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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 ���: �
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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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4����X =�� ,�*� +� �(6.

� "6�? ���A),�? D"&A �,: �("7�
 $�� �+ ���A �
+ $����@3	�� 
�!+ �(# (;�< & ! �BQ �K�� 5�6 �� p%�L� 5+�%# .�
� ��

 5�! 1�� DV+(= �J�V �%<!��< �Z�b� �Q%� �#%��V �
�� ��+� � �*= Y+% &A ��Q�%# .��@l CJ �%@� �� ���@A �
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� 1�� >T� �� _P%>l� � �%#�'% �3@!� � C@# �
�@6
�3	�� D)# $("��� �3-� ��% ?�? ��3V�! ,: �7 �A (�+�%# .

~�P%!+����( 6 ���A �%@� ��XPL _R��@A ��/���@>6 � ��%@7 
��4
�5�6 �%� �� � ��+� +� ����� PPL �%�K B � � ��%7 �� = 5+

 �7 �+��(�:5�6 5��
� �(# D )*=�!+ .��4
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�@>3� 
�� ���A �
+ �A �!+ �
+ ��+� ����� �7 �C��7�7 ;�%. D<@#

 �%� �� � �!+ �("A+�? 1"! �3� ��PPL ��%@C� �7�G ,: 1�� 
�%�K �+ �,�!%� �� �� = �= �#�� 5+ �!+ ]�[.
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�&A ��@ �%��= � �RA%@
YR? n�V �7 �" *��Q � &=%�� 
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B "� �+�)D<#��(�
%��G ��A�� ?%" &A �)D<#�;(�7

n�V �&N�� �A � ��+ ��A�� ?%" &A ,(# �3
4���� �3	�* ? 5
�� ,�*� +� �3�
+(6�.

~� �@ �%3<? ��@ C�: �@7 �+�>6 _P%>l� �" *��Q � &=%�� ���A 
�� �(
� �P%!+�� � � "6�? �7 �+�>6 B � � �P%!+����( 6 �%#

]�[�7 �%<!��< � �
� �� �( -@! 1�� �7 ��-# �> � ;�%.
 5�3�A�V �= ��� 1@�� �7 1�� MA �=�%. � �7: �7 D
�� 5�@6

�� �(
� �(
�? �%# 
~��A�� ?%" &A ��!��7 ��%� {J��� �� ;�%@. �@7 �
%��G 5�6

�� = �@ &=%�� �� � z��@� 5�6 �@�� 5�@6 �(6�*@� D@7�K 5+ (@�+ .
��A�� ?%" &A 0 <-= �!��7 �� �
%��G � � ��+ 5�6 1"! 5�6-

A�� ?%" &A ��A �!+ ��%� �
+ �!�"#��� �@=B
� �@
%��G 5�@6 
M��! ��A�� ?%" &A �A ���N �� �(��= ;�@� � �#�� �� ��+ 5�6

 �7 � ��%7 �� = � M6 �+ +(Q ;�%. �@�Q �� URL�+ 5�6)xxZ (
("3�6]�[.
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 �� ;�(@ ?+ �@7 �RA%p:D
(@C=
 �(# �3
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 �� � "6�? �7 �RA%
YR?�:$%
B "� �
�&A �7 ��A�� ? D
(C= �(# �3
4���� 5��7�� 0
 �� �+�;:��A�� ? D
(C=-

��A�� ? �7 � ��+ 5�6 �(# �3
4���� 5��7�� 0
 �� �
%��G 5�6�:��� � &=%��� 5+ �(@# �@3
4���� 5��7�@� 0
 �n:�@�� �@ "6�? 0@
 �� 5+
 �(# �3
4���� 5��7���:��� � �%3<? �(# �3
4���� 5��7�� 0
 �� 5+�:�(@# �@3
4���� �@ �%C -�: 0@
 �� �@ "6�? �@7 �RA%@
YR? D
(C=.

