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

÷

���� �����	
 ��	�  ������
 ���
 �������� ������� ������
 ���� ! 
��"�#� 
)�%�&�� !'��&���� (

����� �)��	��%*+*,-�)+ �����. /�,�0��� 1��� 0��23����#� �'4	,� ��)	 �56	 �,

��� �! " #$%�"&'( )"&*)�+,�-� �� �! .%/0 )12,�-� �#��3'4- �5�67�"&8�7 �'96: 
����2 6 5 ����;< �� �! .%/0 ��5%� ��=
�>?-%
�> 

7'�89 :��@6� ���A� �� ��B<C&7D
-� �'5� ��"&8�7 #!�B�
� #�8)"&B�* /�'
�%
� (1�"� �B E�F7 #�8�B&G��0%FH� ��"�I J%6K 
��%*&*��)�&; L@4 -� #M;&� ?-&
- �
&N��;&( �
�O< 1�- .Q65 �
--� �8�	�B #-� #�8��-� ?� �#-" �' 	- ��F �16'�8 �' 	- .���;-

R 2,> �/:- #�8Q65 �
- )168� R��7 �8 ��;"& (%6 /;)1 �(%
� �> �
$"-(!S;%
$S( �)!S;%+ �-��
�"�-&BT " �
!1�< �� �%' B (
E%N U�< ")16/N��%8%
M6+�(�5- .���; M � � ' 6� " �U5- �� >�(<?< �0&	 #�8�� R 2,> -� �8168� .�F 7 V�5-&B

��;"& (%6 /; ��8Q65 �
- )1�!�5 � �"- #�F*�� � 8�� #-�-� �8 �
� /4�4�" ?"�� )�+
�K &+�� B "�5- )�%B #- .��� #�8��"<&B�
&+�� B ��;"& (%6 /; ���; #"� �H65��,	)&'�* �
��� ��WW �> �XWW�'��5 �K�� ��,	 " �-&*��>�W��B%/ ; �� �F;-&> �B

)&'�* Y�>ZQ65 �
- �%/N> #-&B ��B%/ ; �5�8 .�� V�5- �
-&B��;"& (%6 /; �%/N> ["&7 ?-%> �� �%K%� �
�F*�� ��� 7< �� -� �8
 \F0X]�'5%( �B E��9� #&'�%/ ; �	&*&^� �� ��� � #.

7���'�;� ���:���; �F 7_��� ��H65��,	 _#!�B�
� D
-� _( )�+
�K �,?�F;_D 5-�"$ ���B<�A� _?-&
- #M;&�.

�	'<	 
�`5%�� 4- �`4�" a�-�"&`	 ["&7 �B �?-&+,8"b( !- #�� �B �"�B �B

 ?-&
- �4�" &
! �B c '>%d� V�`
&> �� #M;&� � �`(�D `5-�"$ 
� , ( a�B �� �?-&`
- ���F`7 " �`�"�� #�`8 #M`;&�]��f["

!&N�- J%6K �� �'h]Y�Z[�`A%h ��,`( �,`,; #�`8 ���`F;
 )1`7 R 2,`> i��B�� " � �"- 1`�- .�`A%h �`
- �� Q6`5 ��`8 #�`8

 #O%`U� j�%: "� &8 �B �
�F*��)k%'`5- " R `5 �D`
-� #�`8
 �
"&B�* Dl%; (�K"&I ")��-!�B (1��-� �M�"&B .Q6`5 �`
- ��`8

�*b
" � �! #�8 m n� #�8�F*�� �
� F 7 �,`( �,`,; #�8-
�� ?�,� -� i��B�� ���F;168�]��f[.��?-&
- ���F7 �N� #M`;&�

)16B �)%;&'7 �&N�� \o�6� 1 U5 �)�l�-M8 �A� �Q65 " ��B< 1`Fh--
J%6K �� ��B<�4&7 �"&8�7 (D
-� �'5� �1`�"� �`B #!�`B�
� #�8-

#�8�4&7��B&G ��%`*&*� �`0%FH� �?-&`
- �
&N��`;&( �`
�O< 

" #M;&����N�� V�`
&> �B%5� #�8 � �`(�D `5-�"$ � ,` ( -� 
�� L@4166;]��f�p���[.���'0- �B ?-��`2F8 " �2�`��8 ]�X[

D
-� �'5� �
- q�M`B a,`; D`
 )��`B�� #��`
! j�`0So- ��`8
 Q65 �� V� �� )��`4 )&`; & �`U> �� " )��"< r8-&`	 #- ��%`*&*� 

)��4 #-�� �B 1�1 U� .�*b
" �5�&B Q6`5 �
- �� �
�F*�� #�8 �`8
 � 8�� &+�� B�
� /4 �> �F ��
� /4*�� ?< R 2,`> " � �"- #�F !- �`8

J"O �,�B]�>fW�'`7%* )�+'`5�I D
 #1:�� �`6G #- )1`7
 )��`4 ?"�� �,`,; m `n� D`
 �� �' >"1
&( R6 =5- �,`( #--

�`5- i��`B�� " �` �"- ���F;]��Y�p���[.�`5�&B �%`K" �`B #�`8
 �*b
" #"� &B �19'� Q65 s/'�� #�8�675D
-� �
- �!%`68 ��8

 ���; �F 7 " �8 ?< �%/N> �2
M 	 m
-&7 �B �8 t"� !- )��U'5- #�`8
 ��� s/'����`5- �`'	&+� �-&4 �9��@� ��%� �H65��,	 .�`/FK !-

���`̀; j�`̀9��@�\o�`̀6� �� �B�,`̀� �'I�6`̀7�`̀� �"�`̀H� �`̀B ?-%`̀>
∗�U/> �E%d�� )16�
%� :Wp��Y�u�YpW&B�F� �:Wf�f]]Zf�vY��2 �"&'2�- ��( :Mojtabarostami32@gmail.com 

" �� B E�5rH6( w��F7 �.���l �?�'��! ��xnU: !- �y�� �> yyz

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             1 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� y��

]p���[�&; )��7- .�F `7 �`6 �! �� a8"b`( � '��� ������ �
-
���; � �! " �8 ���–��,	 D`
-� �H6`5 D `5-�"$ #!�`B�
� #�`8

 &`B �` 2> �`B �5- )17 �95 �?< �� �; �5- ��B<�A� ��@6� ��� �
 ���; \ 4� | ;&> � `�! )�+
�K ��8 m
-&`7 " �`F*�� [%`� ��'I�`5

Q65 �
- �%/N> �5�&B ��%� �8�& * �-&4.

