a/a za/`d �a/a �a/� �a/a �a/` �a/a �a/a �a/�� �a �a/� �a/` n/�� �a/a �a/�z

���& ���� 

������ 

)B%<(.%$�B����0��#&�? �� �(H(� ��0�? 8#(�3 ����9 
I/(@� S�(U� � �()?
F� �()?
�  +�+�(� .���()?0�I/(@� 

? �U�	%�@"0#�? 0& ~;* �� +�� 
���()? � ��0�
�B F
�&%E"2 #� -./ �.%� A��@;B 8��& �+.��0#�? 0+�� 

�@�#� +�#]`�.[�< �?
�@� �
2 �F_
��
{&#��<F'�_�# ��  +�
#
B�2 �j��\< $%� K%;%��
)B%<(.%$�B����0��(� /��?�

&#SiO2)dz/d�M��/��(�Al2O3)ad/�M�`/�(�FeO 
)�n/zM�`/�(�TiO2)d�/�M��/a(�MgO)��/`�M��/n(�

CaO)nz/�� M�/`� (���� �
�@;B �0MnO)��/aMan/a(�
Na2O)�d/aMan/a(�Cr2O3)ad/`Ma(E"2%�/#  +� A.

<%/  �#(��X &# $�B��%)%S�E��0_�& Y2 % �#0:(��	 �? 
�(;*�M2T2O6M1�H �� �B �/#
 �!T2�B %8(���
8(| 
Si4+�Al3+�@;B �#+�� �? �Fe3+� �#�P �9%+�� .�H ��
 �!
M2�Al3+	�� �/ $�3 �#&�� �%@���x� ��  +��H
 �! T�

�%2�B F%8(���
+.��� Fe2+�Mg2+�Zr2+�Mn2+��9 ��
Ti4+�Cr 3+ �V3+�Ti3+�Sc3+�Zr4+�H
F!
� $�+�(� .

�H
 �!M1�U�.* #� 08(| Mg2+�Fe2+�Mn2+�Li1+�Ca2+

�Na1+� :�J�# ���+T �� ���3 L(;_� �B +..B
�/# Y.

<%$�B�� #� ��8(%2�R 0�%9�#�P �? �H(2 �? �� ���H
 �!��0
M2�M1� ��)B  ��9 ���| �? 8#(2�2��%��B N]`�) :[`(

$�R��%<0�� Ca-Mg-Fe (Quad) �)�($�R��%< 0��Ca-
Na�)�($�R��%< 0��Na�)d($�R��%< �!
� ��)AE�d
m�# .( AE� ��d�$�R��%<0��8#(�3 ����9 �� �@�9 

$�R��%<(.%)R$�3 0�� MN
F%.� MN%�)R �#�(Quad)�#�P 
�@	�9+�# .�?#0 �� 0+.?~%P�# �2
$)B%(.$�R��%<��&# �

�/ �#�(;��2�
Wo-En-Fs  ��1@/# �+]`�[),�AdZ.(
8�.| �R�
 +����(� ?%�@"��(;� +%�<(
� K%R�2 0#�#� ��

+.@�� .

�����HC����C I���,�	��
����������
���()? K%R�2 S#�%%J2 �/��?0)B%$�R��%<(.  &#+�# �?

 I/(@�-./��0@�#&�? ��� 8�"� 8#(�3 ����9 �B +��8�& 
?%?�.%$FB�� ��%��T<%$�B�� &# ��Fe�Al �Ti�2 �� +� 

��T ��%&# �EMg �Ca �Si.V ��/#  +� )AE���0�� m�#
Z.(#
(!�# $0&(2 
�F2 �? �U�.* h
���9 ~��0�;9�� �
�

@	�;� �B�T��;9�� 8F�� �� �;9�� �
�12 A?�P %/# ��.
.^;�%��5.� �$+.?0# �� �(H(� 
���� $L(� &# ���()?

 �/# Q(E7�)AE���0�Z � m�# .(�?�.?�g��%
8#��E;� � �
]`d[8�&��0.V�&#Mg &# 
�;9�� Y0�@�(9 #0��# %�� � �
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�;/�P �w%	 �?�xP ��6���R �6�y� 8#�
# �/�.� ���B � �/�.��()? �)_� �d�

���0�()O2 ]�? 
�@	���T �� �+�#%�E�%��T��0.V�&#Fe �� 
�)T���<&#
�;9�� Y0~
�12�
�@	 �2E"2%� A�+�(� .#
$

�� �U�.* �D@X#FB�� ��%��T)B%<(.%$�B����0�� �(H(� 

-./��0@�#&�? �& 8#(�3 ����9 
� �� �(O8�"� ��()O2  +.��
 �� ���3
�;9�� 8F�� Y�
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