
)����� �	�
��:��/�/����
��� ���� :��/�/��(

��������� ��	 ��
��� �������� ������ ��� �������� ��� �	 �	��� 
)"����#�$%� & �(

�	��� (� )�*�+,-��.�/0 �12��3-)�4� )��5� 02�6��7� )��5.�*� .�� -6-8�*� .�*� 9

�����  !"#$ �
"%& �'�() *��+ �,,(�+ ��- !�./�+� �0�'1 
2�!"#$/�+� ����  *3,4 ����5
+ �*� *3,4 !�. 

6����  !"#$ !�./�+� �0�'1� �+3) �)7+#�8 9,:� ��-#8(
;����  !"#$ 7+#�8 <�=� ��-#8 !�./�+� �0�'1 

:.�/; :�43(>�7�?,0 ��3$#$� @A�(1 �� ��-B���3�	+ C#1��+� 73(')� �+"%D0 @�E .���1 �43(>� �
+ �� G�3H �- �-B @�E
!%��B���  @�� �5)�0�'��  I
 !�#5�$ @�E�%�"#- @+�+� �5�'�5��J#0 @='5�E @+.�0�#-K'0 ��
+#LH @�E G�D0�L� " @��.�
 ����K'0 �
+ �M �+� 7�/� �>'0��/	 !=1 ��3$#$�  �	 "� N3�50� �E=�+ .A3D�O�B P��1 ��3$#$� A"+  �	 %�Q+��J I
=0

)�
� " 7�	3M3,$��R-(�
S'	 �G"=�J+ ���T @�E�5	�
����$ "!=1 PH�U V�+�"#	 " ��	=8 �W �M �0+ A"+ P�� @�E X
+#1 "
Y�8#8 �- 7B @��� " ��/	���8�;" ��-3,�M 6Z[ �8 ;2[�T�� �0+ !�3- �+#.�5��0 @.!�38 \
�%8 PH�U �M ��3$#$�  �	 ���"�-

�0]-"#�	�3J �3,D8 YD0 �0+ �5�(>�"#8 @�E� G"=�J+ " ����$ ���D�B �1�� @�EA3D�O�B �3,D8 %�� " *"� P� I��,M @�E �
A3D�O�B ^+#W+ �� I
=0�0+ !=1 I
=0 @�E .��/	 �,U#� �
+ �� ��3$#$� X
+#1;�8_@��� " ��-3,�M Z[[ �8 Z`[ �T�� 

�- �+#.�5��0�0+ !=�B �0� .�� #a'-!��& !�#) �- 7�5�-#4 �LOH ��3)#- =0� !��& !�#) �
+ �M#U " @%M#� 7+#
+ @�(0 �-
A�(1�b3U V�+�"#	 �- #>'� ��&#1c"d " �+"%D0 �03���&+ @!�38 P�R/8 %�� " �/�- !=1 ����� �03e��J �� �5�(>�"#8 @�E
=1�- .!�38 �
+ \
�%8 �>�5� �� ��'f(E���1 ��E9�- @�E�3/'� �� �3T3� �-B @�E!=1 �5/$#- ��3$#$� N3�50� �!�"%	+=�+.

:=#��.��� ���:���1 �-B g7�?,0 ��3$#$� �43(>� ��-Bg���3�	+ �+"%D0 @�Eg7+#
+ C#1 A�(1 .

��.>� 
�
#8��R1B  + �R
h)�17"  @�E �I�i" "#��	 V�+�"#	 @�E

���17B �� �-B @�E7B P�R/8 " �0�E A�(4+ *%,5�� �E
!��& �503J ����b  + V�- �M �0+ �
�E��/	 ��3(:� @+ 

��=1�-]��2[.K'0 �
+E" *+�B <3���&+ ^+#W+ �� lm3(:� �
!=E�/� P-�& n�B o3� �
+%E3M @�E�+3�=�+ .