��� � =� 
�5�&B !- c( �7-�&B " ��-1 � L��K #�8 ��
-&n`: \ 4� #�8

 !- a B [%FH� ����� D
-� !- �+65 ��%F� ��%� #�8�5�&B 
!- }�N
&�> " 17 �7-�&B�F8 ?< 25"&2 � k!�� Lo��� �8% (�2

� �> 17 ��%`� "�`5�&B Q6`5 �`5�67 �`	&* �-&`4 .!- c`(
�5�&B#�8 Q65 \ 4� �+� ���`5&*� �
&`'F; �`B ��%F� "� �#�

 J��'�- 1�17 !- )��U'`5- �`B �/� `: k!�� L@�� � �> !- c( "
)1`�!-�&(M
� �� �`�"&'2�- #�`8 �`FH�- �2 6 `5 )Academia 

Sinica ( ?-%
�> �%,; �� 1`6'	&* �-&`4 �
� F `7 �
MH> ��%� .
�-19>��� ���`; !- �`@�� " !S;%`
$S( ���`;"& (%6 /; #�`8

%� E%`̀ N U�< Q6`̀ 5 �`̀ 
- �� �%`̀ K �`̀ 8 !- )��U'`̀ 5- �`̀ B &
"�3`̀ >
 ��"&'2�- ~%25"&2 �)SEM ( �5�&B )-&F8 �B t"� �B �U ; 

EDS J"&("&2
�`� )�+'`5� �`B )1`�!-�&(M
� (JEOL EPMA 
JXA-8900R) ��"&'2�- �2
��B &@4 �B �µmX�J�'`7 $�`'�" �B 

)1`̀68�kV ��?�`̀
&K j1`̀7 �nA�� �`̀9��@�1`̀7 1�.�
�`̀'�

�5�&B �@�� ��; #-�E"1K �� �8 #�8��f�5- )17 )��"< .��
)�-� t!-�&`̀ ( " �`̀ 5�&B s`̀ /'�� #�`̀ 8�-M	- .&`̀ � !- �`̀ 81.07

Winpyrox �Grapher 11 �WinAmphcal 1.02"Excel  
�5- )17 )��U'5-.

��	��<>�	 ����� 
��%� ��@6��5�&B ?�'5- �� ?�6F5 �� �]WJ%`6K #&'�%/ ;

�4&7 a�B " �'	&* �-&4 16FK�� B �
�8 �,`�� !- � `�! #�`8-
�`̀5�67�:������ ?-�%>��`̀I]�f [ "�:��������B<1`̀Fh- 

]�Y[�5- .Q65 ��B<�`A� �`�@6� �� �
&N��;&( ��%*&*� #�8
 D
-� #��
! �-19> m5%> E�F`7 1`�"� �`B D` 	�� #�8 �`B&G�

J%6K�4&7 �� L@4 1�%`7)R2`7 �"X.(D`
-� �'`5� #�`8
 E%o &'�1: 16l #-�-� #!�B�
� 16'�8 "1`6l !- ���< ����A
 �� &  �> &'� �
16l �> &'F '��5 m`5%> �`��< !- ��`9B " 1`6;

R�* �B�K �8 )17 �K 1�-)R27#�8�J " s�- .(D
-� �
- �� �8
 �I�`5 �)&` > #&'�;�I Q�� #-�-� -&n: -1` (�� #�`8 " �%`/B

 �'
�%
�"&B�* | ;&> �B #& 	�%(16'�8 .��`FH�- � `7�h �%K"
 &+
� !- M � L
&5�*b
" �`5���< !��B #�8 .�`
- �`/; �%`o �`B

D
-� � 7�h �F�4 �� �8 ��-� j17 �B #- �, 7 �M
� ?"1B " #-
�7���%/B r; C�F0- �� �F*�� �6
M+
�K &+�� B " )�%B 16'�`8 .

?'&,�@�� �
MH> �
�'� ��;"& (%6 /; !- �I&B #��'I�5 E%�&	 �N5�n� " #- |�h &B �8v?b �;- r>- .
R50-166R50-113R50-112R46-33R46-19R46-18R46-15R46-12R46-11R50-168Point

pu/Yp]W/]WX]/]Wfp/YpWf/]WZW/YZZf/YpZW/]W]Z/Ypvp/YpSiO2

vv/WZp/WpX/Wvu/Wuu/WZp/WuX/Wvf/WZW/WWY/�TiO2

Zp/YpW/XXu/fZW/�u]/fZ]/f�v/fYY/XZ�/X�v/fAl2O3

fu/]pY/ZX�/ZfX/�fZf/v�]/u�v/u�u/u��/��fW/ZFeO 
fY/WXf/W�Z/WYW/W�X/W�u/W�X/W�u/WXZ/WXf/WMnO 
vY/�]�/�]Yp/�]Z�/�XfW/�]vv/�]Zu/�]��/�vpu/�f]X/�YMgO 
�v/XXZY/XWXY/X�Xf/�pX]/X�Xu/XWvZ/XWu]/XWuW/�pp]/XWCaO 
fX/WYu/WYp/WYY/Wfv/WY�/WfZ/WfX/WYu/W]Y/WNa2O
YZ/pppW/ppWp/�WWWZ/pZ]f/pZ]Y/pZpp/puYX/pZuu/pZ]W/pZTotal 

