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)����$*"� P�� (���   + �J o3�  +��E " !�3- �5)�0 ��3$

�
%>8 ��{B�(� 7�/� �3)  + @+�- ��+"+#	 �- " ='E� G�3H
 " G"=�J+ �A3D�O�B @�E�3,- �� " K'0 �5� �� %
� @�E�3,-

�� �	�
 �
S'	 =�31)PR1;G.(@#�)�8 �3,D8 #.���- #�+ �
+
7B�- " !�3- �E�� #a�7B P�R/8 =0��- �E �5	� m�- �,4

�  7�
�+#$�- " ��?'� �
��#$ ��!�38 \
�%8 A�D�� @�E
=1�- �5	#$ G�3H �5�(>�"#8 .

�� %�� G"=�J+ �3,D8 �M �0+ 7B =
3� @��.� K'0 =E+31 
�- ��0+ �5	#$ G�3H �,U#� "�G"=�J+ �M @�3W P�� @�E

!���)� X
+#1 �� A"+�- �-B ���1 @�� " !=�B �3T"
$�+3$#-��51+� �M#1 K'0 �� =�+�0]-"#�	�3J �M ���U -

�- yW��5� *"� P�� G"=�J+ @�E$�+3$#-�" !�3- K'0 �'��  
�,)+� �5
 35��1 G�3H �- +#�B)si(�5	#$#- ��=�+ .Gm3xL�

�0]-"#�	�3J P��1 �5/$#- ��3$#$� ��D�B �1�� @�E
)PR1;�(��1�U �'�/��T ��- @=0 A3D�O�B P��M �
 @+

�,�0",M %D0 A3D�O�B @I�� �@=0 )PR1;�(�
%>8 "
����$='5�E G"=�J+ " �
#,M �- A"+ P�� @�E .��

�0]-"#�	�3JA�)�+ ��D�B @�E A3D�O�B " G"=�J+ �����$ @�E
 ��+� �3T")PR1;�.(�3R0"#R�� #
  �� " A"+ !�.� ��

���1  + @����- %D0 ���1 �(0 �- +� 7+#./E"SJ #a� �E
�� C300�#- �- ��" =E�\�&� �J3R0"#R�� ��� #8 7+38

�-B A3D�O�B  + �
�
��-A3D�O�B %M#� �� +� �- �
 " %D0 @�E -
�0]-"#�	�3J �� A�)�+ G�3H�#M �
�0�'1 ��D�B @�E .��

��3(�  + ��:-�0]-"#�	�3J �E �� @=0 A3D�O�B �1�� @�E
�.5�R1 @�50+� �� �
 ��1�U�
%>8 ��83�- �- �3,- @�E!=1 -

=�+ .��3(� �� �
S'	!=� �0 @=�0+ ���38"#J @+�+� @�E @
�,H+$�+3$#-�+� ��D�B " A3D�O�B @�E�3,- ��- @��	 " !�3- 

�� #J ='M)PR1@�E;�";�.(�- �
S'	 <�(8 PL� ��
�- ��83�- �A3D�O�B " ����$ P�R/8 �/'M+" ��1�U G�3H

�0+ !=1.

���� J�� 1����� 
�- Y�M#8 �)�'1 �3a'����M �
��(�1��� G�D0�L� %�� " �E �

���M @"� ��>'0��/	 @�EZ + ��3(� ���1 V�- �-B @�E
 +r[[�?�� �1 +�#J%
� �
%>8 �	#$ G�3H @+ .V�- �
+ ��

���M Y�M#8 P�xO8 �-!=� �0 @�E���1 @" �-B @�E
���M �
+ �D�M#8 G+#���8 t
#/8 ��3$#$� @#�$ PR1 �W �E

���31.

"�%�K�� 
��5�	#� �0 �EB " ��T" �/E *3�'��3�B #
���� �- �T38 �-

A3D�O�B�-B @�E)���"+ (�M$�+3$#-�"X)$�+"��
 " K'0 
A3D�O�B �5�E%D0 @�E )@3��{ (�5)�0 +� 7�	3M3,$ o3�  + �=�+

�
� "��R- 9
%�'� " �EB ='5�E �+�)A"=T�"PR1@�E Z
q�+ "Zc(�+3� Y�M#8 �M ���U ��A3D�O�B @�E%D0 )@3��{ (

��1�U �� �3T3�A3D�O�B  + ='8��D4 @�-B @�E �- " �
%�i"��- 
��f'
" G�=�)A"=T2PR1 "Z�.(

A3D�O�B ��- ��+='p �D�M#8 G"�O8���38"#J @=0 @�E -
A3D�O�B " @ �- @�EK'0 �� �3T3� @=0 @�E 73$#$� @�E

�(� !=
� I��,	 �3T3� A3D�O�B X�	 ��31���1 �� @�E
���1 �� �3T3� A3D�O�B �- �D�� @ �- �-B I��,	 �-B @�E

�'~ �(M  + #8Mg  + #8#��	 "Fe ='5�E )A"=T�.(��-
A�)�+�0]-"#�	�3J �� �3T3� A3D�O�B @�E " ��D�B @�E

A3D�O�B�'��  @�E !=E�/� ��+='p �D�M#8 G"�O8 %�� K'0 @
�(��31.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

13
 ]

 

                             7 / 18

https://ijcm.ir/article-1-401-fa.html


��:� ��8 "� �@��-B#x�P>L� �@3b� �@#
 " 7+#
+ �0�'1 ���M " �0�'1�3,- �,>� �w�

 "�.L,�1 %����B �
�5� �
� " 7�	3M3,$ �
��(��R- .<�0+ #- A3D�O�B @��5)�0 A3�#	26�0+ 7S��M+ .�- PM �EB G�3HFeOt !=1 �D0�L� 
�0+.