�$�%�"#�-!���)��E@�3$#$� �m�- ��/	 �" ��i�J @��� 
!=1 N�+%$ �?�� �
='p  + q,5�� ��'0 �- 7+#
+ �� X035�-

 + ='8��D4 �M =�+ :���1 " �
Q3,M+��?'� �-B @�E7�5��0 @

7+#
+ C#1 ")]6�r[(���1 ���U�� �-B @�E�+"%D0 @)]_�
�[[(���1 ��T�U �-B @�E ��-B)]����6[(���1 ��-B @�E

 7+#R� !�"=L�)]6[(�
Q3,M+ ��#M#�1 @�E)]�;[(���1 �-
�43(>� �-B @�E @%M#� 7+#
+ �� s���+ ��3$#$� @

)]�Z��r[(�
Q3,M+ "7+#
+ A�(1 �� ���=��1 @�E)]�_[.(
����� �
+ ��K'0 ��
+#LH =E+31 <�0+ #- Y�M#8 �@��.�

���M��� G�D0�L� " �0�'1���3$#$� @�E �	 t
#/8 �- ��/	 
���1 #- !=1 A�(4+��?'� �-B @�E ���  X�L� #��O8 "

7B P�R/8 �5)�0�0+ !=1 *+=&+ �E.

∗�O,8 �A3e�� !='�
3� :[2`�`6_�6rZ#-�(� �:[2`��6_`[[;[�R��"#5R�+ ��J �:Mohsennasrabady@hotmail.com 

A�095��-u��(1 ������-��vLOH  + ���w �8���



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

��� � ?�� 
N"��0�#-��3(� P��1 +�#-�@0�(5��8I�='(	=E " +

73(')�@�E ���1�-B @�E���8 �@s �� yW��� ��3(�  + �E�
�0�#- \�&� @�EK'0@��.� "�
%>8 N +�#J%
��?��+� @"@
r[[  + �?�� ���M 73$��3$ @�E���1�-B @�E !�./�+� �� 

.8351+ G��)7�(�B(*� ")����5
+ (�0+ .!=� +�#J%
� !�.50� @
o3�  + G��.8351+ !�./�+�Cameca SX100  !�./�+� "

o3�  + *� @+%'�z0mCameca SX50 �0+ .%����B A3W ��
c�51 Q�5�" ��1 +�#J%
�!='E�!�.50� "� #E @15 KV  �

7�
#T G=115 nA�0+ !�3- ����{ �0 N��(1 7��  ".
�� ��D0�L@�5)�0 A3�#	 ����M @*#�  + �EI��M �+%	+��� 

)Calc Min(- "��3a'���"+#- X
+#1 ���PU+#� ��/	 "
*#�  + ��3$#$� q,5���+%	+ " I��M3�#8�RD1I�5�Q"#5J @�E 

=1 !��O50+�0+ !.

)��2 ������>��� 
��3� ��?'��0�#-A�(1 �� 7�0+#) 7�50+ �� �7+#
+ C#1
&+" @3b�y0+ !=1 �.�43(>� ��3$#$� @7�?,0 ��-B �-

 yO8#� �	+#$3J38 ��A�(1 �+"%D0 C#1�- �5�-+" "='-#(M 
�5��3�	+ �+"%D0 A�(1 73(')�=��+� )PR1�q�+.(P�$ @�E

 ��"�� " �����)#
3M |�%- P�$ (�-c3'T " A�(1  + Y�8#8
�� ��?'� �
+=��}$ .�0�#- #-�'-@�E ]2[[��?'� �
+ 7"  �-

 ��" ��0+ �5�-+" @%M#� 7+#
+]2�[�/�� �� ���  @�5)�0
 ������"�)��?'��0+ !�#M+=T @%M#� 7+#
+  + +� �+"%D0 @.��

9���8 @='-]22[��?'��0�#- ��3� @�+"%D0 7"  �- �M
!#5�$ �� ��0+ ^"#:� A�(1  + " ��5	#$ �+#& @%M#� 7+#
+ @

!3M �-" �3��'�- "  #D�+ @�E�� �"=L� G3� s3,- �- c3'T  + -
�31 .

�43(>� ��3$#$� @7�?,0 ��-B I
��- �+3� I
 �- c3'T ��
!%��B  +K'0 " �5��3�	+ @���/O/8B @�E��0�8#M �-30� 

K'0 " +#�3,.'M �- A�(1 �� " �0"#-"� �
m�- ���/O/8B @�E
�0+ �+3>(E �03i+ .�,�0" �- �43(>� �
+ C#1 " c#~ @

!�38�E�� �"=L� ��'�5��J#0 |�%- @�31)PR1�c(.��
P�$ �-3'T  #��
"+  �- <3R:� %�� Y�1 @�E @���8��

�� !=
� c3'T �- "� �T�� @+#�3,.'M �- ���(1  #� �� " �31
!=4�&K'0 " @+ Y�1 �- �03i+ ���/O/8B @�Ew��- "� �T�� 