ZfZ/�Zu/�Z]/�Zp/�Zv/�Z]/�Zv/�Zp/�Zu/�Zv/�Si
W�Z/WWX]/WWXv/WW�p/WWXX/WWX]/WWX/WW�Z/WWX/WWf/WTi
X�X/W�Xu/W�YX/WWZX/W�v]/W�vp/W�Y/W�WZ/W�X]/W�Y/WAl
WZp/W��Z/W�YX/W��v/WWZX/WWZv/W��Y/WWZZ/W��p/W��Y/WFe+3

Wuv/W�]p/W���/Wf�X/W�f�/W�fu/W��W/W�fv/WXfX/W�Yu/WFe+2

W�/WWWu/WWWv/WW�f/WWWY/WWW]/WWWY/WWW]/WWWp/WWWu/WMn
Z]u/WZff/WZ]/WufY/WZ]�/WZu�/WZZv/WZpv/WuZu/WZ�f/WMg
Zfu/WZXu/WZfZ/WupX/WZ]/WZ�/WZfW/WZfW/Wupu/WZYf/WCa
WXf/WWfY/WWf]/WWff/WWXv/WWf/WWXZ/WWXf/WWf]/WWYX/WNa
YYYYYYYYYYTotal
ZY/ZfW]/u]Wv/uu�v/vfpv/up]p/upup/upW�/ZW�]/vpu�/u]Mg#
W]/Yvvu/YX�v/Yf]X/YWfp/YY]f/YXuv/YX]v/YXXW/Y�pZ/YfWo%
XX/Y]WX/Yfup/Yf]v/fuYv/YYuf/Y]vu/Y]p]/Y]v]/YWY�/YXEn%
u�/Zf/�YWf/�fp�/X��f/��uX/��]v/��YZ/���f/�ZvW/�fFs%

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             2 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .y��

?'& @�@�� �
MH> �
�'� |�h &B �8!S;%
$S( !- �I&B #��'I�5 E%�&	 �N5�n� " #-Z?b �;- r>- .
R46-24 R46-23 R46-22 R46-2 R46-1 R50-47 R50-46 R50-8 R-50-4 R50-3 Point 

ZW/]vXf/]ZuZ/]]YW/vW]p/]�up/]WZf/]vp�/]fup/YvYu/YvSiO2

Wup/WW]X/WWZ]/WWfu/WWvX/W�XX/WWZv/WWu]/WWWX/WTiO2

XXf/Xvf]p/X]fZ/Xvuvu/XfYXZ/Xup]X/XpW]f/Xvv]�/XuZXY/fX]]X/fXAl2O3

YYZ/WYZ�/WY�X/WX]u/W]ff/WvZ]/WY]Z/W]XZ/Wfv/WY]u/WFeO 
XYY/Z�u/uZ�Z/ZuXu/]YvY/pX�v/�ff�/ZXuY/�WYvf/�vYuu/�vCaO 
fYp/vWX�/uY]v/vZp�/upup/]�u�/YZvX/v]Xu/]�Xv/X�vY/XNa2O
XWf/W�Yv/WWuY/Wfvf/WWv/WWvp/WWpY/W�W]/WWZf/WWf�/WK2O
fY/pZY]/pZpZYY/pZ��/puWWv/ppvpZ/pZWu�/pZvYp/pZ�uZ/pZTotal 

]ZZ/XvYX/X]]p/XuXZ/X]XY/XfYX/X]Zv/XYZf/X�Z�/X�uZ/XSi

WWf/WWWX/WWWf/WWW�/WWWX/WWWY/WWWf/WWWf/WWWW�/WTi

YWZ/�f]v/�YXv/�Xv]/�YvZ/�vXu/�fpu/�]W�/�ZWf/�upZ/�Al

W�u/WW�Z/WW�v/WW�/WWX/WWXv/WW�u/WWX/WW�Y/WW�Z/WFe+2

YWX/WfYZ/WYff/WXuu/WYv/Wv]f/WYW]/W]Wu/WZXX/WZXu/WCa

]v�/Wv�u/W]uY/Wvp�/W]Xv/Wfuf/WvW]/WYpY/W�pX/W�pu/WNa

W�X/WWWZ/WWWY/WWX�/WWWf/WWWY/WWW]/WWWv/WWW]/WWWX/WK

]]]]]]]]]]Total

Xu/YXuv/f]Z]/YXWX/XZYp/YvYX/vfZZ/fpfv/]Wvu/ZWv]/ZWAn

W�/WW�/WWWX/WWWW�/WW�/WWWOr

]X/]ufu/vfuZ/]vZu/vp�]/]fXX/fv]p/]pWf/YpZ]/�Z�u/�pAb

?'& A�@�� �
MH> �
�'�E%N U�< !- �I&B #��'I�5 E%�&	 �N5�n� " #- |�h &B �8Xf?b �;- r>- .
R50-78R50-77R50-76R50-73R50-79R46-55R46-54R46-53R46-53R46-52Point 

Zv/]XXu/]YXv/]WYZW]/]fvX/YYf]/]X]]/]fvp/]YZp/]WSiO2

W]v/WWup/WWWu/WWvp/WWWX/W�X/WWf/WWY/WWW�/WTiO2

p�/XXu/�uZ/Y]Z/Z�p/��f/uXf/Xv/�v/WpY/fAl2O3

uv/�W�Z/��v]/��Y/��vu/ZW�Y/�ZWv]/�XYv/�XXf/�Wp]/�fFeO 
��X/W��]/W��u/W�W]/W�uY/WXWY/W�vY/WXXY/W�]�/WXZv/WMnO 
Wu]/�u�WZ/�ufu/�vYX/�fvv/�ZZX/��Yf/�uXu/�vvZ/�up�/�YMgO 
ZY/�Xvf/�XZp/��Xf/�fp]/�XWX/�XfX/��Xf/�XZv/�X�W/��CaO 

fp]/W�fp/W�YY/W�fu/W�XX/WXf/�Xu�/WfX�/WW]]/WYuX/WNa2O
WYX/WWXZ/WWuf/WWW�/WW�X/WYX�/WW�f/WWWv/WWWZ/W�Y�/WK2O

