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/�E�0 AZ17 7&2�B/�&�AZ20 
SiO25a/fa5a/fa<</fa;5/fafb/fa5=/fa:d/fa:5/fa=</fa
TiO2=b/5=a/5f�/5=b/555/5=a/5=�/5�;/55a/5
Al2O3;d/�=<5/�=<</�=a�/�f=�/�ff�/�f=�/�ff:/�ff�/�f
Fe2O3=</=�a/5aa5/=<5/=bb/d�;/55;/�f</�
FeO <5/b<;/d=5/�a�b/bdb/;a=</b<</<=</b
MnO ��/aa</a�d/aa:/aa</aa:/aa�/a�/aa
MgO <b/�=fa/�==;/�=a:/�f;�/�f;�/�f5f/�f:�/�f�</�f
CaO 5�/�5=d/�55=/�5;d/�5b=/�5�==d/�5:f/�5ff/�5
Na2Ofb/5f</5:a/5a=/5d=/�af/5�d/5�f/5a:/5
K2Obf/�<5/�<</�ba/�df/�d</�bf/�a5/5a�/5
Total :b/db�5/dbf�/d<:;/dbdd/d<f�/db;a/db<:/d<;�/d<
H2Obaa/�bf</�::d/�abd/5dd</�d:d/�d:b/�;5:/�d=;/�

F:ad/a;af/ab:a/aa<</a5fd/a5d:/a=55/a��/�=;:/a
��B&F)��1# �E �H5=�B# & ,3 ��1�n� Fj,�#.

Si d�5/;dfb/;a;5/:d5:/;d�</;ba;/;df:/;d:�/;d;;/;
Ti 5:=/a5;:/a5:d/a5:5/a5ff/a5;/a5;f/a5=b/a5ff/a
Al =;:/5=df/5fad/5f�:/5f:</5f;5/5f::/5;a�/5;a:/5

Fe3+=<=/a5=f/aa==5/afad/aa<=/�5=</a�=b/a�:=/a
Fe2+a<=/�5a:/�5b�/�aa�/�<=�/aaa55/�d;=/aa=5/�
Mn a�f/aaab/aa5f/aaab/aaad/aaab/aaa�/aa�5/aa
Mg a�d/=d;f/5d;f/5a:f/=�:�/=�5�/=�a5/=�d:/=��;/=
Ca d5f/�d:;/�df:/�d<f/�a�a/5aad/5d=d/�dbb/�d::/�
Na <ad/a<ad/a<f</a;<;/a;f:/a;</a:5�/a:ad/a;da/a
K=f:/a=5:/a==:/a==:/a=:=/a=:=/a=ff/a=<b/a=<d/a

Total db/�;aa/�:a�/�:bd/�;b;/�;:;/�;d=/�;d</�;d;/�;
.)�
��B {&F)7 �� �H& �-�H@�)*E @

T1 Si d�5/�dfb/�a;5/5d5:/�d�</�ba;/�df:/�d:�/�d;;/�
Al IV abb/5a;5/5dfb/�a<f/5ab=/5�d;/5a;f/5a=d/5af;/5
T2 Si aa/faa/faa/faa/faa/faa/faa/faa/faa/f

M2AlVI 5:b/a=f5/af:�/a=f5/a=bf/a5;</af�5/af:5/af:�/a
Ti 5:=/a5;:/a5:d/a5:5/a5ff/a5;/a5;f/a5=b/a5ff/a

Fe3+=<=/a5=f/aa==5/afad/aa<=/�5=</a�=b/a�:=/a
Fe2+5b</a==d/a=bf/a5:5/a�b�/aa5<5/a5:</a5b5/a
Mg bad/ab5d/abb:/aba5/a<b5/af5/ab5;/abd;/ab;/a

M1Fe2+<b:/ab:</abd</a<=b/a;;/aa<f=/a:b:/a<f</a
M3 Mg 5�/5�5;/5a:b/55:5/5=<d/5</55;</5=a�/55;=/5

Mn aaf/aaab/aa5f/aaaad/aaab/aaa�5/aa
Ca aaa��/aaa:5/a5d�/aaaa�/aa

M4  Ca d5f/�d:;/�d=;/�d<f/�dfb/�<�b/�d=d/�db</�d::/�
Mn a�/aaaaab/aaaaa�/aaa
Fe2+aaaaaaaa</aaaaf/a
Mg aaaaaaa5/aaa��/a
Na a::/aa=;/aa:;/aa�b/aa;5/a5b5/aa==/aa�=/aa�d/a