Sample )M����(Ns57    )M����(Ns89  Ssi441 )M����( 378b )M����(
SiO2 r/ZZ ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� w�/�� �w/�� ��/�� �w/�� �w/�� 
TiO2 ���/� �w�/� ���/� �/�� ��/� �w/� �/�� ��/� ��/� �/�� ��/� �w/� ��/�
Al2O3 ��/� ��/� ��/� �w/� ��/� �w/� ��/� ��/� �w/� ��/� �w/� �w/� w�/�
FeOt ��/�� ��/�� ��/�� ��/�� ��/�� w�/�� w�/�� ��/�w ��/�� w�/�� �/�� ��/�� ��/�� 
MnO �w�/� ���/� ���/� ��/� ��/� w��/� ��/� ���/� w��/� �w�/� ���/� ���/� w��/�
MgO __/r �w/� ��/� ��/� ��/� ��/�� �/� ��/� ��/� w�/� ��/� ��/�� ��/�� 
CaO ��/� ��/� ��/� ��/� �/� ��/� ��/� w�/� �/� ��/� ��/� ��/� �/�
Na2O ��/� ��/� ��/� ��/� w�/� ��/� ��/� w�/� ��/� ��/� ��/� ��/� ��/�
K2O ��/� w�/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� �/�
Total 6�/�` w�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �/�� ��/�� �/�� 

Si ��/� ��/� ��/� ��/� ��/� ��/� �w/� ��/� �/� ��/� ��/� �w/� ��/�
Ti ���/� ���/� ��/� ��/� ���/� ��w/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

AlIV ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
AlVI ��/� �w/� ��/� ��/� ��/� ��/� �/� �/� ��/� w�/� ��/� �/� ��/�
Fe2+ �w/� ��/� ��/� �/� ��/� ��/� w/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe3+ ��/� ��/� ��/� �/� ��/� �/� ��/� ��/� ��/� �w/� ��/� ��/� �w/�
Mn ��/� ��/� �w/� �w/� �w/� ��/� �w/� ��/� ��/� ��/� �w/� �w/� ��/�
Mg ��/� w�/� ��/� ��/� �/� �w/� ��/� ��/� ��/� ��/� ��/� �w/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/� �/�
Na � ��/� ��/� ��/� ��/� ��/� �w/� � ��/� �w/� ��/� ��/� ��/�
K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum Cat. ��/�� ��/�� �/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� 
Mg# �� �� �� �� �� �� �� �� �� �� �� �� �� 

8/�N!��A3D�O�B @='-@=0 @�E )c " q�+ (I��,M "�@=0 
)�(9���8 <�0+ #-@='- ]2`[.��3(� @�ENS89 "NS57 @+�+�

@=�0+ ���38"#J)�,��(��3(� "@�E378b �bs6  "Ssi441 @+�+� 
@ �- ���38"#J)!#
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=,T ���!��(1 �����-�w�� ���M�0�'1 ��� "����1 �>'0��/	 �43(>� �-B @�E73$#$� @. . .�w�

"�.L3%>8 �
�5� �
A3D�O�B �
��(�1 @@=0 @�E �I��,M )��f'
" " �
%�i"��- .(A3D�O�B �
+ @��5)�0 A3�#	 <�0+ #- �E267S��M+ 
�0+ .�- PM �EBG�3H FeOt�0+ !=1 �D0�L� .

Sample 
Ns57 

)M����(
Ns89 

)M����(
Ssi441 

)M����(
BS6 

)M����(
378b 

)M����(
SiO2 �r/Z� ��/�� ��/�� ��/�� w�/�� �w/�� ��/�� ��/�� w�/�� w�/�� ��/�� �/�� ��/�w w�/�� 

TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� �/� �/� ��/� w�/� ��/� ��/� ��/�
Al2O3 �/� ��/� ��/� ��/� w�/� �w/� w�/� ��/� �w/� ��/� ��/� ��/� ��/w ��/�
FeOt ��/�� ��/�� �w/�� ��/�� �/�� ��/�� ��/�� ��/�� w�/�� �w/�� ��/�� w�/�� ��/�� �/�� 

MnO ��/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� w�/� w�/� �/� ��/�
MgO ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �/�� �/�� 