�/puZ/pvf/p]p]p]v/p]p/p]u/pvf/pvu/p]Total 
]�/uu]/uXf/u�v/uvu/u]p/vYX/uvv/uZ]/uf�/uSi(T)

W�/WWWWWW�/WWWWWTi(T)

Yp/WXX/Wuu/WZY/WX/WXY/�fu/WXu/W�/Wvu/WAl(T)

v]/WYX/WWZ/�WYp/Wpf/�fp/�uX/WX]/Wfu/�Fe+3(C)

vX/Wp�/WfX/WfW/�Yp/WXp/WWuZ/Wpu/Wf�/WFe+2(C)

W�/WW�/WW�/WW�/WWWf/WWWf/WWWY/WMn+2(C)

WWWWWX/WWWX/WWWX/WWMn+2(B)

WWWWWu/WWWY/WWW�/WWFe+2(B)

v�/fvY/f]�/fpZ/XWX/Yv/Xv�/fYu/fup/fX/fMg(C)

p]/�pf/�Zf/�Xp�/�pW/�uX/�ZZ/�pu/�u�/�Ca(B)

W]/WWY/WWY/WWW�W/WWu/WWp/WW�f/WNa(B)

Wu/WW�/WW�/WWY/WWf/Wff/WWWWX/WWf/W(Na+K)A

Xpu/�Zu/�Xp�/�XZW/�pu/�pu/�ZY/�(Na+Ca)B

Z]/WZW/WpX/WuW/WZZ/WpW/Wpp/WZX/Wup/Wp�/WMg/(Mg+Fe2)

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             3 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� y�z

B8� CD
-� �5�67 � �! �,�� ��B<�A� ��@6� #!�B�
� #�8)16FK�� B �B&G J%6K.(

B8� @&
%3> R*%* �
-%8 !- �'5� D
-�#�8 #!�B�
� �B1�"� �N
&�> E�F7 �B&G �J%6K �4&7.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .y��

B8�Ds�- (D
-� �'5� !- �
�F� �� �� 6* 1h-" )166; L@4 #!�B�
� #�8�B&G ��B<�A� #�'5"� )�`B&G J%`6K �F`5 �`B 1`
�. (J(!- �
�`F�
D
-��B�K �&+'5-� R�* m5%> �; ��B< �A� #�8�5- )17 �K )E�F7 �F5 �B 1
��B&G.(

1 U5 �/FK !- �"�H� \o�6� �� " )%;&'`7 " ��� � �&N�� �Q65
 D
-� M � )�l�-M816B 1`��-� ?%`F6I� ��B�,`� #�`8]������

��[.D`̀ 
-� �`̀ 
- ��%`̀ *&*� �`̀ 0%FH� �`̀ 8 #�81`̀  �%' �-&* "
� �`( V�
&> �N
&�> �B%5� ���N�� � 6�F8 " D �"!%>"&(%d�

–� , ( D 5-�"$ )D,F7 1�!�5 �B E��9� ()�&; L@4 -� 1`�-
 D8< �� ��"�5�� #�8R �	 " #- � , ( D 5-�"$ �-�)E��`9�

 �
�� �� 1�!�5 (D8< "1`��-1� �`�-�- � ,` ( �5�>&; #�8]p�
��[.�� -�� -"- �5 ?-%> &^� �� ���< #-&B -� ��� � D 5-�"$ &I

�	&* .�BD
-� �5 �  9> �)"S0 �`B &`N�� �`�@6� �� �%K%� #�8
 t"� !- )��U'5-U-Pb �`5 ��` >�(< &`B �]X -� E�`5 ?%` / � 
�5- )�-� �H '�]��[�`6 l )�+
�K !- )1�< �5� �B �5 �B �; -

�5- �2
 �'I�67 .�4&7 !&N�- �6�( �� D,F7 1�!�5 RI-� ��
 D
-� M � )�&`; O%U� ��B�,� #�8 D`8< �� �`; 1`�- 1�!�`5 #�`8

 1`��-1� �`�-�- � �`( D `5-�"$ �5 �B #�� ��]���.[��`
���
D
-� D
-� �B !&N�- �6�( " �"�H� \o�6� �� �B�,� #�8 ��%`� #�8

 �� ?�,� ��B<�A� �� �5�&B )�`+
�K #-�-� )"&`* "� &`8 �`; 18�
�6 lQ65 " �65 )&'�* ��'I�67�
-!16'�8 ��B�,� �� �B .

0�� ���E� 
Q65 D
-� )1�!�5 #�8 ��%� #�8�5�&B #-�-� �'5� ��%F� �� 

�I�5 " )& > #&'�;�I Q�� #& 	�%( " �%/B-1 (�� #�816'�8 .
�`̀`5�&B#�`̀`8Q6`̀`5 k!�`̀`� Lo�`̀`�� #"� \`̀` 4� #��`̀`+�
5"&2 �%2 (�2?< !- )17 � �> �`� ?�,`� �`8 �`
- �`; 1`68�
Q65 �	�B #-�-� �8 #�8?� ���-�#-��' 	- ��F � 16'�`8 �' 	-

)R27#�8YJ " s�- .(���; !- R 2,`> �/:- #�8 �`
- )1`68�
Q65 �� �8 �&`; )��7- E%N U�< " ��;"& ( �!S;%
$S( �B ?-%> .