A K=f:/a=5:/a=�b/a==:/a=:=/a=:=/a=ff/a=<b/a=<d/a
Na :f=/a:<f/a:b5/a;;</afdf/a5bb/a;bb/a;d:/a;<�/a
□a��/aaa�a</a�f=/a=fd/aa:=/aa5:/aa;/a

��%	&�H.�	 �@*9# ��1#  ,3 �E#�E �#$H �B .

a Ed a5</5�=5/55a;=/5af5/�d5</=ff/555</=ad5/5=
a Ts b5/f�5;:/f�5==/�=/f5bd=/f;:bd/fdf;/f=:�/f;fa;/ffa

aFe-Prg d5/�d5�;/5=fa55/�;�a;/d=a�</�:f�</�:5f</�:f
aFe-Ts <5/�f: ;d/�:b �</5;; <d/�=d :</�a; ab�/�f= f�/�=; <d/�f; 
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,*O�b ��>3 �=�$&
�7�=bd ��� ��/#�E ��� Fj&�B# �0,�$
�0 / ��"	 . . .���

C��D 5����+
*B&7)2&4�B/� 

/�E�0AZ17 7&2�B�&�AZ20 

SiO2</fd 5=/;a a/fb ba/;a 5a/;� bf/fd <b/f< ;5/fd f=/fd b;/fb a5/fd =5/;a 
TiO2<5/a<=/aa�/�f</afd/a:d/aa=/�</ab5/a<</a<</a:f/a
Al2O35/;b�/f=f/:a</fbf/=<5/f5f/<fb/;d5/;df/;d=/;d5/f
Fe2O3f:/=:d/=a=/;f:/�55/a�5/f;f/5fd/5a/5;b/=a5/�a=/�
FeO b;/=:/==</=f;/;;=/:5</=<=/==b/fbf/=a</f=/;;d/f
MnO 5:/a�=/a55/a5b/a5�/a5=/a�=/aab/a5/a�=/a�=/a55/a
MgO �5/�= b;/�= ::/�5 :;/�= :=/�= ;:/�= :=/�5 :;/�= ;=/�= �b/�= �=/�= <;/�= 
CaO ;:/5= <;/5= �f/5= �=/5= �;/5= d�/5= dd/5= f;/5= <=/5= <;/5= <d/5= f:/5= 
Na2O;5/af/a;=/a=5/a5/af�/a5/a55/a5b/a5�/aa5d/a
Total =d/�aa �d/�a� =a/�aa :5/dd fd/dd <f/�aa 5;/dd df/dd b/dd fd/�aa ��/dd 5=/dd 

��B&F)��1# �E �H:�B# & ,3 ��1�n� Fj,�#.

Si b=</�bf/�<b5/�bbd/�da</�b=:/�<bf/�b=f/�b5d/�ba</�b==/�b<�/�
Ti a5/aa5/aa5b/aa�=/aa�f/aa�d/aa5d/aa�d/aa5=/aa5�/aa55/aa�b/a
Al 55:/a5ab/a5<b/a�<d/a�:b/a5a;/a=�d/a5=d/a5:/a5;d/a5:�/a5�;/a

Fe3+ad:/a�a5/a�f/aaf�/aaa:/a��f/aa<�/aa:d/aa;:/a�/aa5d/aa5d/a
Fe2+��d/a��/a�a;/a�:d/a5a=/a�a�/a��</a�=:/a��d/a�5:/a�::/a�f=/a
Mn aab/aaaf/aaa</aaad/aaa</aaa</aaaf/aaa=/aaa:/aaaf/aaaf/aaa</a
Mg <55/a<;:/a</a<;</a<;:/a<f;/a<a=/a<;f/a<f:/a<5</a<=�/a<:5/a
Ca d==/ad=5/ad5�/ad5�/ad5f/adff/ad:/ad=/adf�/adf�/ad;f/ad=;/a
Na a=</aa5d/aa=b/aa5=/aa�f/aa5d/aa�;/aa�:/aa5/aa�;/aaa5�/a

Total a/fa/fa/fa/fa/fa/fa/fa/fa/fa/fa/fa/f
Mg #b;/ab</ab</ab�/a<b/abb/ab;/abf/ab:/ab;/ab�/abf/a