)��A�� ?%" &A Cpx =�RA%
YR? �Pl = � &=%�� �Xo = � "6�? �Prh =  ;�( ?+ �=Ep(

26µm
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DC

Xo

26µm

Cpx

D

26µm

32µm

F

Xo 

Prh

32µm

E

G� @

J 5

N

O

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                             7 / 12

https://ijcm.ir/article-1-432-fa.html


��3NR	 �5�%L� �5( l! �����& &V �,� 8�7+�= �,+�
+ �!�"# ���a � �!�"#�%&7 �&T� ��g

v~� &=%�� )D<@#��(�@ "6�? �)D<@#�n(�@ �%3<? � �
)D<#��(���� �@
4���� ��V �A 5+ �@� 0@ ��"
� 5�@6-

("#�7]v[.
~� �%3<? ���A )�Y+� �+ ���A �
+ $�� ���*	 �"l� �7 ����%
 5+

 �@!+ �(@# �@3	�� ����@A 5�%@&7 D<@# �7 ���#+ ��(�%@� �� �
�7 ��l CJ �)#�� ��( C2K �%� �� � 1�� (
(# _�3C�� �3)1��

 $%! 5�! 5�6 (��+� .�!+ D��A �� ��Q �� � �%3<? ��4
�
 �� �
+ �A �l2K �6 �@
+ �� +� 5B@ = �� �@7 D<@# ���%@! 5�6

 �� �%Q� �7 ���A (@���:]�[.���@A 0@
 �@7 ���@A �@
+ _+�6�@�
 � @]��� D<@# �@� �N �� �@A �3* 7 �/3�Q�7 �7 ��/���>6

 �@� �(@
� U��l= �� �!+ � �%3<? �%@# .�@7 �RA%@
YR? �@3K�
���A M �&A 5�6 �� D
(C= �+� ���A �%ON ��%# M
(@! 5�@6 �+�

 �� �y� �7 ��2"�(!� .�(6�*� ��@3 C�: D@A�� �7 �RA%
YR? 5
�@J �RA%@
YR? �
�%@&7 ��3V�@! �+ �@ C�: ,(# �+�: �7 �& ��

 �� � �!+ ,(# �3
4���� ("
+�	 M
(@! ��A �	�� �T 3� ,+%=
 �(# �+�: �� �RA%
YR? �+ � �%# ��+� � �%3<? ��3V�! �� (�+%=

���� (6� D <*= +� �3 �%3<? 5�6]w[.��%>� �� � �%3<? 5�6
 �7 ��?%<!��A���#�C�+ ;�%. �3@#� m@
�� �'�l# 5�6 �@
 5+

�* # 5RQ �7 ���*	 � 5�+%��� �(
� �>*
�7+ �= 5+�%#.
�"7�7�!��7 5�6 �(@# $�@T�+ �� 5�@6B�Y+��? �� �@
 0@
+� 5�@6

 � �% 	+ �(# �3
4���� _+(
(# �8��7�� 4�R� � 8�@� U�>@# �@7 
�� �(
� �
� q =�=�%#:

~� "6�? ~��A�� ?%" &A ~+� �%" 3A 
~��A�� ?%" &A ~�P%!����( 6 ~�
�&A 
~�P%!����( 6 ~( �?%
� 

E����F����� ��� �������� ��� ���������� ��# 
��2"� �� 0
+� �7 ��R' ��!��7 ��%� 5�3
4���� �8��7�� 5�6

 0
+� ��(# �(@
� B@ � �(@# �@3
4���� �(# � ��3 �%C -�: 5�6
��(�%# .0
+� �@	�7 ,�%@7 +�+� �@&' �7 �(# �3 �%C -�: 5�6

 0
+� �+ �3>A MA+�3� ,(@# �@3
4���� � GH= �L= �8��7�� 5�6
 �3	�� �+�K (�+]v[.1"! �
+ �� ���A ��65�6 ��C
��= �A U%C -�: 

