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Major element Wt% Wt% Wt% Wt% 

SiO2 ��/�x  ��/��  ��/��  ��/�Z  
TiO2 xvx/x xZx/x xx/x xx/x
Al2O3 �o/x bw/x bb/x bv/x
FeO* �x/� wb/� ��/� x�/�
MnO x�/x x�/x x�x/x x�/x
MgO Z�/Z�  w�/Z�  �Z/Zv  o�/Z�  
CaO xZ/Zw  ��/Z�  ��/bZ  ��/Z�  
Na2O �w/x Z�/x Zw/Z ZZ/x
K2O x�/x xv/x x�/x x�/x
Total ��/w�  ��/ww  vZ/w�  Z�/ww  

Formula Cations Cations Cations Cations 
Si x�o/b x��/b x�Z/b xZ�/b
Al x�o/x x��/x x�Z/x x�Z/x
Al xw�/x x�w/x x�x/x x�Z/x

Fe(iii) xx/x xx/x xx/x xx/x
Cr xx/x xx/x xx/x xx/x
Ti xxZ/x xx/x xx/x xx/x

Fe(ii) bxw/x bZb/x Z�o/x bZw/x
Mn xxb/x xxb/x xxb/x xxb/x
Mg �vZ/x wo�/x ��w/x w�/x
Ca �ow/x �o�/x ���/x ow/x
Na xow/x xZb/x x��/x xx�/x
K xxb/x xxZ/x xxv/x xxb/x

Total wv�/v wb�/v w�/v wob/v

'���AA 5�6 ���A �� (��Q 5�6 U%&L� �8��3�+ 5�O'+ (.�� �C!�L��
%��G ��A�� ? %" &.
Wo ��/ox  bZ/v�  wb/o�  wo/v�  
En Z�/o�  o�/�b  bo/ox  �v/�x  
Fs ow/ZZ  ��/ZZ  bw/w �Z/ZZ  
Ac ��/b ��/x �o/o ob/x
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Major element Wt %* Wt %* Wt %** Wt%** 

SiO2 ob/o�  ��o� ZZ/o�  ��/o�  
TiO2 xx/x xx/x xx/x xx/x
Al2O3 �x/Z�  w�/bb  �/bx  vw/Z�  
Fe2O3 xx/x xx/x xx/x xx/x
MnO xx/x xx/x v�/x xx/x
MgO �b/x �o/x v�/Z o�/x
CaO ��/vb  Zv/vx  w/vx  �v/vo  
Na2O ��/x xx/x xx/x xx/x
K2O �o/x ox/x xx/x �Z/x
H2O xx/x xx/x xx/x xx/x

Totals Zxx Zxx Zxx ww/ww  
Formula Cations Cations Cations Cations 

Si ZwZ/v xvZ/v x��/v bbx/v
Ti xx/x xx/x xx/x xx/x
Al vw�/Z �w�/Z �b�/Z vZ�/Z

Fe3+ xx/x xx/x xb�/x xx/x
Mn xx/x xx/x xbZ/x xx/x
Mg x�b/x x�v/x Zv�/x xox/x
Ca v�x/bx  Zov/b bx�/b �Z�/b
Na x��/x xx/x xx/x xx/x
K x��/x xvo/x xx/x x�Z/x

OH xx/x xx/x xx/x xx/x
Totals Z�x/� x��/� xw�/� Z��/�

'���D���A �+ p��?��< � B ���: �
�3������ 5�6.
Major element Wt% Wt% Wt% 

SiO2 Z�x/b�  o�x/b�  xwx/vo  

TiO2 b�x/x Zxx/x ��x/bb  

Al2O3 v�x/bb  ��x/bb  ��x/bb  

FeO* x�x/x Zxx/x Zxx/x

MnO xx/x xx/x xbx/x

MgO Zox/x Zbx/x x�x/x

CaO x�x/v�  �bx/v�  xx/v�  

Total Zxx/�w  Zwx/�w  Z�x/wo  

Formula Cations Cations Cations 

Si wbb/o w��/o �Zx/�

Ti xv�/x xZv/x xx�/x

Al �x�/o ��w/o v�v/o

Fe2+ xZx/x xZ�/x xZo/x

Mn xx/x xx/x xxv/x

Mg xv�/x xvZ/x xZb/x

Ca Zbo/� xZv/� obZ/�

Total �v�/Z�  �w�/Z�  vZv/Z�  
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�7 ��l CJ �)#�� ��( C2K �%� �� � 1�� (
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SiO2 ��/�x  �Z/�Z  �x/wx  
Al2O3 xb/x xx/x xx/x
Cr2O3 xx/x x.Zx xx/x
FeO xx/x xb/x xZ/x
MnO xx/x xb/x xx/x
MgO xx/x xv/x xb/x
CaO ��/o�  �b/oo  vb/o�  
Na2O xx/x wv/x xZ/x
K2O xZ/x xb/x xx/x
Total ow/w�  v�/w�  b�/w�  

Formula Cations Cations Cations 
Si x�x/� Zxb/� xwZ/�
Al xxv/x xx/x xx/x
Cr xx/x xxZ/x xx/x

Fe2+ xx/x xxb/x xxZ/x
Mn xx/x xxb/x xx/x
Mg xx/x xx�/x xxo/x
Ca �v�/� ���/� �ZZ/�
Na xx/x bZo/x xxb/x
K xxv/x xxv/x xx/x

Total wbZ/ZZ  xx�/Zb  wZx/ZZ  
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TiO2 xo/x xZ/x
Al2O3 x�/x ZZ/x
Cr2O3 xx/x xv/x
FeO* Zv/b Zo/v
MnO xo/x x�/x
MgO ��/v �b/o
CaO ��/b�  �Z/b�  
Na2O bo/� o�/�
K2O x�/x x�/x
P2O5 o�/x ob/x
Total �/w�  �b/w�  

Formula Cations Cations 
Si Zb/x ZZo/b
Ti xxZ/x xxxb/x
Al xxv/x xxxo/x
Cr xx/x xxxw/x
Fe x��/x xww/x
Mn xxZ/x xxw/x
Mg bZo/x v�/x
Ca Z�/Z xov/x
Na �v/x oxZ/x
K xxb/x xxb/x
P xZo/x xZv/x

Total ZZb/o x�/o
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