.)�
��B {&F)�1 �� �H
��H@�)*E @
T Si b=</�bf/�<b5/�bbd/�da</�b=:/�<bf/�b=f/�b5d/�ba</�b==/�b<�/�
Al IV �:=/a�:/a5�b/a���/aad=/a�:f/a5�:/a�::/a�<�/aad=/a�:</a�5d/a
Fe 3+aaaaaaaaaaaa

M Al VI a:=/aafb/aa:/aa:b/aa<;/aaf�/a�a=/aa<=/aabd/aa::/aadf/aab:/a
Fe 3+ad:/a�a5/a�f/aaf�/aaa:/a��f/aa<�/aa:d/aa;:/a�/aa5d/aa5d/a
Fe 2+��:/a�a;/a�a�/a�:/a�d5/aadd/a��f/a�5b/a��f/a�5/a�;b/a�=</a
Mg <a;/a<5;/a:<�/a<�b/a<�=/a<5</a:b=/a<��/a<�b/a:d=/a:d</a<=/a

M Fe 2+aa=/aaa;/aaaf/aaad/aa��/aaa5/aaa=/aaab/aaa;/aaa:/aaab/aaa:/a
Mg a�</aa=�/aa5d/aa=d/aaf=/aa�b/aa5/aaf=/aa5b/aa=f/aa=f/aa=5/a

��%	&�H.�	 �@*9# �
a Di :b/a:d/a:;/a:</a::/a<�/a:b/a:</a:d/a:</a:b/a:d/a
a Hd �;/a�=</a�5:/a5�/a5;/a�5:/a�f/a�:/a�;/a�;/a5a/a�b/a
aCaTs �5/aad5/a�a</a�=:/a�;:/aa<d/a�d�/a�f=/a�<f/a�5f/a�bb/a�<;/a
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 �#. 4&�L ���?� �,
x� F#�
# �1�23 ���B / �1�23�)*E �*?� ��u

 C��D 5����+
PK7
.KB) ��>H&�

/�E�0AZ17 7&2�B/�&�AZ20 
SiO2�a/f: ad/f: db/f; b/f; <=/ff ad/f< =b/f< a</aa</ab=/aa5/aa:/a
TiO2aaaaaaa5f/a5=/aab/a==/a=a/a
Al2O3<:/== =;/== 5d/=f a5/a5=/=; 5;/== af/== ab/a5=/abf/a<d/af/a
Cr2O3aaaaaaaa</a�5/aa5/aad/aa;/a
Fe2O3f�/afb/a;=/a;5/a=�/a;b/a;f/a=�/�aa :;/dd �/d< :=/d< :;/db 
MnO aaaaaaaa:/a�/aaf/aab/a��/a
MgO aaaaaaaa</a�/aa�/�fb/a5b/a
CaO �</�b :�/�< 5:/�b =5/�b db/�b �;/�< a5/�< af/aa;/aaf/aaa
Na2O=d/�;;/�5b/�5d/�b;/a<</�a:/5aaaaa
K2Oa�/aaf/aaf/aaa=/aab/aa</aaaaaa
Total a=/dd �=/dd =b/�aa dd/dd �=/�aa d5/dd ��/�aa d;/�aa ;;/�aa d:/dd f5/dd b/dd 

��B&F)��1# �E �Hb�B# & ,3 ��1�n� Fj,�#.��B&F)��1# �E �H=�B# & ,3 ��1�n� Fj,�#.
Si �=/5�f5/5��=/5��f/5a:;/5�:b/5�<b/5aa5/aaa5/aa55/aaa�/aaa5/a
Ti aaaaa�/aaaaaa;/aaa;/aaa5/aaa</aaa:/a
Al =b=/�b5b/�b;b/�b;=/�d�</�baf/�<d/�aa5/aaa</aa5:/aa5;/aa��/a
Cr3+aaaaaaaaa�/aaa5/aaaa5/aaa�/a
Fe3+a�f/aa�</aa�b/aa�b/aa��/aa5/aa�d/adbf/�d</�d�;/�d;/�d:d/�
Mn aaaaaaaaa�/aaa5/aaa�/aaa5/aaa5/a
Mg aaaaaaaaa=/aaaf/aaf/aa�d/aa��/a
Ca bdd/ab<</abdd/ada:/ad=d/abf:/ab=b/aaa�/aaa�/aaa�/aaa
Na �5;/a�f/a��f/a��:/aa<:/a�;b/a�b=/aaaaaa
Kaaa5/aaa=/aaaa5/aaa;/aaaf/aaaaaa
Total aa</;aa</;aa:/;aab/;a�a/;aa�/;a�5/;a/5a/5aa:/5aa;/5aa5/5