�x ��+� D <*= +� 1"! (.�� �(��� �K�7 M��! 5��(N �= �(�+-
�(@# D
(C= �
�&A �7 5B ��� �+(�� �7 � (�+ (@�+ .�� �%@' ��

 ���A �+ 5�=��
� (. �(@# D
(C= � "6�? �7 �RA%
YR? 5�6 (@�+
)D<#��.(1"@! �
+ �� �(# �(6�*� �&.+ �	�7 �@	�7 ��@6

 0 3!R7%�+��)�7���@A �%O@N �&' �+ D@.�N �" *@��Q 5�@6

 �3�
+ ,(# �3
4���� ("
+�	 (0 3!R7%=�>� �)�7�%O@N D@ ��
,+�+�	 U%C -�:(�+ .( 

�(�� ���P 
�����Q &�	� �%���2	 R�	 4 

�7 �8� > @# q@ A�= � 5��3V�@! U%@��	 ,(@# �@#�� �%y"�
��A�� ?%" &A �@
4���� �� �%@Q%� �
%��G 5�6 �@�2"� 5�@6 5

�%� ��!��7 �o�@��>� B@
� �@!��7 ��%� ����A �
+ �+ ��%>� 5+
("3	�� �+�K .U�(Q �� B ���: �+ D.�N �
�3� 5�@6)Z�b(����:

�(#(�+ .��+� �7 �Q%= �7 ���@A 5��3V�! U%��	 �B ���: 5�6 5�@6
 }�!+ �7 ��A�� ?%" &A��!+ �
� ;�%. �7 � ,4 �A+ .

(Ca0.647-0.866Na0.008-0.086K0.001-0.003)(Mg0.795-

0.95Fe2+
0.174-0.219Al0.071-0.95Mn0.002Ti0-0.002)(Si2Al0.061-

0.084)O6

�+�%@>� �+ ���-3@!+Wo – En – Fs �(@"6� ,�*@� �q@ A�= 5
��@A�� ?%" &A 5+�7 �
Y�+ � ( �?%
� �� �%@Q%� �@
%��G 5�@6

 �!+ � 8�� � �% 	+ 5�6 �
4����)D<#�] (v.[

$��# % R�	 4 
(
+ U%��	 � "6�? 0
 U: �(OH)2Ca2Al[AlSi3O10]�!+ .

�" *��Q �U%��	 �
+ ��Fe3+5�Q �7 Al �� �(
� �%#]Zx.[
���A 5��� �� � "6�? 5�6�xx �= ��x �Q�� �3��@! 5��+�@�

 �@� �@!� �+ +� �%V 5��3V�! p: ���@� �B@Q �
+�7�@"7 (@"6�
� �%8� ��� �6 �>� 5("7 C# 5�6�� �A ,: D �� �7 ��� (�%# � 

 ,: �7 �(��+� � �%8� �7� �%8� �R2.+ �6 � @]��� 5�6fsR@J+ 
���%# .�@!+ �@7 ��@A�� ? �C# 0
 �A B � � �%3<? �7 �3C�+

�� �+�K �
�!�"# ��%� $�� � >6�� �.
�7 �? �%y"� � "6�? �8� > # q A�= �7 ,��7 �%@Q%� 5�@6

 �+(l= ���2"� ��o@!��7 ��%@� � p�@�3�+ ���@A �
+ �+ ��%>� �
("3	�� �+�K)U�(Qv.(��+� �@7 �@Q%= �@7 U%@��	 �B ��@�: 5�@6

 }�!+ �7 �
+ ���A 5��3V�!ZZ�@7 � ,4 �A+ �@7 �@
� ;�%@.
(�: �!� .

(Ca2.143-2.370K0.034-0.055Na0-0.85)(Al0.587-

0.828)(AlSi3O10)(OH)2
Ca2.208-2.516Mg0-0.048K0-0.016)(Al0.535-0.704Fe0-

0.028)(AlSi3O10)(OH)2

U%��	 �7 �Q%= �7 �@ "6�? ��(@�: �@!� �7 5��3V�! 5�6 5�@6
��� �@>� ,�*@� 5��@
� ;��-= q A�= ��L� �+ �" *��Q � 5+-
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�7 �P%!+����( 6 5��3V�! ;�%@.Ca3Al2Si2O8(SiO4)1_m

(OH)4m�� (#�7 .�U%��	 �
+ ��m� 7 x�=Z�� �  �= ("a.
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5�@! ���
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("3	�� �+�K ��+��?.���@A �@
+ B ��@�: �+ D@.�N �
�@3� �� �@6
U�(Q 5�6)o��(�(# ����:(�+ .