�0+  #� 9E A�(1 .K'0 ��3(4 =�"� " ��3$#$� @�E
/8BA�(1 �7B A�(1 �� y&+" ���/O�-#~ �c3'T " �&#1

7B Y�1A�(1 �(0 �- �E �0+ �&#1]����.[

�43(>�7�?,0 ��3$#$� @K'0 P��1 ��-B!���)� @�E @
�-B ���1 �%D0 ���1����$ "�=',D��3E
���/	 X
+#1 �- 

!���)� @��� "�
Q3,M+ @)�(���38"#J " �0+7B#5/�- �E

 �-IE�$ ��,J�5��8�'-#M "=�+]���[[.�� #5/�- %D0 ���1

c3'T7�?,0 �&#1 ��-B)PR1�c("����$ �=',D��3E
�"
c3'T " c#~ �� ��'$7�?,0 �-#~=��+� N#5�$ ��-B )PR1

��.(- %�� �-B ���1 ���?'� #0�8#0 �� !='M+#J G�3H
��+� �%�"#- .c3'T ��3$#$� �+3� @��5�+ ��7�?,0 �-#~B��-

)c�13) c3'T (IEB���3�3� @�E Y�1#$� G�3H �- �+�
���1 @"��5	#$ �+#& �-B @�E=�+ )PR12c("@"�U 

!�#)��(>�"#8  + @�+"B @�EK'0 " �E��?'� ��3$#$� @�E -
=�+]���[[.IEB �
+ @#�$�+#&�43(>� @"� �E  + ��3$#$� @

���  @�E�+=)� �0�0+ G�R�� " !�3- ��?'� �0�'1 7�
�J =
3
�0+ ����� �03i+  + V�J ��3$#$� ='
+#	.

!�38 \
�%8 �#.
� @�"B��
 7�
�1 G�R�  + �5�(>�"#8 @�E
7�?,0 ��3$#$� �43(>� 7"�� �- �5�M+�B �0+ ��-B)PR12

c.(!�38 �- G�"�>� �� " ��3$#$� �+3� �-#~ @��5�+ �� @�E
s3,- ���3$#$� �43(>� �
+ �-#~ V�- �5�(>�"#8E@�

����$ �=',D��3E
5��5	�
 73(')� =�+ .���M �
+ �0�'1
s3,- *3�'��3�B  + �'~ A3D�O�B P��1 �E)" ���.'�50�E

��M��#p(P�8"� �G"=�J+ �7=��(�B  + �'~ ����$ �±@�R�� 
=�O0±%8�+3M ±�0+ ��D�B . + ��:- 7+#./E"SJ  + �,(T

]26�2;[@Q3�35�� ��3.'
+ 3D�O�B  + �'~ @�E A)��M"#�J �
 (
��50� +�  ]M3
Q]J  + @��4 �
 #��	 " ����$ " + PH�U @�E

c"d
 �-�5� �/�-��5	#$ #a� �� !�#M 7�/�#W�) "�� �M =�+
��+3�@�43(>� ��3$ �
+ @+�+� A3D�O�B  + �'~ @�E!�.50�) 

 �	 P��M V
+=T *=4 #{+ �� +#
  ='5�E @3��{c+}�  + 
M"#�J  + �'~ ��50� ��- V'M+" ���c+}� G�3H ��50� "

����M"#�J " �#�$ �E�-�� �
%.
�T @3��{ A3D�O�B =�31 .
" ��/	 X
+#1@����,U#� @��3$#$� �"+ ����$ �

=',D��3E
��E) + #5/�- @���rZ[�T�� ��/	 " �+#.�5��0 @
 + #8m�-�Z��-3,�M (�'L'�  + #8+#	��(>�+ �+=-B ��+ �- " !�3-

-�- �0+ �,U#� �
+ �� �/�- c"d ='
+#	 #.����M @�3W��-
*303M3� 7+38 �- \	3� �M +� ��D�B " %8�+3M  + PR/5� �
�E

!=/� ��50�  �	  + V
+=T�#M �
�0�'1 =�+ .�
��(�1 Y�M#8
*303M3�!�38 �-�/� ����- �E " !�3- �+3>(E �5�(>�"#8 @�E

�$S
"(�13iQ @�EPM K'0 �
������$ –=',D��3E
��E%��
 =
3�!�.50�)���O8 7B @+�0+ �E.!�38 P�R/8 �0 !"]:-@�E



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

8/�,q�+��/��@���  !��0 �0�'1�43(>� " �+"%D0 A�(1 �5��3�	+ �+3�  + !=17�?,0 ��3$#$� @A�(1 �� �M ��-B ��+� �+#& �+"%D0 �&#1
)+ G+#���8 �-  ]�`[.(c��/��@���  !��0 �0�'1c3'T ��3$#$� �+3�  + !=17�?,0 �&#1 ��-B) + G+#���8 �-]��[.���/�� @���  �0�'1