��%	&�H.�	 �@*9# �
a An d/abd/ad/ad/ad=/ab</ab:/a
a Ab 5d/a=5/a5b/a5b/a5a/a=f/a=</a
aHem  db/adb/ad5/ad;/ad</a

����	�� 
 �)�@G/�E�Q0 �/�E�Q0 �Q� –�Q
�)
6���QB �Qq� .# �Q1�23�.#
PK7QQ
 .KB));a�QQ� :a,QQ9�� (�*B&7)2&4�QQB/�)5a�QQ� 5;

,QQ9�� (S�M /&T)QQ�)�a�QQ� �;,QQ9�� (��QQB /��QQH@QQ+�	 �

7)0)*	&�)5��;,9�� (��7M �&� ��&��6 Q& ��QB / ���QH@�,QB 
-"�&�1#  ,3 J)J-35.(# �	�E
I21 .# �61� 4� �QH&�Q>

J-3	# �Q� ��#� ��#� �#�&6&Q-��Q	�E /  �)QE �QH@Q+�	 �G)Q7 �
*B&6&� A&FM �� $"� �H�  ,H��,�)3 .
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,*O�b ��>3 �=�$&
�7�=bd ��� ��/#�E ��� Fj&�B# �0,�$
�0 / ��"	 . . .��t

���3 �	�E#@o�E �� ���)>� .# �H@��Q>!7 &6�.# JQ9�L /
�>10&�@�H�)*E @S�M ,2*E &FM �� T)� -"� �H&�Q1#  ,3 J.

#
I21 4Q3�L e�E �H&�#@ �)Q� @7&2�QB/�&6�-"Q� #� &J
#� /  �#�
A�H@�,%6� @ �)� Jo#� �� FM .# @7&2�QB/�&6�

�$�
�1#  ,3 y.
QQ3�L ��&# �QQ
#� 4QQ
AGh�QQE $QQB�>� �QQH�� .# &�QQE �QQB �QQ-

��/&�)-&,�� �
� ��1#  ,3 J
�  ,��)3 .��/&�)-&��H@
��
� �q� �E /  �)E _)!"3 ��3 U*W#  ,3���1�0� .# �B ,1��

E&�)&�
7)0)*	 �&��H@�/# & ,3 J9�L �,�# .# �)O/
�G�Qok 4
#� }#�'# ��
A�H@G/�E�0 �� /�E�0 �� 
�)
6�1 /&2&6�� #� �-
��%	 �QE F#)� Q& E�Q��0 ����Q���0� /@Q1�67 &�#� ���Q� Z.��

o�E���)>� .# �H@G/�E�0 �h �
�,2E@B�� &���  ,H�"� ��)Q3

 h .# �B
��H@2W�S�M .# &T)��H@� / �3�� Q
Q2W �Q�#� $�.#
*B&7)2&PK7 / 4�B/�
-"� .KB)&�1#  ,3 J.

#�E@>'# &G�1�23 .# F�2�n9&��B ��/ �QH Q1��E��
�Q�$
 ���%� �E#/����QB �/��Q� �QH
�BSE �Q�)>� .# �QH@G/�E�Q0 �/

	��#�6�/#&�� A& ,3 �,�#)J-3=.(# ��
/��� 4
�� �E �&(,+ J
�M&!6��#�	 �� 
�H,2@�&� ,��O �>&�D�H@�
23)�)�B# $�.#
��B�#
2>*&��>H 46� .# �&�1#  ,3 #,O �.

 �� �)q2� �E,2E@��)>� �H@!21 �7&2�B/�&6��Q*�� .# 
,�@/
I21  j �QH@	��#�6�/# Q&�#� ,Q2*���)H A]5[ ��S6Q1#

 �1#  ,3 .# �E
E ��1# 4&��)>� �6" 7 V)Q� .# �H&2�QB/�&�Q� �
7 ,2*���)H&2�B/�& �� �,2E@ ,3 ,�#)J-3f.(

91#E/��� 
�BSE �� &_/� �E  ,3 �SEM ��)>� .# �H@��]2� @.C / `�# (.#��)>��H@G/�E�0 ���&�1#  ,3 �.��QB��^Q-+ /� �QH �� 
PK7
��B /  �)E .KB)�5*B T/# ^-+ �� &7)2&S�M (/� ^-+ �� / 4�B/�&�1# T)� .>'#&6	�QE T��%� T)�L .# F�2�)X�6"Q� .�Q� 46Q3#� (/

��B T���� F�-�#&�)�E&��B 4�#�E �H@?21 ��"	 ��� ��H@��B &�)��/�� @�1# .�()��
�� �&��)>� .#  ,3 ��H@	��#�6�/# Q&A)AZ20 .( 46Q�
��B���>H .# &� / �&�D�H@23)�)�B# �#
2>*&)�� �� �
�1# \�"� �.���@�M �� &!6��#
2>*&��>H �� �&,Q%E eQ�E �� �@ ,Q3 ��Q1�n� 

�1#.