�!S;%
$S(&', B �B R27 j�%: �`F � �> �-� R2`7 R`;�� �`B �-�
 �/( " ��N����; �7�� j�%: "� �B D ''65 " �%`/B
��%`/BM �� 

Q65 �
- �6 �! ��-� �%�h �8)R27#�8Yj " ~.(���; �
- 
�`�%F� ��9B �� )1`7 �' �`
&5 #�"1`h�> �`8 �`5- .�`
- ��

Q65 �`� -� !S;%`
$S( R�� "� �8 �`/0 " �-� � �,`> ?-%`>
 )�"� �B ��N>�- �� R�� "� �
- R 2,> ?1`7 �&`5 j"�U'� #�8

�5�F*�� .�� �8�%/B �7�� 0 �B 16�-%> �`/h&� D`
 �%`K" �`/
 ��`H
- �
�F*�� ��� 7< D
 �� �F*�� s4%> " ��T%o ?17 �&5

 ��" 167�B )17 �%`/BM
� �� �`8 �`o �
�`�� #& +
�`K " �%9`: 
)1`̀7 R 2,`̀ > �� `̀ �! �@`̀5 �`̀2
�M� �� �`̀ F*��1`̀ �- .&',`̀  B 

�`�@6� ����B&G �	�B #-�-� �8!S;%
$S( #1`6B)R2`7 Y�("
r8&`̀ B 16'�`̀ 8 #1`̀ 7� .R 2,`̀ > ��;"!�`̀ 5 �� ���`̀ B&G �`̀ 	�B 

�� �8!S;%
$S( E�`h�� #�`F*�� |` ;&> &`  �> R �� �B 1�-%>
 ��
�`F*�� ��� `7< RI-� �B )!�> " �-� #�F*�� �"�" &�- &B �%/N>
 !- �`8�%/B E�`�'�- �`
 " �-� #�`F*�� �"�" R` �� �`B ��� a
-M	-

 r; \o�6� ?�`
&K !"&`B R �� �B ��� 7< �-� \o�6� �B ��� #�`8
 a8�; ��'	&F8 �`
 " �`F*�� ?1�< T�B &�- &B D >�'5-%' � ��,	 

�%`̀7 ��`̀H
- �`̀F*�� �%9`̀: .�`̀+68 �� J< ��`̀�B ��,`̀	 a
-M`̀	- 
]�v��][.��%F� &�;- �� �7�� RI-� �� !S;%
$S( #�8�%/B ��8 

�	�B R 2,> �B &H6� " 1��-� �-&4 ��;"& (%6 /; #�8�%/B #�`8
 " �' 	-�F �)17 �' 	-1�-.["&7 �B &�- �
-�'�8 �%/N> " #16B

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             5 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� y��

B8�F-s�(D
-� �� �' 	- �F � " � '	- �	�B a
�F�J #!�B�
� #�8 (�'
$"- R;�� �B ��;"& (%6 /; �%/B !- #&
%3>)XPL(~ �(�/( R;�� -
�8!S;%
$S( �� D ''65)XPL(j �(��%F� �� !S;%
$S( R�� "� �%K" !- #&
%3>#!�B�
� #�8 )XPL .(�(��@6� �%/B �7�� �� #16B
 E"- R�� #�8!S;%
$S()XPL(� �(D
-� �� 16/N��%8 ���; !- #&
%3> �5- �
&/; �B ?17 R
1N> E�h �� �; #!�B�
� #�8)XPL.( 

" ���`; "� �
- ?��MF8 }�N
&�> �%/N> ["&7 �
 " !S;%
$S( &>�"!
 �`5- �%`B&� ��;"& (%6 /; �%/N> &', B ."-1>]�u[.�`7�� 

�F � �> R27�%I & G j�%: �B ��;"& (%6 /; #�8�%/B R2`7-
�`� )1`
� #�-&`2> " �
�`>"� R`;�� �B )-&F8 �8�* " �-� 1�%`7

)R2`̀ 7YJ.(��`̀ ;"& (%6 /; !- �`̀ I&B #�81`̀ 6
<&	 �`̀ o �`̀ 8
 )1`̀7 R
1`̀ N> E%`̀ N U�< �`̀ B ���`̀5&*� 1`̀ �-)?1`̀7 �`̀ ' �-�"- .(

��`̀;"& (%6 /; � `̀ B #��`̀	 )1`̀66;&( j�%`̀: �`̀ B &',`̀ B �`̀8
%
$S( ��-� ?� � �	�B " 1��-� �%�h �8!S; )�&; ��H
- -� #- 1`�- .

�`*b
" �`/FK !- �1`7 ?�` B �; ?�6l �� �I�`7 �'	�`B #�`8
��;"& (%6 /; �	�B ��8 �F � " �' 	- #�8 16'�8 �' 	-)R2`7-

#�8YJ " s�- .(��B )1 �0 �B]�u[�%`/N> #-&`B t"� �`5 
�`	�B �
- R 2,> " ��;"& (%6 /; " !S;%
$S( ��-� �%`K" �`8

s�- (R27 -1'B- " )!-1`* �� ��`;"& (%6 /; �'�`8 16l #& *
 � �"- 17� �'�8 �?< E�N�� �B " ���< #- !S;%`
$S( ?-"-&`	 �`
-!
 �� j�%: �' 	- �	�B R 2,> !�	 "� ?�
&K 17� c=5 " �& * .

J(�'�8 " )!-1* �� !S;%
$S( " ��;"& (%6 /; ?��MF8 #16B
 ���< ?��MF8 17� .�(�'�8 !"&B a `( !S;%
$S( 17� " #16B

 �'�8 .�H�- c=5 " ��;"& (%6 /; !- " ���`;"& (%6 /; #16B
 "�&8 ?��MF8 " L
&5 17� ��-�- �� .R2`7 j�%: �B E%N U�<-

�F � �> �-�R27�`�%F� �`I&B �� " �` �"- )�+'`5�I �B �-� �`B �`8
 "& (%6 /; �-&`o- �� �` �-�"- j�%: �B " �
%��� )�+'5�I ��`;

 1��-� �%K" .���`5&*� &`�- �� M � E%N U�< ���; �%I � 6�F8
 �`5- )17 R
1N> �1; ���; " j"1 (- ��
&/; �B)R2`7Y�.(

���; �/FK !- Q6`5 �
- �� �%K%� �0&	 #�8 �`� �`8 �`B ?-%`>
�&; )��7- � ' 6� " �U5- �� >�(<.