CaO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/w ��/�
Na2O �w/w ��/� w�/� ��/� ��/w w�/� ��/w w�/� ��/w ��/w ��/� w�/w w�/� �/�
K2O �w/� w�/� ��/� w�/� ��/� ��/� ��/� w�/� w�/� w�/� ��/� ��/� �/� ��/�
Total ��/�� ��/�� ��/�� ��/�� �w/�� ��/�� ��/�� w�/�� w�/�� ��/�� �/�� ��/�� ��/�� ��/�� 

Si �/� ��/� ��/� w/� ��/� ��/� w/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� �w/� ��/� ��/� ��/�

AlIV ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� w�/� ��/� ��/� w/� ��/�
AlVI ��/� �/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� w�/� �w/� ��/� w�/� ��/�
Fe2+ ��/� ��/� �/� ��/� ��/� �/� ��/� ��/� ��/� ��/� ��/� w�/� ��/� ��/�
Fe3+ ��/� �/� ��/� �/� ��/� �w/� ��/� ��/� ��/� w�/� ��/� �/� w�/� w�/�
Mn ��/� ��/� �/� �/� ��/� ��/� ��/� ��/� ��/� �w/� ��/� �w/� ��/� ��/�
Mg ��/� w�/� ww/� w�/� w�/� ��/� ��/� w�/� ��/� ��/� ��/� ww/� ��/� ��/�
Ca ��/� ��/� �/� ��/� ��/� ��/� �/� ��/� �/� ��/� ��/� ww/� ��/� ��/�
Na ��/� ��/� �w/� ��/� �/� ��/� �/� ��/� ��/� ��/� w�/� ��/� ��/� w�/�
K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/�

Sum Cat. _Z/�6 ��/�� ��/�� ��/�� ��/�� ��/�� w�/�� w�/�� ��/�� �/�� ��/�� ��/�� ��/�� ��/�� 

Mg# �� �� �� �� �� �� �w �� �� �� �� �w �� �� 
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��(�1 Y�M#8 @�E ��+"+#	 ��E

!=� �0��z0+ @*"� " A"+ P�� ����$ o3� "� #E �� ��8�
 �0+)A"=T6.(+ �0P��1 ����$ @�E :��8���z0+);��8_�
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Y�M#8 G+#���8 �*"� " A"+ P�� ����$ o3� "� #E ��
 %M#�  + 9
%�'� " �EB V
+%	+ " %'.'� VE�M P��1 �
��(�1
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#8
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3� %�� ����$ �W #H�'4 �
+ @
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��:� ��8 "� �@��-B#x�P>L� �@3b� �@#
 " 7+#
+ �0�'1 ���M " �0�'1�3,- �,>� �w�

 

8/�Q#
3x8BSE��?'� @�E3.�+ " ����$ VE�M P��1 A"+ P�� o+3�+ �� 7B @='-MnV
+%	+ "Fe2+"Mg- %M#�  + �1�U ��@-" �0+ �3,
 U#� �� ����$ =1� #.���-�,@!=�"#/�J ��3$#$� �0+ .V
+%	+Mn �D�� �/Mg Fe2+VE�M "Fe �T���) �� =�
3� %��� �����$ V��- �
#�8

�0+ !=�"#�J ��3$#$� �W ��3
 Gm��D8.

"�.L6���1  + ��3(� �0 �� ����$ %M#� " ��1�U �
��(�1 �
%>8 �
�5��-B @�E .$ @��5)�0 A3�#	 <�0+ #- �����2!=�1 �D0�L� 7S��M+ 
G�3H ��- A��:8 N"� �- �5�	#� �0 " "� �EB V
+=T "�0+ �5	#$ .�- PM �EB G�3HFeOt�0+ !=1 �D0�L� .

Sample Ns57 )M����( Ns89 )M����( Ssi441 )M����(
mineral �0���R 
����)Grt II( �0���R 
����)Grt II( ��D�# 
����)Grt I(
position $� � $� � ����5 ����5 $� � $� � ����5 ����5 $� � $� � $� � ����5 ����5 ����5 

SiO2 ��/w� ��/w� ��/�� �w/w� �/w� ��/w� ��/w� ��/w� ��/w� ��/w� ��/w� �/w� ��/w� ��/w� 

TiO2 ��/� w�/� �/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/�
Al2O3 ��/�� ��/�� ��/�� �w/�� ��/�� �/�� ��/�� ��/�� �w/�� �/�� ��/�� w�/�� w�/�� w�/�� 

FeOt ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� w�/�� ��/�� �/� ��/�� ��/� �w/�� ��/�� w�/�� 

MnO ��/�� ��/�� w/�� ��/�� �w/w� ��/�� ��/�w ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �/�� 

MgO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� w�/� ��/� ��/� w�/� ��/�
CaO ��/� ��/� ��/� ��/� ��/w ww/w ��/w ��/w ��/� ��/� ��/� ��/� ��/� ��/�
Na2O ��/� �w/� ��/� w�/� ��/� ��/� �/� ��/� ��/� �w/� ��/� ��/� ��/� ��/�
Total ��/��� ��/��� ��/�� �/��� ��/��� ��/�� �/�� w�/�� �/��� ��/��� ��/��� ��/��� ��/��� w�/��� 

Si ��/� �w/� w�/w �/w ��/� ��/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