91#F��)>� �H@!21 ���]2� @1��E ��)� ����' �*�� �� ,2E@I21 �H@	��#�6�# &-��#�,2*���)H]5[ �6�0 ��@7&2�B/�&,Q2*���)H / �
7&2�B/�&�6	�0 �#�l �,�# .

:%� ; <
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 �#. 4&�L ���?� �,
x� F#�
# �1�23 ���B / �1�23�)*E �*?� ���

����#�$�
PK7
.KB) :��B�PK7 
��)�M .# �QH/�E�0 �� .KB) Q& Q2W ���Q1# 

(An 90 Ab 10) �6�0 �� /@E&�)6 Q& Q� �#�Ql ��0Q&��.#�QE@
��1�n�@��%	 &# �
��B 4�T/�7 / ,2�)H ,��O T)*n� _/� .# 

];[�E �)O)� 4HM JB / �,3  ��S61# 	�� �Q1 4HM F#)2+&Q6�
�1#  ,3 �6	�0 �q� �� .��%	 Q& ��)�M �Q&QE �&4d=/a�b:/a/

��%	&��M �&' �� �&`=</a�5a/aD� �� &&�1# �)T/,QO�.(
E&�#,�� 4Fe3+��%	 /Q&��)�M �Q&��QB �� ���Q]E#� @^Q-+ 

��#� �)O/ .��h�QE JE��� ��
��%	 4Q&��M �Q&� �QE ��Q]�#@�QE 
E&�6"
	�� �1 4HM �#,�� 4&6��1# �6�E#/ .H&��]2� V)� �-

,2E@3&>&G��# �� 
��B 4� ,Q2H� F�"Q� �QB ,"�  ,H�"� @
�)��� T��%� �)O/
��2&-���B �)*�� (�!2H ��1# .

*B&7)2&4�B/� :��6o�1 T)��	@*B&7)2&4�B/� ��Q1# �E �H:
�B#&/ Fjf��B &,3 ��1�n� F) .#�E@/#�E 	�� �1 4HM ��&6�

m�	 .#Fe 3+=Na-Al-Cr �Q1#  ,Q3  ��S6Q1# ]:.[B�� Q& U
3&>&G��#
��B 4�7 �� &2�B/�&�� .# �H/�E�0 / �H
�7)&2W ,�

"QQ��O 46	�QQ0 �QQq� �� �QQE / �QQ1#&2�B�� X�QQ��Y &QQ��QQE &4
�
�QQ7)&,–�QQ*B &X�QQ��Y Z–P���,QQH 
��#� �)J-QQ3;.(

��%	&� �&!��&#�E 4@��+# @G��� �#
�QB 4��.# �Q1# ���Q�+ :
Di 0.68 Hd 0.15 CaTs 0.12 .2� �,+&$
#�E Z@#Q
��QB 4�QE&4

b</a�b�/aD� �� &&�1# �.# �� (�B �#,��
��B 4��S9 Q
�� �
 �6�0 �� �B �1# (�#$H ,2Y ,L@�]o @ .#,Q�# 0Q&�@�#�Ql 

��0&��.# �E �O)� �E
# �� �-2
��QB 4��QHNa<Al �E �Q1# Q
,
FM 7 �$O #� �H&�4�QB/ �QH@�Q*B & �� A,Q2E@�#,Q�� / ��QB 

Fe 3+ 7 ��& �-@�O/ ���Y �� �6	�0 �q� �� �S9 FM ��)3 .
#$QQ	# �QQE
�#,QQ�� eAl (VI)��QQB ��6o�QQ1 �� ���%	 QQ&�QQ*B �&Z

� �	��# X���Y��)3)T/,O�(%E�� �)o �B��/$	 .# ���"Q	 
��QQB �)QQ*�� (�QQ!2H��QQ1# .QQ� \�"QQ� #�QQ����"QQ	 �QQB �)QQ3

�&��61#)6&A]# I21
G�6��[7 �)*�� (�!2H&2�B/�&���h�QE �H
�1#  �)E �H/�E�0 �)*�� F��. .#.

