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SiO2 x�/�y ��/�� ��/�� �y/�y ��/�y xz/�y 
TiO2 ��/z ��/� �x/� �z/� ��/� �z/�
Al2O3 �x/�� y�/�� z�/�� ��/�� ��/�� z�/�� 
Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/�
Fe2O3 ��/x �x/x �z/x �z/z ��/y �x/x
FeO z�/y ��/� ��/� ��/� �x/� z�/y
MnO ��/� ��/� ��/� ��/� �x/� �x/�
MgO ��/�� ��/�� x�/�� x�/�� �y/�y �y/�� 
CaO ��/�� ��/�� ��/�� �y/�� ��/�� �x/�� 
Na2O y�/z y�/z x�/z y�/z ��/z ��/z
K2O ��/� �z/� ��/� �z/� x�/� �z/�

Total ��/�� x�/�� ��/�� �x/�� ��/�� ��/�� 

Formula (corr.) zx(O) zx(O) zx(O) zx(O) zx(O) zx(O) 

Si ��y/� yxy/� y��/� y��/� y��/� ���/�
Ti zz�/� ��x/� ���/� z��/� �z�/� ���/�
Al �z�/� �y�/� �z�/� ���/� ���/� ���/�
Cr ���/� ���/� ���/� ���/� ���/� ���/�

Fe3+ x��/� ���/� x��/� x��/� yy�/� x��/�
Fe2+ �z�/� y��/� yy�/� ���/� �zy/� �zz/�
Mn ���/� ��x/� ���/� ��x/� ���/� ��y/�
Mg y�z/x �x�/x ���/x ��x/x x�y/x y�y/x
Ca ���/� �y�/� ���/� ���/� ��x/� �y�/�
Na ��z/� ���/� �y�/� ���/� y��/� ��y/�
K �yz/� �x�/� �x�/� �x�/� ���/� ��x/�

Total �x�/�y ���/�y y��/�y �xz/�y �y�/�y ���/�y 
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SiO2 ��/�x ��/�� ��/�y �y/�y �x/�� ��/�y 
TiO2 �y/� �y/� ��/� ��/� ��/� �x/�
Al2O3 ��/�� ��/�� x�/�� ��/�� yy/�� z�/�� 
Cr2O3 ��/� ��/� �z/� ��/� ��/� ��/�
Fe2O3 y�/� ��/� x�/� ��/� ��/� ��/�
FeO yx/�z ��/�z ��/�z zz/�z xy/�z z�/�z 
MnO z�/� z�/� z�/� z�/� z�/� x�/�
MgO ��/�� y�/�� �y/�� zy/�z �y/�z x�/�z
CaO ��/�� ��/�� ��/�� ��/�� yz/�� yy/�� 
Na2O x�/z zx/z z�/z ��/� �z/z z�/z
K2O ��/� yy/� yx/� ��/� �y/� ��/�
Total �y/�� �z/�� �z/�� ��/�� ��/�� ��/�� 

Formula 
(corr.) 

zx(O) zx(O) zx(O) zx(O) zx(O) zx(O) 

Si y�x/� y��/� y�y/� ���/� y��/� ��y/�
Ti ��x/� ���/� �z�/� ���/� ���/� �z�/�
Al ��y/z ���/z ��x/� ���/� ���/� �xy/�
Cr ��x/� ��y/� ��x/� ���/� ���/� ���/�

Fe3+ ���/� �y�/� ���/� ���/� ���/� ��x/�
Fe2+ y��/� ���/� y��/� y��/� y�y/� ���/�
Mn �x�/� �xy/� �xy/� �x�/� �x�/� �x�/�
Mg y��/z y��/z ���/z ���/z �x�/z ���/z
Ca �xx/� �y�/� �z�/� ��x/� ���/� ���/�
Na ��y/� ��z/� ���/� y�z/� ���/� �x�/�
K �xy/� ���/� ���/� �xz/� �zz/� ���/�

Total ���/�y ���/�y ��y/�y y��/�y y��/�y y��/�y 
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�$8C*� &*�C H7 �A� &*�C H7 �A� H>; &��"7
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&*�CA�

H7 �
&*�CA�

H7 �
&*�CA�

SiO2 �y/��  ��/�y  y�/�y  ��/��  �x/�x  y�/��  

TiO2 ��/� ��/� ��/� �z/� ��/� ��/�
Al2O3 y�/�� ��/�� z�/�� z�/�z �z/�z ��/�
Cr2O3 ��/� ��/� �z/� ��/� ��/� ��/�
Fe2O3 x�/� y�/� z�/� ��/� ��/� �z/�
FeO ��/�z �x/�z ��/�z �x/�x �x/�x �x/��
MnO z�/� z�/� z�/� z�/� z�/� z�/�
MgO ��/�z  zx/�z  ��/�z  ��/��  yz/��  x�/�x  

CaO yx/��  ��/��  yy/��  y�/��  ��/��  �y/��  

Na2O x�/z x�/z z�/z �y/z ��/z x�/z
K2O yy/� y�/� y�/� �x/� ��/� xx/�
Total y�/��  ��/��  �y/��  zy/��  x�/��  ��/��  

Formula (corr.) zx(O) zx(O) zx(O) zx(O) zx(O) zx(O) 

Si y��/� y��/� �x�/� yz�/� y��/� �y�/�
Ti �z�/� �zy/� ���/� ���/� ���/� ��x/�
Al ���/� ��z/� �x�/� �z�/z ���/z ���/�
Cr ��z/� ���/� ��z/� ���/� ���/� ��y/�

Fe3+ ��x/� ��y/� �x�/� ���/� ���/� ���/�
Fe2+ y��/� y��/� y��/� y��/� �x�/� �zy/�
Mn �xx/� �x�/� �xx/� �x�/� �xy/� �xz/�
Mg ��x/z ��z/z �x�/z yyz/z y��/z ���/z
Ca ��y/� ��y/� ��z/� ���/� ���/� ���/�
Na ���/� ���/� ��z/� �y�/� ���/� ��z/�
K ��x/� ���/� ���/� ���/� �z�/� ���/�

Total �zy/�y  �zz/�y  y�x/�y  ���/�y �x�/�y yzx/�y

���� ;����4
��*E� ��y ��y ��y ��y ��y 

&!< H$���@ �X�� Hbl�x Hbl�� Hbl�R Hbl�Q Hbl�� 

���7 !"+>��*0 !"+>��*0 !"+>��*0 !"+>��*0 !"+>��*0 

�$8C*� &*�C H7 �A� &*�C H7 �A� &*�C H7 �A� H>; &��"7 &*�C H7 �A�
SiO2 ��/��  �y/�y  ��/��  z�/�y  �z/�y  

TiO2 �y/� ��/� ��/� z�/� ��/�
Al2O3 x�/��  ��/�z  y�/�z  yy/��  ��/��  

Cr2O3 ��/� ��/� ��/� �x/� ��/�
Fe2O3 ��/� ��/� y�/� ��/� xx/�
FeO ��/��  ��/�x  ��/�x  ��/�z  ��/�z  

MnO zy/� z�/� z�/� x�/� z�/�
MgO �z/�x  z�/��  xz/��  ��/��  ��/�z  

CaO y�/��  zx/��  y�/��  ��/��  ��/��  

Na2O xx/z ��/z x�/z ��/z zy/z
K2O ��/� �x/� y�/� y�/� y�/�
Total ��/��  ��/��  z�/��  ��/��  ��/��  

Formula (corr.) zx(O) zx(O) zx(O) zx(O) zx(O) 

Si ��z/� y�x/� ��x/� y�y/� ���/�
Ti ��x/� ��z/� ���/� �x�/� �z�/�
Al ���/� z��/z ���/z ��z/� ���/�
Cr ���/� ���/� ��y/� ��x/� ���/�

Fe3+ ��z/� ���/� ��z/� ���/� ���/�
Fe2+ �x�/� y��/� ���/� yy�/� yzy/�
Mn �x�/� �xz/� �x�/� �x�/� �x�/�
Mg ���/z �xy/z ���/z ���/z �y�/z
Ca ��y/� ���/� ��z/� ���/� ���/�
Na �y�/� ��y/� ��z/� ���/� �x�/�
K ���/� ���/� ���/� ��y/� ���/�

Total ROc/�R  y��/�y  ���/�y  ���/�y  y��/�y  
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!+# z��&��E< �����%�x�� � .$�/����`";��(	 �$;��&*}���)!"# $% S < D�E< (1. . .��

�+�?@B&!"0� V$-(= 1� H>; !"+>��*0 1 /I7*
JI3 A�0�*+% �<�� A $	�*3 �	�% �% �$;�� �+n� A){B��) (ppl ( )*B>�1 % 1�:$�*B>$?�@ A�B0
 �@ �� �*#*�)�.(

����"A){�� (& :�4 �@ �:$�*>$?�@ H=��*7 )*>�1 % 1 &*7��� �$;�� �� �*#*� A�0/I7*
JI3 �>$7 = A)��*E�PQR(���*E� �� �Or-Ab-An.

;���� ����" 'A)�(D*>$?�@ q$7 = �:$�*>$?�@ H=��*7 )*>�1 % 1 ��%H$� L"; A�0)��*E�PQR(���*E� �� �Mg/(Mg+Fe2+) B%� % �� TSi]M[
1)�(�@ �� �*#*� A�0�-$� q$7 = ���*E� �� �0AlΙV�% �>�� Fe/(Fe+Mg)]c.[

0.5 mm

*$� C

*$�

*$�

C D
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�&��/ {;*
 &H>;�]�� 
� �;�"< ���7 1 �;�"<�*+% �+`� ��

 

�+�?@E&*�C A�0!"+>��*0 A�)br.Hbl ( �7 H>; !"+>��*0 �% A��"7 Y�% ��)gr.Hbl(&!B"0� V$-(B= 1� /I7*B
JI3 1 &!B< V
!>= �+Bn� A
)*>�1 % �:$�*>$?�@ A�0)PPL(.

����"4){�� (D*>$?�@ q$7 = :$�*>$?�@ .�71 $3 )*>�1 % �� �*#*� A�0 �)��*E�PRM(���*E� �� �Mg/(Mg+Fe2+)�B% �>�B� Tsi]M[�)�(
���*BBE� �� �@ A�BB0�-$� qBB$7 =AlΙV�BB% �>�BB� Fe/(Fe+Mg)]c[�)�(���*BBE� �� �@ A�BB0/I7*
JI3 qBB$7 =Or-Ab-An 1)9(qBB$7 =

.�71 $3*"$+7 ���*E� �� �@ A�0Ca-Mg-Fe Cpx-En-Fs-Wo]�N.[

0.25 mm 0.5 mm 

*$� C

*$�
C

D F
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!+# z��&��E< �����%�x�� � .$�/����`";��(	 �$;��&*}���)!"# $% S < D�E< (1. . .��

��� �����	
����� 
?�@D*>$ & $`�/ A�0 9�-$+$; ��0 �B� V$-(B= �� �?,��� A�-

���7 ��:W�; 1 �]�$E$< q$7 =  �� /� �7 !"0� A���� ��B;�"<
 ��GI� V%�C h*"= !":�0 A�]�R.[1 �]�$E$B< qB$7 = h*B"=

 �� q>; �A��:W�; �@ �7 �*< �8$;1 & :�4 �� !"<�% ���C �0
 L"; h�*�� /� ��(B	 1 ��� {+:�� \
� < �% ��0 !�*B< V$-(B= �.