��+� �7 �Q%= �7 �
+ 5��3V�! U%��	 ���+��? B
� 5�6 ���@A �@6
 }�!+ �7bo�7 � ,4 �A+ �!+ �(# �C!�L� �
� ;�%. .

Ca6.421-7.12 Mg0.12-0.036Ti0.005-0.037 Fe0.010-0.015 Mn 0-

0.003)(Al4)(Si 4.922-5.510Al0.35-0.669)O24

�7 ��A �!+ 5��:��
 �7 $�P �� p: �+(@�� �C@!�L� $(@' D ��
 �!��7EDS ( 6 � �P%!+�� � �*= ����>�B
� ��P%@!+����

 ��%>� �� �/
(<
 �+ �7 ��%C� ��(�� �!��7 ��%� 5�6 D �� � >6
 ����� q A�= �� ��
� M �&A ,�%7 +�+� �7 �Q%= �7 ��2"� 5�6-

(#�7 ���A �� �
+ �+ X
 �6 (�+%=]v.[

=7�S$+���
�Wo-En- Fs]Zx.[

'���K%&L� �8��3�+ 5�O'+ (.�� �C!�L� ����� 5�6 ���A �� (��Q 5�6 U.
Py �xw/x ooZ/x Z��/x

Alm Zov/x bx�/x bZx/x
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Diopside Hedenbergite

En Fs

Wo

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                             9 / 12

https://ijcm.ir/article-1-432-fa.html


��3NR	 �5�%L� �5( l! �����& &V �,� 8�7+�= �,+�
+ �!�"# ���a � �!�"#�%&7 �&T� ���

$�24��; R�	 4 
U%@��	 �@7 � &=%�� ���ACa6Si6O17(OH)2���@A �B@Q 5�@6

 �� ��># �7 M �&A ;�< & !��( 6(
: .���A �+ ��+%��V �
+ 5�6
�� ,+%= ��@A ���@#+ �@ ���
Y � � �Y ��
�%��7%= �� &=%�� �7 .

��
��� �@� ,�*� �
�%��7%= � � &=%�� D <*= �
+�# 5(@6�
 � 8�? $% " �%�: ,+B � � �=P�7 5��� �� � &=%�� ��A �C�� 5�=

 �� D<# �
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�%��7%= �7 5��
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�7 �? �%y"� � &=%�� �8� > # q A�= �7 ,��7 �%@Q%� 5�@6
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(Ca5.81-6.102Na0-0.21Mg0-0.005K0-0.003Mn0-0.002Fe2+

0-

0.002)(Si6.079-6.102Al0-0.003)O17(OH)2

$����7% R�	 4 
U%@@��	 �@@7 �@@ �%3<? ���@@ACa2NaH(SiO3)3�C@@# ���@@� �� 

��A�� ? �� �+�K �6�� � .?� C@# �*
+( ? �7 ���A 0
 � �%3<
 � �%8� �7�!�6 .� �%8� �+ � �%3<? B
�>= �Q� 5�6�@� �@A ��6

�!+ M " �%�: �3#+(� �� �(��+� � �%3<? �7 � C# _R��A .
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 �+(l= ���2"�b�@��>� B@
� �@!��7 ��%� ����A �
+ �+ ��%>� 5+
�+�K ("3	�� )U�(Q�.(�@��>� B@
� �!��7 �
�3� �7 �Q%= �7 �5+

 }�!+ �7 � �%3<? 5��3V�! U%��	�(# �C!�L� ,4 �A+ .
Ca1.043-1.16Na0.401-0.53H2((Si2.114-2.12Al0.001-0.0002)O3)3

'���L� &=%�� ���A �+ p��?��< � B ���: �
�3�.
Major element W% W% W% 

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  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                            10 / 12

https://ijcm.ir/article-1-432-fa.html


(&QZw���># �vB 
�? �Zvwx ��
������A 5�!�"#0
+� � �3 �%C -�: � �8��7�� 5�6. . .���

'���S� �%3<? ���A �+ p��?��< � B ���: �
�3�.
SiO2 Zv/��  �w/��  
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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