S�M&T)� :�6�
���M |&S�M $&��)>� �� T)��H@T/,QO �� }�%� �
 ,�M,�# .��B&F)�H@#
��B 4���Q1# �E 5=�QB# &��Q1�n� Fj

�1#  ,3 .�#,��Fe 3+_/� .# ]<[%�&Q& �Q1#  ,Q3 4.#�QE@
#
��B 4��E� .# �#�)>� �1 &A]b[B���Y (��&�� / �
��)� A

.�0��7
�1#  ,3 \�"� �)J-3:.(B�� #��&S�M U&T)Q� �QH
 .�0��7 �*�� �� #�
�–B���Y &�–B���Y Q&4QHM �7 �#� Q&  ��

 B�� ,3 ()*%� /  ��B&����+# �1#/ ,L @G��� �B���Y Q&�–
.�0��7
,��#� �)J-3<.(��
!6��>H U�*l V)Q>?� Q&��
/
�)�M&2&7 �� ()& �Q-@Q�O/ ��Q�Y �S�M &T)Q� #�QE �QH@�#��QE 

"��O&2�.�0��7 
6�
��)>� / �1# A�H@���M &E)Qo �E  ,3 $�
�61#�@"��O &2�.�0��7 
6�S�M �� #� &T)� Q� F�"Q� �H�,Q2H�

)J-QQ3<.(��� ��QQ
#)QQ6n� ��@B�QQ��Y &6�#QQ
��QQB 4���
7&2�B/�&��Q1# ��h�QE �QH/�E�0 .# �H .��QL ���.�0��7 �QB Q
 �

4HM ��%	 �H/�E�0 �� �#�&E �&�6"@��#� )T/,O�.(#
�*p�Q� 4
. T�>6L# �E
E �)*�� ��"	 �E ��&7 �� �6"&2�B/�&��6�QE#/ �QH

�1#.
@�#�!��� #�&o# T)�&S�M @#�E @,
,O @�H $2!2� @#�#� @�H

 @)1 .# h�E(IMA) ���QB �Q**>�# 4&E 4>?�# ��)Q9 �Q1�23
 �1# �6	�0]d[�/�� $Q2!2� ,&�QB# 4&G�Q7 �#,�� �E �O)� �E �

T)�&S�M �1��E ��)� @�H)��B#,L5/a,9�� ( �� 4
# .# @,2E
�1#  ,"�  ��S61# .

91#GB�� &3 U&>&G��*B&7)2&4�B/� ���./k �� �H@Di-Hd-En-Fs �*�� /Di-Jd-Cats 7& ,3  ��,�# .*B&7)2&4�QB/� �QH@��Q�M &.#  ,Q3 $
7 / �H/�E�0&2�B/�&�G��� )�+ .# �H��
�7)&�*B / ,&Z�2W X���Y �,26�H .
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,*O�b ��>3 �=�$&
�7�=bd ��� ��/#�E ��� Fj&�B# �0,�$
�0 / ��"	 . . .��s

91#H��B V)>?� &F)�H@*l&G��S�M &T)��H@#�E  ,3 \�"� �#,�� .# ��]2� @B���Y &E �&FM /  �)E �6"  �6�Q0 �� #� �QH@.�0��7 Q
�#�Ql �
��,H�]b.[S�M&T)���B ���� 46	�0 �q� �� �E �H&�)�Mg/(Mg + Fe)��� �E �Si �6�0 �� @B���Y &�Q6	�0 �#�l �,Q�# .B�� Q& Q3 U&>&G��

S�M&T)����� �#�)>� �� �H
��B �&�)�Ti�E#�E �� Al 7& �-@�O/ ���Y �]b[�&B���Y V)� .# $&� \�"� ���)3 .#Q
�7 �QE �#�)Q>� 4Q
� �Q&F#$
�)�M&2&7 ()& �-@�O/ ���Y ���B ���H@B���Y &2� ��&$
)�M / ,2*���)H 6B&�)2&� #,O ZH .# #� ��,2B.

91#IB�� 46	�0 �q� �� �E&3 U&>&G�� ,3  �#� ��E @G��� )�+ �1 �Prg-Ts-FeTsB�� &S�M U&T)��H@.�0��7 �Q1#/ ,QL ��]2� Q
�–
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