D*>$?�@ L"B; ���E= �� p�>
 �= �0 !BG ��$�B+	 .B
��@ A�B0
& :�BB4 �� 1 �BB$	�� 1 \BB;�1 �BB�� /� �8$BB;1 A)C˚��RN�

ONN (��(BBB	 1)Kb6T��(!BBB���� �*�BBBG]�Q.[��!BBB��
Na�Ca�Ti 1Al 1 �B�� ���(B	 F%�= �D*>$?�@ q$7 = �� �*#*� 

�;� �2$�7� �4!�H
 4 .Z0�]�B0 �*$=�7 .$"� VB��Ti �Al 
1 V7Al �$8C*� ���G ��� �% �>�� ���#1���� A�0 �% !��-

��!B�� Y
�HB	� q>; ���� Y
�H	� �7 A�*dTi Y
�HB	� HB$� 1
��H$�AlIV �B� �*B<]�P.[ B0 A�/� �B% po*BE8��NN �B#�� 

�p�>
 �= ���� Y
�H	�T/N��H$� �% �*$=�7 AlIV �B� &�1H	� �*B<
]�P.[�IW  %AlIV ��H$� �AlVI ���(B	 Y
�HB	� �B% qB;�":� 

���!B� �@  B% A $~_= ���� 1 &!< ��
/ .�>B;�w� ��!B�� AAlVI 

1AlTotal &/�!�� A�">� �D*>$?�@ q$7 = /� &��?:;� �% ��(	 A $4
 ��!�� � 
/ a�;�Al A�BE4�� �� �@ �B�+� F%�B= �D*B>$?�@ �� 

�;� �@ �*+>= ���/ �� Z7�G ��(	 F%�= �-+% �&�*>� ���� .!B�� ��
Si �@  % ��(	 1 ��� 1 �;�E4�� �� �@ ��!�� F%�= �D*>$?�@ �� 

���!� A $~_= ]�P.[
�>;�w� A� % )/o �D*B>$?�@ q$7 = /� &��?:;� �% ���� 1 ��(	 A
��*E� �;��42
1 A���� �0!"<�%  
/ A�0:

���,*E`� A���� ���B7 /� ��
HE0 A� ���B;!+	 �H=��*B7 A�B0
 0 �/I7*
JI3 ��
�$+C !"<�% �$"E+
� 1 �$:$��� ��$=*$% �!"+>��*

]�M.[
6��BX%�� 1 &�*B% o�B% p�:>�� ��2$�7� �4!�H
 4 Q/N+Mg < 

FeTotal /FeTotal !"7 S!n �0 D*>$?�@ �� .��@ �$�(B= A� B%
 �*< &��?:;� �0 ���7 H�J���3 /� �;�  :�%]�M.[

T�D*>$?�@ /� �:�
�% ��0��1@ % �� B"$:7� q$7 = �7 �]�0 �:$�*
  B
/ /�B	 �� ���B7 .
� �;� .-E� � 
/ a� 7 �<*3 Z(� !����
 !B"+>��*0 1 .�B71 $3 !B$�*= ����B; 4�  B~� �� 1 ��E`�� �X��

 !
�E�]�c.[
O���X"� !C�	 !
�% �0!"+>��*0 !"B<�% ��B; 4��� HB$� 1 A!B"%
]�M��c.[

R��*$=�7 ��!8= �:�
�% �!"+>��*0 A��:W�; D*� 	 �� �@ A�0
R/PSi≤1R/�Ca≥!"<�%]�P.[

k1� �*"7 �= �>;�w� A� % A��
/ A�0 &��?:B;� �B% ���(	 A
�;� &!< �]��� �!"+>��*0 q$7 = /� ]�P��� �6N�6T[.)�E= ��

k1� A�"�:;� �% �&!<��
 A�0]6O[��!B�� ��B;�  % ��(	 �Al 
A B'
� A�B0 :����3 .:	 4  �� �� �1!% 1 !"+>��*0 �� �*#*�

 �� �;� �% ����  $��!
@ .D*>$?�@ ^"; �����B]��� /I7*B
JI3 
\;*= &!<]�Q�6O[��!8= ��;�  % Si 1�*$=�7 A�B0 Al ��

�$8C*��� D :"7 ���#1 ���� D*>$?�@ �!]� := A�0�*<.