AlIV ��/� ��/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/� ��/� �w/� ��/�
AlVI ��/� ��/� �w/� ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �/� ��/� ww/� ��/� ��/� ��/�
Fe3+ ��/� �w/� ��/� �w/� �/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� �w/� ��/� ��/� �/� �w/� ��/� ��/� �/� �/� �/� �w/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� ��/�
Ca ��/� ��/� ��/� �w/� ��/� ��/� w�/� ��/� ��/� ��/� ��/� ��/� �/� ��/�
Na ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum Cat. �_/_ ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg# w w � � �� � � � � � � � � �
Grs �� �� �� �� �� �� �� � �� �� �� �� �� �� 

Pyp �/� ��/� w � � � � � ��/� � ��/� � � �
Alm �� �w w� w� �� �� �� �� �w �� �� �� �� �� 

Sps �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

G�.�S# 
�
%>8 �
3��{ " ���"+ G"=�J+ o3� "� #E  +�?�� �1 +�#J%
� @-

=�B P(:- @+)A"=T;(7B �
��(�1 Y�M#8 �� ��" G"�O8 �E

=/� !=E�/� ��+='p .!=� �0 7+%��+ G"=�J+ �� ��0�5��J @ 
2[ �8 ;[�0+ #��5� =H�� .��?'� G"=�J+ " 9a'��� @='-

��3(� �- K'0 ��3(� I
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=,T ���!��(1 �����-�w�� ���M�0�'1 ��� "����1 �>'0��/	 �43(>� �-B @�E73$#$� @. . .�ww

�� 7�/� ��3(� I
 q,5�� %M#(8 VE�M G�3H �- �M =E�
!=� �0�0+ �3,- %M#� �- ��1�U  + ��0�5��J @.


0T�� 
A"=T �� �
S'	 �
��(�1 %����B;�0+ !=1 �i+�+ .�0+ @�E

 �
3R03�  + ='8��D4 �
S'	 �,H+)62�8;_=H�� (�
���"�]0)2��8Zr=H�� (���3$+��J �)[�8��=H�� ("
��J3$3,	)6�8Z=H�� (�1"� Y�M#8 G+#���8 h)�1 �
#8

 " ���"�]0 @+ �0 VE�M ���1�U �- %M#�  + �
S'	 �
��(�1
98+ �+=:8 VE�M �>�5� ��M#�  + *3���,�0 @�E ��1�U �- %

!=
=J  + �1�� lm�(5U+ �M �0+ �3,- �
 " !��-"� y
 38 " ��/5�+ @
�W �
3��{ ��83�- P�R/8 " �
S'	  + ���"�]0 @+ �0 �"#)

 �0+ !=�"#�J ��3$#$�])2_.([ �3T3� �
S'	 ��D�M#8 #a�  +
���38"#J ��='5�E �-�/� @=�0+ " @ �- @�E.

"�.L9�
%>8 �
�5� �#J%
� @���M �1 + �O�0+ ��
#,M ���D�B �G"=�J+ ��
S'	 @�E.<��0+ #�- �O�0+ �
��(��1 A3��#	 ;���D�B �7S���M+ `
�
#,M �7S��M+2`�
S'	 �7S��M+ 22G"=�J+ " 7S��M+ Z/�2!=1 �D0�L� 7S��M+ =�+ .�- �5�	#� �0 " "� �EB V
+=T G�3H ��- A��:8 N"�

- PM �EB " �5	#$�G�3HFeOt=1 �D0�L� �0+ !.Ti-Mn-Ca-WM" �0+ 9��,M " %'.'� �*3���5�8 @+�+� =�O0 @�R�� @+ �0X Ps  =H��
�0+ G"=�J+ ���M ��0�5��J �,R/5�.

Sample Ns57)I��,	( Ssi441)I�	��(
mineral �
S'	 G"=�J+ G"=�J+ �
S'	 

position %M#� ��1�U %M#� ��1�U 
�O0+ ��D�B 

%M#� 1�U�� %M#� ��1�U 
�
#,M �O0+ ��D�B 

SiO2 ��/�� ��/�� ��/w� ��/w� �/w� ��/�� ��/w� ��/w� ��/�� ww/�� ��/�� ��/�� ��/�� 

TiO2 �/� ��/� ��/� �w/� �/w� ��/� ��/� �/� ��/� w�/� ��/� �w/w� ��/�
Al2O3 ��/�� w�/�w �w/�� ��/�� ��/� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �w/� w�/�� 

FeOt ��/� ��/w �w/�� ��/�� ��/� ��/� ��/�� �/�� �w/� �/� ��/�w ��/� ��/�
MnO ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/� �/� �w/� ��/� ��/� ��/�
MgO ��/w �/w ��/� ��/� ��/� ��/� �w/� ��/� ��/� w/w ��/�� ��/� ��/�
CaO ��/� ��/� �/�� ��/�� �/�� ��/� w�/�� ��/�� ��/� ��/� ��/� ��/�� ��/�
Na2O ��/� ��/� �/�� ��/� ��/� ��/�� ��/� ��/� ��/� w�/� ��/� ��/� �/�� 