 !��0c3'T " c#~ ��3$#$� �+3�  + !=17�?,0 �-#~��-B .��3(� PL����1 @�+�#-@�E�/�� �
+ @"� �-B �0+ !=1 h�/� �E.

q�+

c

�



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

 

8/�3q�+�c30� IEB @�+}$���3�3� @�E�- �+����1 @"� Y�1#$� G�3Hc3'T �-B @�Ec�13) �-#~ .c�!�38 ='��� P�0 \
�%8 @�E
�43(>� 7"�� �- �5�(>�"#8���E P�R/8 �- �M ��3$#$� @��3$#$� @�"=L��0+ !+#(E %�� .���,�0" �- �M �-B ���1 ���3�  !�38 @@

�"#8�0+ !=1 �5	#$ #- �� �5�(>.

��?'� �5�(>�"#8)A�0 9��+�"+ �>'0 ��M#
  c#0 (7��%(E
�,U#� �- ��3$#$� �"+ @)A�0 9��+�"+ �>'0��M#
  c#0 

����$ *303M3� �� �3xL� ��
=',D��3E�E(�"=U �� " !�3-
Z_ �8 r�V�J A�0 73�,�� )����� �03e��J (�0+]�[[.

A3D�O�B ��+"+#	���M #.
� "��+=-B @�E�#W@�El]��M 
�3)PR1����$ ��?'� "7B �� 9
%�'� #x'4 ���03� @='-�

!�38 " *303M3� �
��(�13iQ Y�M#8��5�(>�"#8 @�E�3D� 7
�$� @�E��5)�0 �3T" " ��M"#�J3'�,M "  ]M3
Q]J @+)='���

�$���5���$ @�E (s3,- �� ����$ @�E��
=',D��3E ��?'� 
�-�,U#� �M �0+ 7B #.��@ + o�D1+ X
+#1 �� ��3$#$� �"+ 

c"d ='
+#	 �- #>'� X
+#1 �
+ " �5	#$ G�3H cB !=1 �/�-
�0+ .lm3(:� " ��/	 X
+#1 �� @���c"d �
 �-�5� �/�- ��E

q�+

c

�



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

V
+%	+ "  ]M3
Q]J @�+=
�J 7+=�� VE�M �4�- cB �3T"
 A3D�O�B @�+=
�J 7+=��!=1 ])2Z�2r[(�- "#.
� G��D4 

��+"  ]M3
Q]J " �51+� �M#1 ��50�  �	 P�R/8 �� A3D�O�B
  �	! +=$ ���31.

�
+#LH =E+31 �- �T38 �-)A�(1 =�"� �-#~ �c3'T �&#1
A�(1 �- "� Y�1 "�
m �3T" ��- @�+3>(E ��
�($�� @='-

��'�5��J#0���1 " �E �'.(E�� ��-3'T  #� �� �-B @�E
0�L� ��D�M#8��� G�D ���/	 )��/	�[@��� " ��-3,�M Z[[ 

�+#.�5��0 �T��(!�+� �PM K'0 �
��(�1 Y�M#8 �A�0 @�E-
�D�� " �>'0��'$ ��M#
  9�'	�E �J38"%
+ @�E @�E

��?'�7�?,0 @���D��  + �/�- ��-B�503J @�03���&+ @
7B ���38"#J �M ='5�E!=�#�$#-�� �E @ �- @�($�� @)V�-

�
"#-�$�503J �03���&+ @(V
+=T �8)���+#$3
Q]J (�5/J @
!��& !�#) A�(1 �- "� �M#U �>�5� �� " !�3- �03���&+ 7��� -

7��  �� V�+�"#	 7"  ��3$#$� N3�50� @%M#� 7+#
+ @
!=1 �
m�- �03i+ =�+]�[[.