���� ���� �� 
�5GGG� �2%��;� :\`̀ ` 4� |`̀ ` ;&> �`̀ `5�&B �%`̀ `^6� �`̀ `B

6 /;��;"& (% D
-� �� �%K%� #�8 ��%� #!�B�
� #�8 �`5�&B �
�� �
MH> �@�� ?< #"� #- �	&* j�%: �8)E"1K�.(V�5-&B 

�-�%F� Q-J ]��[��;"& (%6 /; ��%� #�8�5�&B )�"1`n� �� 
Ca-Mg-Fe �� �-&4 1�& *)R27�s�-([%`� �  9> �%^6� �B

 ��;"& ( \ 4� )�� �-�%F� !- �8#16B LK&� ]�Z[1`7 )��U'5- .
��;"& ( �V�5- �
- &B 1 �`(%
� �> �
$"- | ;&> ���@6� #�8

 �� ?�,� -� 168�)R27#�8]J�vJ(.�
�`�� #��0- | ;&>
 ���; �
- )&'�`* �� Wo39.18–50.77 En33.99–50.69 Fs4.89–16.43 

�`̀````� �-&`̀````4�&`̀```` * "r
M`̀```` 6� �1`̀````0 �-1`̀````�� 
][Mg# =100Mg/(Mg+Fe+2)���; �
- �"1h �� ]W�>]X

�5- )17 �N5�n� 1:�� .L
!%> �-�%F� ��Al "Si ��;"& ( -

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             6 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .y�y

��%� #�8�5�&B �-&4 ��K"��l )�+
�K �� [�N7- mI #T�B �� 
��1�& * .��
-&B�6B)�+
�K ��;"& (%6 /; �
- ��K"��l �`B �`8

 �B R��; �%oSi �B �,�B �%o �B "AlIV " �`5- )17 �
M+
�K 
Al �5 )-&F8 �B M � �	�A- ��-" �`' 	&� �`5 &:�60 &
 )�`+
�K

 ��;"& ( ��K" �,8 �� �8�%7.�
- ��H '� �� )�+
�K �`F� -
?% >�; �B 1�-%> R`�� �`' 	&� �`5 #�8Cr �Fe+3 "Ti E��`7- 

17�B )17) .R27vs�-(]�p�X�[.�
- !- ��6�;"& ( � 6l "�
 �� �.% 6 �%�< 1K-")�+
�K�,8 ��K"�5-.

�H�%��H2 :!S;%
$S( )168� R 2,> ���; �
&'�-"-&	 �D`
-� #

�`̀5- �`̀5�&B ��%`̀� #�`8 .�`̀
MH> �
�`'��`̀@�� #!- �`̀I&B #-
 ��@6� #-�-� " �%/B �7�� #�8!S;%
$S( ?% >�`; " #16B #�`8

?< #��'I�`5 E%`�&	 V�5-&B �N5�n� !- c( �8Z�� ?b �`;- 
E"1KX�5- )1�< .)1`7 �
MH> #�8!S;%
$S( �
� F 7 | ;&>

 � �� ��/�� �-�%FAb-An-Or LK&� ]XX[�!S;%+ �- )�"1n� �� 
�� L4-" � �%' B " �
�"�-&BT ��
!1�< 1�%7)R27 #�8u" s`�- 

J.(1`̀�"� &+��,`̀ � r �`̀/; " r
1`̀5 #�81 �`̀;- j-&`̀  �> #�`̀8
 �F`5 �`B �`8!S;%
$S( M;&� !- )��5 �,
-1K " r^6� j-&  �>

��@6� &+�� B " ���< � 7�h< �� #��0 #16B�5���.

B8�IJ " s�- ()����;"& ( #16B LK&� #�8�-�%F� �B �K%>�B ��@6� #�8]�p[�

B8�Js�- (LK&� �-�%F���]XX[��%F� �; �� �-&4 ��K"��l [�N7- mI #T�B �� �5�&B ��%� #�8 J �1`�& * (t"� �`B �`U ; �`5�&B &
%3`>
EDS��;"& ( !- ��%F� D
 �5�&B ��%� #�8.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             7 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� y��

B8�Ks�- ()�� V�5- &B �8��=51/	 �
� F 7 | ;&> LK&� #16B]Xf[J �(t"� �B �U ; �5�&B &
%3>EDS#�8!S;%
$S( !- ��%F� D
 #�`8
�5�&B ��%�.

?%)�L	":�'I�5 E%�&	�#-!- �B E%N U�< #Xf" ?b �`;- r`>- 
�f ?% >�`; �'	&`* &`^� �� ?"1`B ?% >�; #�`8K�Ca "Na 

�N5�n� �5- )17 )E"1Kf.(E%N U�< #�-�+��� #-&B .&`� !- �8
 �-M	-WinAmphcal 1.2 ]Xf[)�� �
�( &B #16B L`K&� ]XY[

�5- )17 )��U'5- .��"<&B �N�`� Fe+3 )��`B"� �N`5�n� #-&`B 
t"� � +��` � �`
�( &B E%�&	15e NK "13e CNC j�%`: 

�'	&* �5- �`8< �N�� �
&', B " �
&'F; | >&> �B �; ��`5
 �' 	&� B -� ��� �5�168� .���`; E%�&	 ?< �� �; t"� �
-

 E%�&	 V�5- &B�
&', B "�
&'F; Fe+3 ��H6�B �� #-&B ��%7
 �5- |5�6� r �/; !- [�N7- 16/N��%8 ]XY[.�-�%`F� V�`5- &B

 L`̀K&�]XY[E%`̀N U�< |`̀ ;&> ��%`̀� #�`̀8�`̀5�&B "&`̀F/4 �� 
 �/;�F)17 L4-" 1�-)R27Zs`�- .(E%`N U�< �`8  �`/; #�F

��%F� " 16/N��%8%
M6+� )�"1n� �� � �"-  �`/; #�8�F�`
%��� 
�`� �-&`4 �` �%6 ';- 16/N��%8 " � �%6 ';- )�"1n� �� 1`�& *

)R27ZJ.(

B8�MJ " s�- ()�� #�8�-�%F�E%N U�< #�-�+��� " #16B)�� V�5- &B �5�&B ��%� #�8 LK&� #16B]X][.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             8 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .y��

 ����N�	 � � ���OP��	� Q�6	 ��R�� 
a8"b( �I&B �
�(&B �8)�/FK !-]X]�Xu[(�
� F `7 |` ;&> 

��;"& ( 1`6��� #&`:�60 ��-"-&	 )b
" �B �8Al �Ti �Na �Cr "
Si � 94%� " �F*�� � 8�� �
�5�67 �� � �!�'I�5 �`B �� �`B 

16'�8 � F8- .&`B-#&`5 � ` 9> �-�%`F� �
1`6l V�`5- �`

 &B �
�F*���
�( "& ( �F 7 �5- )17 �h-&o ��; .c(]Xv[

&
���� �; �5- 1�'9�Si �Al "Ti ��;"& ( ��'I�5 �2N7 �� 
�K�� �B� �� /4 -� �+'�`B ��D` 2U> #-&`B �N`5�6� �-M`B- "

#&5 �`F*�� #�8
�`5- �.�-�%`F� �� V�`5- � `F8 &`BSiO2

�B �N�� Al2O3]Xv [ �`�%F� ��%`� #�`8 �`5�&B )�"1`n� �� 
�
� /4 �>�
� /4 �F � �� �-&41�& * )R27ps�-.(]XZ[1�'9� 
�5- �; �6G &�- !- #& *%/K #-&B �*17Al "Ti &B �8�* �; 

�`� ��`H
- �`F*�� L
&5 ?17 �&5 &�- !- �%`7 �-1`��Ca+Na 
�-1`�� #�`K �`B ��;"& (%6 /;Al �%`7 )��U'`5- .�-�%`F� ��

Na+Ca �B �N�� Ti ��`;"& ( �
�F `7 | ;&> ���%`� #�`8
�5�&B 1n� �� )�"�
� /4 �� �-&4 1�& * )R2`7 pJ.(�` 8��

 ��`;"& (%6 /; )1�!�`5 #�F*�� �
� /4 �
�` /4 �` 8�� �`B �`8
D
-� B R; Q65 | ;&> �
�( &B �; #!�B�
� #�8 �)1`�< �`5�

��-%�F8 ��-� ]��f�p���[.� �! )�+
�K � �,> �%^6� �B-
Q6`5 �`
- )1�!�`5 #�F*�� ���F'h- )�+'5�I " �'I�5 !- ��`8

F� � `�! m `n� M
�F> s/'�� #�8�-�% )1`7 )��U'`5- �'I�`5
�5- .�H�< !- ��;"& (%6 /; �; m n� #�8 �`4�" ?"�� #�`8 #-

 &
���� #-�-�Al �Ti "Si �3`�,� 16'�`8 �`
- !- )��U'`5- �
m n� �
- �
�5�67 #-&B ���; �`5- |5�6� �� �B �8]Xp[.��

�-�%F�#�`̀``8 �`̀``�/�� TiO2-MnO-Na2O]XZ["Mn*10-
Fe/10-Ti ]X][��%F� ��%`� #�8 �`5�&B m `n� "&`F/4 �� #�`8
�4�" ?"���� �-&4 #- 1�& *)R27 �WJ " s�-.(

B8�S��%F� �
�F*�� #&5 �  9> s`�- ���;"& ( �
�F 7 | ;&> !- )��U'5- �B �5�&B ��%� #�8 (�-�%`F�Al2O3�`B �N�`� TiO2]�y[J �(
�-�%F�Ca+Na�B �N�� Ti ]��[.

B8�,T� �! m n� �  9>D
-� �'I�5s�- ���;"& (%6 /; | ;&> !- )��U'5- �B #!�B�
� #�8 (]Xp[J �(]Xv[.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                             9 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� yy�

��	��	
����� ���� 
�`̀8� ���`̀5�&B &`̀ I- #�`̀8#�`̀8� `̀�! � `̀�! " �H6`̀5���-

Q6`5 R 2,> ��,	 " ��� m
-&7 �I�67 #-&B �H65��,	 ��`8
 ̀7 �&`@� 1` U� t"� D`
 ?-%60 �B)11`�-]fW[.�`
- V�`5-

 ���; �0%FH� �; �5- �-%'5- �&	 �
- &B j�� �n> Q65 #�8
 167�B )17 R 2,> ����9> m
-&7 �� .�%`^6� �`B a�B �
- ��

 ��� m
-&7 �  9>–���`; �%`/N> ��,	 t"� !- �`8 �1`9'� #�`8
 �5- )17 )��U'5- ��% >�; E��N> .&',` B �`; �`
- �`B �K%> �B

E%N U�< N� � �"- �8 )&'�`* �� " 16'�8 ���5&*� !- �7�� " )�%
 )��U'`5- �` /B�4 �
-&B�`6B �1`��-� �-&`4 � �%6 ';- #-&`B �`�� �

1`̀��-1� -� �H65��,`̀	 .|`̀ ;&> !- �`̀�6> �a8"b`̀( �`̀
- �� -�`̀�
��� #-&B ��;"& (%6 /;��5- )17 )��U'5- �H65��,	.

�5�&B#�8 ��`;"& ( )��B�� & I- �`; �`5- ?< &+��` B �`8
 -&``7 j-&``  �> |`` ;&> �� �``F�� a``�� �``�� " ��,``	 m

��;"& (%6 /; �`/0 � F8 �B " 1��-� �F*�� !- )17 �%/N'� #�8

 �K%> ��%� #!�B #�8�F*�� �� 1`�- ]fX�f�[.V�`5- � `F8 &`B
 ��;"& ( �
� F 7 | ;&> �� -� �8 " ��� �  9> #�'5-� �� ?-%>

 Q65 ��,	 ?< R��h #�8 �&B ��; �B �8.�2
&>�(]ff[V�`5- &`B 
E1� LK&� ]fY[[%� "������65��,	 D`> |` ;&> V�`5- &B

 ��;"& (%6 /;)����9� E��� ?-%60 �B ��s�-��L`K&�]ff[(
��;"& (%6 /; "�)!-1*)����9� E��� ?-%60 �B#�8 ��� " J