K2O �w/�� ��/�� ��/� ��/� ��/� �w/� ��/� ��/� ��/�� ��/�� ��/� ��/� �w/�
Total ��/�� �w/�� ��/�� w�/�� �/�� w�/�� ��/�� ��/�� ��/�� �/�� �/�� ��/�� ��/�� 

Si ��/� ��/� ��/w ��/w � �/w ��/� ��/� �/� ��/� �/� � ��/�
Ti ��/� ��/� �/�� ��/� ��/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/�

AlIV ��/� w/� ��/� ��/� ��/� ��/� w�/� ��/� �/� ��/� w�/� ��/� ��/�
AlVI ��/� ��/� �/� ��/� ��/�
Fe2+ �/� w�/� w�/� �w/� ��/� ��/�
Fe3+ ��/� ��/� � ��/� ��/� ��/� ��/� �w/� �w/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na �w/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/�

Sum Cat. [6/�; �w/�� ��/� ��/� ��/� ��/� ��/� ��/� �/�� ��/�� ��/�� w ��/�
X Ps ww �� �� �� 

Ms �/w� �/w� �/w� �/�� 

Cel �w �/w� �/�� �/�� 

Pg �/� �/�� �/� �/�
Phl �/� � � �

Ti-Mn-Ca-Ms �/� �/�� �/�� �/�� 
Ab �/�� �/�� 

An �/� �/�
Or �/� �/�
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��:� ��8 "� �@��-B#x�P>L� �@3b� �@#
 " 7+#
+ �0�'1 ���M " �0�'1�3,- �,>� �w�

#"�.L ��#	9
Sample Ns89)I��,	( BS6)I�	��(

mineral �
S'	 G"=�J+ �
S'	 G"=�J+ 

position %M#� ��1�U ��D�B P)+� 
�O0+ ��D�B 

3��5�8 
��5'.� ��1�U %M#� ��1�U %M#� 

�
#,M ��D�B 

SiO2 ��/�� �/�� ��/w� w/�� �w/�� ��/� ��/�� ��/�� w�/w� ��/�� ��/�� �/�� 

TiO2 ��/� ��/� ��/� �/w� ��/� �/�w ��/� ��/� ��/� ��/� ��/� �/�

Al2O3 ��/�� ��/�w ��/�� �/� w�/�� ��/� �w/�� ��/�� ��/�w ��/�w ��/�� ��/�� 

FeOt ��/� ��/� ��/�� � ��/� ��/�� ��/� w�/� ��/�� �/�w w�/�� ��/�

MnO ��/� ��/� w�/� �/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

MgO �w/w ��/w ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�� ��/�

CaO ��/� �w/� �w/�� �/�� ��/� ��/� �w/� �w/� �w/�� ��/�� ��/� ��/�

Na2O �w/� ��/� �w/� ��/� ��/�� ��/� �/� �/� ��/� ��/� ��/� �w/�� 

K2O ��/�� ��/�� ��/� �w/� ��/� ��/� �w/�� ��/�� ��/� ��/� ��/� �w/�

Total ��/�� ��/�� �w/�� �/�� ��/�� �/��� ��/�� �/�� ��/�� ��/�� �w/�� ��/�� 

Si ��/� ��/� �w/� � ��/� ��/� �w/� ��/� ��/� ��/� �w/� ��/�

Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

AlIV ��/� �w/� ��/� ��/� � ��/� ��/� ��/� ��/� ��/� ��/� ��/�

AlVI ��/� ��/� ��/� ��/� ��/�

Fe2+ �w/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Mn �/� ��/� ��/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/�

Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Ca ��/� ��/� �/� ��/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/�

Na �w/� ��/� ��/� ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/� �/�

K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum Cat. [2/�; ��/�w ��/� ��/w � ��/� ��/�� �� ��/� �/� ��/�� ��/�

X Ps w� �� �� 

Ms �/w� �/�� �/�� �/w� 

Cel �/�� �/�w �/�� �/�� 

Pg �/� w �/� �/w

Phl � � � �

Ti-Mn-Ca-WM �/� �/� �/�w �/�

Ab ��/�� w�/�� 

An ��/� ��/�

Or w�/� ��/�
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=,T ���!��(1 �����-�w�� ���M�0�'1 ��� "����1 �>'0��/	 �43(>� �-B @�E73$#$� @. . .�w�

"�.L ��#	#9
Sample 378b)I�	��(
mineral �
S'	 G"=�J+ 
position %M#� ��1�U G"=�J+ P)+� ��1�U %M#� 

��D�B 

SiO2 ��/�� �/�� ��/�� ��/w� ��/w� w�/�� 
TiO2 ��/� ��/� ��/� �w/� ��/� ��/�

Al2O3 �/�� ��/�� ��/�� ��/�� ��/�� ��/�� 
FeOt �/� ��/� ��/� ��/�w ��/�� �/�
MnO ��/� ��/� �w/� ��/� ��/� ��/�

MgO ��/� ��/w ��/w ��/� ��/� ��/�

CaO ��/� �/� ��/� w�/�� w�/�� ��/�
Na2O �w/� ��/� ��/� ��/� ��/� ��/�� 

K2O ��/�� ��/�� �w/�� ��/� ��/� ��/�
Total ww/�� ��/�� ��/�� ��/�� ww/�� ��/�� 

Si ��/� �/� ��/� �/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/�

AlIV ��/� ��/� w�/� ��/� ��/� �
AlVI ��/� ��/� �w/�
Fe2+ ��/� w�/� ��/� ��/�
Fe3+ ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� �w/� ��/� ��/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� ��/�
Na �w/� �/� �/� ��/� ��/� ��/�
K ��/� ��/� ��/� ��/� ��/� ��/�

Sum Cat. ��/�� ��/�� ��/�� ��/� �/� ��/�
XPs �� �� 
Ms �/w� w/�� �/�� 
Cel �� �/w� �/ww 
Phl �/� � �
Pg �/� � �/�

Ti-Mn-Ca-WM �/� �/� �/�
Ab ��/�� 
An �/�
Or ww/�

G�U�.�� 
K'0 �
+ G�z0=,	 �0+ h��) ��D�B �E)A"=T;( + "

�0+ ��3$#$� *"�  �	 �W �5/$#- ��3$#$� Gm3xL� .�
+
- " ��?'� �
��#$ ���  7�
�+#$ �5	� m�- �W ���M�A�D��

!�38 \
�%8�- �5�(>�"#8 @�EJ G�3H�0]-"#�	�3 �1�� @�E 
!=1 �3,D5��0+ .


0 �� 
�
#,M l�5D�� " !�3- @3��{ !�.50�) @+�+� ��D�B ='��� %�� �E

9
%�'�  + �'~ =�+)A"=T;.(

��	����� ���� 
N"����1 ��3$#$� @��� " ��/	 X
+#1 ��"+#- @�E �-B @�E

*#�  + !��O50+  + ='8��D4 I��M3�#8 �+%	+]62[���� @2r/6"
!#5�$ �'L'� A3D�O�B o+3�+ @�+=
�J @]66[. + @����- ��
�D0�L� ��+3�K'0 �� ��3$#$� �"+ @��� " ��/	 X
+#1 @-
!���)� @�E " !=�"#�J ��3$#$� A�(4+ �,4 �- �-B ���1 @

���M Y�M#8 ��0��U ��� " ��/	 G+#���8 �- !���)� �
+ @�E
!�+� �3D� "#D5:� �R���'
�3�#8 @�E ����:8 @�E �	 �- �5�-+" 

�D0�L� @��� " ��/	 lm3(:� " �0+ �R(�#�~ ���
�J @��� ��
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��:� ��8 "� �@��-B#x�P>L� �@3b� �@#
 " 7+#
+ �0�'1 ���M " �0�'1�3,- �,>� �w�

�'�/�- @��� " ��/	  + #5(M �!=1 �"+ X
+#1 �� 9M�U @
�0+ ��3$#$�]62.[

����  ��� G�D0�L� �� �M ����M �43(>� ��/	 @�E
 @=0 A3D�O�B)A3D�O�B %M#�(P�� ����$ " �
S'	 �G"=�J+ �

A"+)�3,- %M#� (�- +��,U#� �� %�Q+��J I
 G�3H �"+ @
!=�B �3T3- ��	=8 " V�+�"#	 �W �M ��3$#$��� #a� �� =�+ -

�- �9
#�$V'M+" �3D� P���7B ��- �R(� �
��(�1 @�E ��E
 �D0�L� P-�& I��M3�#8 �,�03- K'0 @��� " ��/	 ��.����

���M �M �0+ �
+ =
3� " ����#$� �"+ ����:8 @�E ��3$
!=1 !=�"#�J ��3$#$�  + �1�� G+#���8 N3�50�  + " �=�+

�
+�(� "�7B 7+38�- +� �E �
+ �� �+=
�J %�Q+��J I
 G�3H
�	#$ #a� �� �,U#� .�8�3H �� ��1�U c��5�+ �- �M @

A3D�O�B)�
%�i"��- (-���/	 �G�D0�L� �
+ �� �3,- %M#� @�T
!���)� @+#- ��3D& P-�& @��� "1 @�� �0� �- �-B ���-

=
B . �	 X
+#1 A��:� !=1 �D0�L� @��� " ��/	 X
+#1 �
+
�,U#� X
+#1 �- I
�%� �M �0+ A"+ ��3$#$� ��3$#$� �"+ @

�0+ .
�0]-"#�	�3J G�3H �- ��'8 ��D�B !�3- �3T3� �1�� @�E

A�)�+ @"�U �M �0+ ��3$#$�  �	 ���"� A3xL� �
#)B "-
" @=0 A3D�O�B  + �
�E I��,M�" ����$ ��
S'	 �@=0 

��� G�D0�L� �� �
+#-�'- ='5�E G"=�J+ ��	�b+ �- �>'0��/	 
�0]-"#�	�3J 7�#MI��,M A3D�O�B �43(>� �- ��D�B @�E �

@=0)�3,- @ ��1�U + (�
S'	)�3,- @ ��1�U + (�G"=�J+
 A"+  �	 ��3$#$� �- �D�� @#5(M ��/	 " #5/�- @���)�"+

��3$#$� (PH�U���31 .���"� X
+#1 A��:� ��� " ��/	 �
+
 ��3$#$�  �	���  7�
�+#$ V
+%	+ A�D�=- �M �0+ �
��#$

!�38 \
�%8 �>�5� �� ��?'� �$=�Bm�- ��U " �5�(>�"#8 @�E
�0+ �5	#$ G�3H m�- ��/	 @�E=U+".