�0# *@ A�#�� 
7�?,0 ��3$#$� �43(>��- ��-B �- ��3$#$� �+3� I
 G�3H

 A3W2Z�#4 " #5�3,�M2�8Z���(1 V�- �� #5�3,�M 
���3�	+A�(1 @�E��+� 73(')� �+"%D0 C#1 .�
+ P)+� ��
�43(>� @!�38 ='p ��3$#$� Y�M#8 �- @=�i35��+#$ Ip3M @

�� !=
� ��(>�"#8 l�D��~�- �M =�31��0 G�3H I��35R8 "
�&�" @+K'0 ��3(4 =�"� @�50+� �� ��?'� 73$#$� @�E 
�%8!=1 \
 =�+)PR12c.(!�38 ��-  #�K'0 " �E @�E

 73$#$� ^+#W+ P�R/8 �- #>'� " !�3- @��4 \W�'� ��:- ��
���E#�M+=U ����b �- ��3$#$� @��!=1 #5� )PR12c("

�- �0+ �5)�0 ���  %�� ��+3� ��:- ��!�38 �M @�3W @�E
5)�0 �5�(>�"#8���� 7�/� �5��3,�� @�E='E� .3(>� ���4@
7�?,0 ��3$#$�K'0 ��-B!���)� @�E���1 @@+�+� �-B 

<3�50� �M 7B �%�"#- �
#5�- " !�3- y�0" l�5D�� @�E�%�"#-
�� !=
� ��-B=�0 c3'T �� �!=1 !=�"#�J ��3$#$� �
#5(M -

�31 .7�'p 7B  + �M�U �J3R0"#R�� =E+31 =
� 9�E+3) �M
K'0 #5/�- �M �0+!���)� @�E���1 @%D0 ���?'� 

���1!�3- �-B @�E ��3$#$� %D0 ���1 =U �8 �M =�+
!�#M +=�J �5/$#-=�+ .��3$#$� @�E=U+" ��?'� �
+ ��)�-

���1 �3x)�-B @�E(�- �����.� G�3H " |�%- @�E
�'��  �- �Ip3M!=1 �5	#$ #- �� �5�'�5��J#0 @+ ��'f(E =�+

���1  + �8�:?&�� +� �-B @�E�- 7+38 G�3H*3D�"#- @�E
���8��(>�"#8 �� #5� !� �
='p =U �8 @+ �	�
 �E)PR12
�.(���1 #5/�- " !�3- #�$+#	 �5
 35��1 @+�+� �-B @�E 

!��3) ��p =�+)PR16q�+.(��3(�  + ��:- �� �'.(E�� %�� �E
�- �D�M#8�
m  + �-"�'8 G�3H A3D�O�B ����,M  + �'~ @�E

�� !=
� G"=�J+ " @=01���/O/8B !�.50�) #.���- �M �3 �
7B �-30� �0�E)PR16c.(�,49�- 9~��5�
� ���U " �$

!%��BK'0 @+ ���?'� 73$#$� @�E$�+3$#-�@�E=U+" ��3(4 
A�(1 �(0 �- 73$#$��-#~�c3'T ^#?- ='8 Y�1 �- �&#1

A�(1�5	#$ �+#& C#1=�+ .

8/�6q�+��
3��{ Q+3�,M )S2 (��3(� �� �/��3'
#M o3��-B ���1 �50� @�E .c��
m G�'-#M  + �-"�'8 �- ���"+ �D�M#8 @='-)�1"� @�E�+3�(�
G"=�J+)%D0 @�E�+3� (I
=0 A3D�O�B ")!#�8 �-B @�E�+3� (��3(� �����1 @�E�-B .