���$& ��G<� H�G�� �G� 	
�� ��� ���� � ��G���  �G��
��9!"�( 

�;� % &1IB, �D*>$?�@ q$7 = �7 �;� �@ A�
*4 ��% `= A�0
 A�B0/�	 1 VB7 qB$7 = ��2$�B7� �4!B�H
 4 ��B�� �B% ��(	  %

 �;� �:�%�1 ��
HE0]�P.[��B
 A�B0 :����3 .:	 4  �� �� �%
��!�� r*bW �% 1 &!< AlTotal  D*B� 	 �*"7 �= �D*>$?�@ A�B0
  '(0123 \;*= A��
/ �>;�w� A� % �&!< ��
 �� �B]��� ��(B	 A

D*>C V%�C �7 !< �@ .
 = �0]Q[�;� ./� &��?:B;� �B% �.
� %�B"%
�%  
/ �X%�� /� ��(	 �^"; ��(	 .$�/�� �;�!
@:

P [± 0.6 Kbar] = -3.01 + 4.76 AlTotal 
�D*B� 	 .
� ��P1 ��B%*+$7 q�BG  B% ��(B	 �AlTotal ��HB$� �

= �� V7 )*$"$�*�@ �B;� D*>$?�@ q$7  .�B7 A�1@��B
 �B% )/o
&/�!�� k1� �% �>�� �� ��!�� .
 =o�% �k1� .
� /� ��(	 A $4-

�� ��(�  '
� A�0 !0�]6R.[
�% Ao�B% �4!B�H
 4 \
� B< �� �7 �
�0!"+>��*0 �+7 �*d

 �� �B:	�
 �*+>= A�0!"+>��*0 �% �>�� �!�� &!< �*+>:� �2$�7�
 �7� .$]�3 �4!�H
 4 \
� < .iBEX� ^
�:� ��2$ �� A B:�% 1  B=

 ��� .$�/ A� %��B� ��(B� �`"B; ��(B	 !B0�]�P.[�B��1� 	
 �2$�B7� �(B�% ��(B	 ��*% o�% /� �
�-G �$"E+
� 1 �$:$���

!BB���� .D1!BB# ���16&��� qBB$= = �BB% �BBX�� H$��BB�@ A�BB0 A�
D*>$?�@ )*>�1 % 1 �$;�� �% �:�%�1 A�0 �� 1 �:$�*B>$?�@ A�B0
 D1!#T(	/� &!< �>;�w� ��]P[&!< �]���!�� .

	
����� ���� 
�>;�w� A� % ��*E� ���� AD*B� 	 ��;� % ��*� A�0]Q[��*B�

 �B;� �B:	 4 �� C &��?:;�)D1!B#6.(A�:B;�� �� ��B4� >���
 [�>=�� �%�
/�� �]�$E$B< qB$7 = 1 �B�� ���(B	 .$% .-E� A�0

&/�!�� A� % ��  
/ D*� 	&� 7 � X� ��� A $4!��:
T = 25.3P + 654.9
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�&��/ {;*
 &H>;�]�� 
� �;�"< ���7 1 �;�"<�*+% �+`� y�

 �B#�� q�BG  B% ���� ��X%�� .
� ��  B% ���(B	 1 �� '$:��B; A
&/�!�� ��%*+$7 q�G�� A $4!�*<.

/I7*B
JI3 1 !"+>��*0 q$7 = /� &��?:;� �`";���  '
� k1�
�BB;� .�`"BB;��� k1� ��*BB� �� �]�0!BB
� = /*BB"0 !BB"�  BB0

!"+>��*0�pIB8	 ���1 ����� �*#1 /I7*
JI3 k1� /� �B-
 A�B0
 L"; �`";��� A� % ^
�� �-0@ A�0��� ���G �% �
�$+C !
@

]�M.[�>;�w� A� % �B<�� �1/ �:�B
�% �k1� .B
� �B% ���� A
Z$�+7 D*>$?�@ A�0�*+% ��B
HE0 9�*Bn �B% /I7*
JI3 1 ���

D*>$?�@ 1 &�*%�$<�G !C�	 ��0 !"<�% �:$�*"$:7� A]�c.[
�% ��`";��� .$�/ k1� .
� ��B7 ����B>= ^"B;��� .$B�/ �
 