�%��*� MD���� 1 �� ���� �	 ���� � ��	 �
1 �D0�L� @��� " ��/	 ��.���� I��M3�#8 �+%	+ *#� �- !=]62[

���� @3.26@��4+ ����:	 G�D0�L� �
+ �� " �=�B �0=-
���M �
��� �+%	+ *#� �- �EAX ]6;[=�=1 �D0�L� .��.����

 @��� " ��/	 PU+#� �� ��
  A�(5U+ �- �
 ��3$#$� �"+ �,U#�
���"+ c��5�+ �- �M ���3$#$� �"+  + �J �5/$#- ��3$#$� @

�43(>����M ��3(� A��:5� @�EK'0 q,5�� @�E @�E
�- �-B ���1 !���)� P��1 �!=�B �0����8�;��-3,�M 

" ��/	6Z[ �8 ;2[�0+ �+#.�5��0 �T�� .�D0�L� ��.���� @
V'M+" <�0+ #- ���� " ��/	 �	#$ G�3H #
  @�E)��]4 @�E

���M @��x5)+  + �E]6Z[A"=T �� " <�D5&+Z!=1 �	#:� -
+=�.(

1) 9Ts + 4Grs + 6Qtz = 3Tr + 4Prp + 12CzO                                             
2) 42Fac + 95Ts = 57Tr + 70Alm 3) 78fact + 
105Ts = 63Tr + 80Grs + 130Alm + 120Qtz + 
120H2O +80CzO + 40H2O
4) 15Tr + 12Prg + 22Prp + 72CzO = 57Ts + 6Gln 
+ 28Grs                      5)  8Fac + 19Ms = 19Fcel + 
7Alm 6) 173Tr + 20Prg + 140Pg + 130Alm + 
120CzO =  + 8CzO + 4H2O 78Fac + 235Ts + 
80Gln 
7) 10Prg + 235Cel + 70Pg + 65Alm + 60CzO = 
31Tr+ 39Fac + 40Gln + 235Ms 

]6r[M 7�/�#W�) %�� !�# ���1 �� ���30"m �3D� �M =�+
 + #8m�- @��� #.���- ��-B66[ �T���0+ �+#.�5��0 @.

"�.LN���M @��x5)+ 9i]4 �E]6Z.[
���M *�� @��x5)+ ��]4 
 ]M3
Q]J Pl 
��8�3�B An 
 38�+ Or 
��D�B Ab 
����$ Grt 

�m30"#$ Grs 
�"#�J Prp 
7=��(�B Alm 
A3D�O�B Am 

#8���3� Tr 
�
 �$��J Prg 
��M��#p Ts 
7�	3M3,$ Gln 

���3'�5M+"#	 Fac 
%8�+3M Qtz 

�
3R03� Ms 
���3$+��J Pg 

���"�]0"#	 Fcel 
���"�]0 Cel 
��J3$3,	 Phl 
�
#,M Chl 
G"=�J+ Ep 

��0�5��J Ps 
�
%�i" 3'�,M CzO 

�
%�i"  ZO 
��i�+Q Jd 
�����M Ky 

�
 3�+=�B And 
�0����(�, Sil 
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=,T ���!��(1 �����-�w�� ���M�0�'1 ��� "����1 �>'0��/	 �43(>� �-B @�E73$#$� @. . .�w�

@+#- I��M3�#8 �- !=1 �D0�L� @��� " ��/	 ��.���� ��'f(E
�- ��3$#$�  �	 ���"� + ='8��D4 Y�8#8 ;�8_" ��-3,�M Z[[ 

�8 Z`[�T�� V'M+" <�0+ #- �M �0+ �+#.�5��0 @#
  @�E
�-!=�B �0�=�+:

1) 6Fac+12Ms+19Ts = 5Fcel + 6Pg + 4Grs + 
5Alm + 6Qtz     2) 9Ts + 4Grs + 5Alm + 6Qtz = 
3Fac + 9Prp  3) 3Tr + 9Ms + 2Grs + 3Qtz = 9Cel + 
2Prp + 6CzO                         +12CzO                                                     
4) 2Tr + 2Prg + 2Pg + 6Ab = Ts + 5Gln + 2Grs                     
5) 3Tr + 3Ts + 6Prg + 18Ab = 12Gln +        6) 
27Tr + 30Pg + 10Grs + 20Alm = 12Fac +                                
4Pyp + 8Gr  30Ts + 15Gln                                                                        
8) 6Fac + 15Ms + 6Ab = 15Fcel + 6Pg           7) 
4Fac + 11Ms + 2Ab = 11Fcel + 2Pg + 3Alm + 4 
CzO   +5Alm + 6Qtz + 4Grs                                                                                                                                                                                                         