q�+ c



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

���B� C�� 
K'0 �,M Y�M#8 ����38"#J �'.(E�� �
 �'.(E �- �T38 �-

)@=�0+@ �- �
(�5/$#- ��3$#$� @ �T�� ��,R1#$� G=1 �
�,H�	 %�� "!�38  + �-B ���1 @��+"+#	 o3'8 ��5�(>�"#8 @�E

���M Y�M#8 ��	�- ���� !=
� @�3� " �0�'1�31 .
���M �s �� y?�� ��K'0 @�E A3D�O�B  + ='8��D4  �0

 @=0)7�	3M3,$ ��
� ��R-(��
#,M �����$ �G"=�J+ ��
S'	 �
���M %�� �(M #
���� " %8�+3M ���D�B ���'(,
+ #�a� �4#	 @�E

3�- ��O0+" ��8 =��+� �3T" ��8�JB .��3(� �� @+�+� @�E
 ��+"+#	  + G"=�J+ " ��D�B �@=0 A3D�O�B �I�	�� ���38"#J

 =��+��3)#- @#5/�-)PR1;q�+.(��3(�  + ��:- �� A3D�O�B �E
 + V�- @=0�[�� +� K'0 9>U =H�� �- � �0 �M @�3W

��7B 7+38=���� ����	3M3,$ +� �E .��3(� ���+� @�E @+
7+"+#	 %8�+3M " �
S'	 �@=�0+ ���38"#J���M �
#8 K'0 @�E

�� P�R/8 +� ='E�)PR1;c.(

8/�9q�+����1 ��0+ h�/�� G"=�J+ " ��D�B �A3D�O�B @#5/�- #
���� �51+� �- @ �- ���38"#J @+�+� �-B .c�����1 @+�+� ��-B @��E
�+� I��,	 ���38"#J=�%8�+3M " �
S'	 @��
  #
���� @+ .PR1 A�U �� *"� �5
 35��1 ��3(� �
+ ���0+ @#�$ .��A"+ P�� ����$ )Grt I ( ��M

���  �- 7��%(E �
 PD& 7B �3,D8�0+ �
#,M �- �
%>8 A�U �� " �5)�0 .G�����$ *"� P�� %
� @�E)Grt II(��- ��M �#�) ��- !=�'M+#J G�3�H
���M #.
� @�E)D�O�B�
S'	 " G"=�J+ �A3 (7B @"� "�- �E!=�B �3T"=�+ .���0]-"#�	�3J �3,D8A�)�+ P��1 �M ��D�B �1�� @�E���M  + �
�E-

='5�E �'��  @�E .��A3D�O�B @�E�3,- ��?'� @+�+� @='-)%D0 ��1�U " �-B �5�E (�- �5/$#- ��3$#$� �W !=�B �3T" =�+)�3� �� #
"�x8 �(E
�5	#$ �:�DW!=1 =�+.(

D#E

F G

H I



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

�
m P��1 s �� y?�� �� K'0 ���"+ �D�M#8 @='-
 �E�$ �M �0+ G�'-#M " G"=�J+ �A3D�O�B  + �'~ @�E�+3�

��p!�#/	 �$��3)�� 7�/� %�� +� @+='E� . + ��:- ��
��3(��� !=
� �/��3'
#M o3�  + �
3��{ Q+3�,M %�� �E �31

)PR1;c.(��3(� ����,	 ���38"#J �- @�E @=0 A3D�O�B �I
K'0 �� ��+ �0+ VO'- �- P
�(5� �-B �.��='p @+�+� �- @�E

�,J @ �- ���38"#J�� 7�/� K�#(M �-B 9��i"#M='E� .* m
�- �3R0"#R�� #
  �� h��) 7�	3M3,$ �M �0+ #Md �- K��

�,J I
=0 A3D�O�B #$+ " �0+�-B 9��i"#M =E� 7�/� K��

���� @"�U �M �0+ �':� �
=-�aU]� P-�& #�,R/5� @+

�
� �0+ ��0"#M " ��R-]2_.[��3(� #�M+ �� A3D�O�B ��E
 �� �R'
+ #- !"]4$�+3$#- K'0��� ��>
+ YT3� �R,- ='M

X) ��>
+$�+"��� %�� �31 .
�0�#- K'0 @�E P�� "� �M �0+ 7B  + �M�U @��.�

���1 �� ����$�0+ �3T3� �-B @�E .�$ P�� ���"+ �- ���
�0]-"#�	�3J G�3H �- 7��%(E �
 PD& @�E���  !=
� �5)�0

���- �E�$ �M �31�,�03- �,M �
 �/�- G�3H " �
#,M @
�0+ !=1 ��/��T G"=�J+)PR1 ;�.(����$ ^]) #- @�E

����$ �A"+ P����3(�  + ��:- �� �3T3� @�E �-B ���1 @�E
)����$*"� P�� (���   + �J o3�  +��E " !�3- �5)�0 ��3$

�
%>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.



��:� ��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# �� �� �� �� �� �� �� �� �� �� �� �� �� 
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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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+%	+ "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# 
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 �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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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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Sample 378b)I�	��(
mineral �
S'	 G"=�J+ 
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Al2O3 �/�� ��/�� ��/�� ��/�� ��/�� ��/�� 
FeOt �/� ��/� ��/� ��/�w ��/�� �/�
MnO ��/� ��/� �w/� ��/� ��/� ��/�

MgO ��/� ��/w ��/w ��/� ��/� ��/�

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

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

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