��Y"7�1 ��;�  % �7 !"7�� )�`��  
/ A�0 � $4]�c:[
Edenite + 4 Quartz = Tremolite + Albite 
Edenite + Albite = Richterite + Anortite 
 1 !B<�% H=��*B7 A���� �L"B; �7 �;� �X
� < �� D1� Y"7�1

 ��*7 L"; �� �7 �;� �X
� < �% [*% � )1� Y"7�1 �*B#1 H= 

!<�% �:<�!�]�c.[
�BB$��� Y"BB7�1 ��BB;�  BB%�A� BB%  BB
/ D*BB� 	 ��BB$�*� = 

D*B>$?�@ �`";�����B;� &!B< �B]��� /I7*B
JI3 ]6Q.[.B
�
 L"; �� ^";��� A���� �B7 �XB;�1 !BG 1 �$�+	 .
��@ A�0

 �B% /I7*
JI3 �H=��*7c6%An< D*B>$?�@ 1�B% �]�B0M/PSi≤
A� B% 1 �:B<�� � %��7 !"<�% A�B0��� RNN �B= ��NN �B#�� A

�;� &!< �`"�E0 ��� '$:��;]6Q:[
T [±311˚K] = 0.667 P[Kbar] - 48.98 + YAb / -
0.0429 - 0.0083144Ln{(Si - 4) / (8-Si)XAb }

��X%�� .
� ��T�#�� q�G % ����8= A��� �.
*+7 AP��(B	 
���B%*+$7 q�G  %Si �*$=�B7 ��!B8= D*B� 	 �� |$+$B; A�B0

W�; �D*B>$?�@ A��:XAb /I7*B
JI3 �� �B$>�@ !Bn�� ��!B�� 
�;� .��!��YAb�1� /� %�� �>;�w�  
/ \�*<:

XAb >0.5→ YAb  = 0
XAb <0.5→ YAb = 8.06 + 25.5(1- XAb )2

����ID*>$?�@ A� % &!< �>;�w� A��� 1 ��(	 )*>�1 % 1 &*7��� �$;���� �*#*� A�0�@ �:$�*>$?�@ A�0.
���)˚C(�
�3  %]Q[��(	)Kbar ( �
�3  %]P[&!< �
H`= [��� L"; h*� ��*E� &��E< 

NOTQQ/MT� cQ66/Q�hbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 

6QT��/M6R PTTP6/Q6hbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 

�OP�Q/M�R TTTMM/QThbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
c�NPM/MNO c6c6M/ROhbl)H>; &��"7(�:$�*>$?�@ )*>�1 % PQR 
6O�P�/M�c OcRP6/QRhbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
PPR�M/M�� 6NNQ/QQhbl)H>; &��"7(�:$�*>$?�@ )*>�1 % PQR 
MMNOT/M�M OM�OO/QPhbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
N6QPT/M�R T6c�6/QMhbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
McRQ/M�� 6NRTQ/Qchbl)H>; &��"7(�:$�*>$?�@ )*>�1 % PQR 
NROTQ/MTO NM�6/P�Nhbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
PQQ66/MT� ccNPQ/Q��hbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
6�6TO/PPP MTOOM/O�6hbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
�M�cc/Pc� TMQQO/R�Thbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
PP6OR/MOO RNOMO/P�Ohbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
�RcQ�/MO� TQ6NO/P�Rhbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
OTR6c/M�P O6OT6/Q�Qhbl)H>; &��"7(�:$�*>$?�@ )*>�1 % PQR 
QOONR/MNM NPQMO/Q�Phbl)&*�C H7 �A�(�:$�*>$?�@ )*>�1 % PQR 
6TccQ/PcQ RMQRQ/R�Mhbl)&��"7(�$;�� PQR 
RT6RP/PMM 6M�c6/R�chbl)H7 �(�$;�� PQR 
T�PRc/PMO ��RT6/R6Nhbl)H7 �(�$;�� PQR 
�cP�Q/PMO ��NRQ6/R6�hbl)&��"7(�$;�� PQR 
TMQ6P/Pc6 OTO6O/R66hbl)H7 �(�$;�� PQR 
PNQR/MNT MM�QM/R6Thb)H7 �(�$;�� PQR 
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