A3D�O�B o+3�+ @�+=
�J "#(,&  + !��O50+ �-]66[�� %�� 7+38
�,U#� ��/	 " ��� X
+#1�#M �-�
 �+ ��3$#$� *"� @.�3T"

��1�U �� �
%�i"��-A3D�O�B @�M �0+ 7B  + �M�U @=0 @�E
 + #5/�- @��� �� �,U#� �
+ ='
+#	;[[�T�� " �+#.�5��0 @

 + #8m�- ��/	ZH ��-3,�M G�3 �3�U �M ���U �� �=1�- �5	#$ 
�0+ @#5(M ��/	 " ��� =
3� ��f'
" .

!�+�  + !��O50+ �-���  + PH�U @�E���/	 #��� ���/	 �
��3$#$� @���)P-T (���1��?'� �-B @�E PR1 ��`

�0+ !=1 9�0#8.K'0 �� �
+� ��3$#$� #��� ='��(E @�E
 m�- ��/	 �- ��3$#$� ��3/'� ���
�J @��� 9�- @�E !�"%	+

 ���� #.
� \W�'�)]2�6_�6`[(���1 ��3$#$� #��� �-B @�E
7�?,0��-B�0+ !�3- �#$ �4�0 �.


�#	 � � �VW�� )��2  ��K1 
�- <�
#8 �� 7+#./E"SJ  + @��
  �+=:8 !=��4)]�;�;2�Z2[(

I�0+�"Q �
 ��
#
  �0�8#M )]Z6�Z;[(�� �5	�M ='
+#	
��1�UA�(1 @&#1 <3���&+ P�R/8 �- #>'� ��+"='$ �

��+#5
=� �8 7�(4 @�
��  + P��R8 �"+ �� �M =1 ��583e�
�0+ �51+� N#5�$ .!�"� �
+ �� ��'f(E !�#) 73�+#�J �E

!��&<3���&+ %�� @%M#� 7+#
+ @�0+ �5	#$ G�3H �
+  .@�
��-
<3���&+ �
+!��& !�#) ��3)#- PL� �� �E�- ��E�0=4 G�3H -

@�EK'0 " �5��3�	+7"  �- �5�-+" @�E ='��� V�+�"#	 @�E
!���)�m�- �� ��/	 ��3$#$� @�E �� !=
�=�31.

���  V�- �� �R��'p �T38 �- =1 �5O$ %�� ��?'� �0�'1
 ��
��(�13iQ ��J3R0"#R�� ��
+#LH o3'5� =E+31 �-

 ��� G�D0�L� �A�0 " ��/	 ��(>�"#8 �>'0����$ " �E�
���3D�O�Bc"d @3
��'0 ��E�503J �/�- " "�"#	 �03���&+ @

! +=$ P�R/8���O8 " �5�(>�"#8 �5�M+�B @����$ @�
��?'� �� �5��3D�O�B7�?,0 @����� �03e��J �W ��-B

 �0+ !=1 ��D'50+]�[[���1 �3T" �	#W  + @��4 �-B @�E
��?'� �
+ �3T" #.���- %�� ���30"m  + �+� l�5D�� V�+�"#	 @

�0+ �+"%D0 ��?'� �� .

8/�X:�+�3(� P-T-t  �	 "����1 ��3$#$� �-B @�E7�?,0 @ ��?'� ��-B G�D0�L� �- �T38 �- �M��� ���/	 �0+ !=1 9�0#8 .!���)� "#(,& �E
)GS : �%D0 ���1A:����3D�O�BE:�
Q3,M+(!���)�#
  ��E)PA :�,z�3J�
+ �3'�5M+ ����AEA :��D�B �G"=�J+ �����3D�O�B EBS : G"=�J+
���-B ���1 LBS :���30"m ��-B ���1 ("!#5�$@A3D�O�B o+3�+ @�+=
�J ]66[!=1 !�+� V
�(� PR1 ��+=�)Hb : �=',D��3EBar :

 ��
%�i"��-Act : ����3'�5M+Na-Am : �@=0 A3D�O�BWin :��f'
"(.30"m " �5�i�+Q ��M"#�J �3D� �- �T38 �-K'0 �� G"=�J+ �3�U " ��� -
���)� @�E!@��-B ���1 !#5�$@��� ���3$#$� A"+  �	 ��/	 )M1(��
�J �����)�#
  "#(,& �� " ��i�+Q �- ��D�B P
=D8 �'L'�  + #8!@

G"=�J+ ��0+ y&+" �-B ���1 .��3$#$� *"�  �	 %�Q+��J �� ��D�B �1�� @�E�3,- " �
%�i"��- �3T")M2(B #.���- �� ��3$#$�  �	 �
+ �M �0+ 7
���)�#
  X
+#1!��D�B �G"=�J+ ��0+ �5	#$ G�3H �
%�i"��- o3� A3D�O�B @�+=
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