�� LK&� ]ff[�-� ��-�- .(E1`� �
- " �`4� �
&>T�`B #-�-� �`8
16'�`̀8 �`̀@I �
&`̀'F; .�`̀;"& (%6 /; D`̀> t"� V�`̀5- &`̀B �

?"1`̀B " ��`̀;"& (%6 /; �� � >�'�`̀�- �`̀ ��9	 ?-M`̀ � �N`̀5�n�
 | ;&> ���I�)!-1* �`5- )17 �h-&o }�`�%F0 "E��`9> �`
�(&B 

Ca-Mg �5-]f�[.����&B !- a8"b( �
- �� Winpyrox  ]f�[

#-&B��"-&B m
-&7 ��`;"& ( �%`/N> ��,`	 " �`�� D`> t"� �`B
�@B-� V�5- &B ��;"& (%6/;#�8 )�(")z(17 )��U'5-:

T(K) = 93100 + 544P(kbar)/61.1 + 36.6(XTi
cpx) +

10.9(XFe
cpx) - 0.95(XAl

cpx
+XCr

cpx
-XNa

cpx
- XK

cpx) +
0.395[ln(aEn

cpx)]2 )�(
�;����9� �
- ��:

XAl
cpx = XAl(IV)

cpx + XAl(VI)
cpx )X(

aEncpx = (1-XCacpx – XNacpx - XKcpx) * (1- 
0.5(XAlcpx+XCrcpx+XNacpx+Xkcpx))                     )f(

P(kbar) = 3205 + 0.384*T(°K) – 518*ln[T(°K)] – 
5.62*(XMg

Cpx) + 83.2*(XNa
Cpx) + 68.2*(XCpx DiHd) +

2.52*ln(XCpx
Al VI)–51.1*(XCpx

DiHd)2+34.8*(XCpx
EnFs)2

)Y(
?< �� �; 

XCpx
DiHd = Ca-CaTs-CaTi-CrCaTs                       )](

XCpx
EnFs=[(Fetot+Mg)–(Ca-CaTi-CaTs-CrCaTs)]/2 

)v(

- \No ��;"& ( %6 /; R 2,> #��� � +�� � �t"� �� `B �`8
��z� �> ���y ��5 �K�� '��,`	 � +�� � " �-&+ ��/��`> ��

�5- )17 ��"<&B ��B%/ ;.
��`̀;"& (%6 /; t"�–)!-1`̀ * L`̀ 
!%> �`̀ 
�( &`̀ B Al � `̀ B 

" ��;"& (%6 /;)!-1* r'� 5 �� ��
MF8 �-1B< �
�F*�� #�8
 �5- )17 �6B .)1` �0 �B �`2
&>�( ]ff[" �`8< L`
!%> |
&`A �

&B-&B L
�� " ��;"& (%6 /; � B r
M 6� ��/�±�y/�R�'�`� "
��� !-�5.�`� ��`;"& (%6 /; | ;&> �; �5- ?< &+�� B �
--

�N�� �  9> #-&B 1�-%>�8< �B r
M 6� #�8��?< !- �`; �9
�� 
a `( #-&`B � `6�F8 ��%`7 )��U'`5- ��5- )17 �%/N'� �`6 B

 ;"& (%6 /; | ;&> �`8< �`B r
M` 6� �N�� �B �9
�� !- �; �6�
��,� �� �%/N'� ���-� �&B��; ��%7 .E��`9> �`@B-� k�� #-&B

��;"& (%6 /; /)!-1* !- �R; Q65 r
M 6� �10 �-�%F� �N�`�
�B 17 )��U'5- ��;"& (%6 /; r
M 6� �10 .��6> a8"b( �
- ��

 ��%F� !- �B E��9> �� #�8 )!-1* 1`7 )��U'`5- 1`��%B)R2`7���
s�- .( #�`�� &+��` B t"� �`
- !- )1`�< �51B �
�'����� �`> 

���� �-&+ '��5 �K�� ��,	 "��>���5- ��B%/ ; .
P(kbar) = -57.9 + 0.0475T(K) – 40.6(XFeOliq) –
47.7(XCaTscpx) + 0.676(H2Oliq) –153(XCaO0.5 
liqXSiO2liq) + 6.89[XAlcpx/XAlO1.5liq]
XAlcpx = XAl(IV) cpx + XAl(VI) xpx 

�F 5&> t"� !- )17��
 �
�'� 1 
�> #-&B ��-�- ��]f][)�U'5- 
1`7 .]f][)&`̀�B �`̀B &
��`̀��!- #&` *XPT "YPT |`̀ ;&> �� 

#-&`B �F 5&> �-�%F� D
 ���;"& (%6 /; ��"<&`B ��,`	 " �`�� 
�5- )�%F� ��-�- .�`B �K%>�B ��`;"& (%6 /; ��-�%`F� �`
- #�`8

 ��%��5�&B �`�� )&'�* �� �"1`h �
��WW �`> ��ZW �`K��
 �-&+ '��5 !- &'F; ��,	 "�W)17 �%/N'� ��B%/ ; 1�-)R27#�8

��~ " J �.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                            10 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .yy�

B8�,,s�- (���; E��9> ?%�!<–!- )��U'5- �B )!-1* Kd[Fe-Mg] ��`
MF8 )!-1`* " ��`;"& (%6 /; � `B ]fY[J �(#�`�� � ` 9> �-�%`F�
 ��U'5- �B ��;"& (%6 /; LK&� t"� !- )]f][~ �(LK&� t"� !- )��U'5- �B ��,	 �  9> �-�%F�]f][j �(�`
�( &`B �`F*�� �%9: !- �-%h&o ��1�

 ��;"& ( �%/N> \F0 ��-"-&	)�5�&B �B �K%> �B %8%� \F0� , ( #�8 ]fv�fu[Y]�5- )17 �'	&* &^� �� &'�%/ ; .(

�`�� !- R`:�h �
�`'� �`/; �%`o �B–� �H6`5 ��,`	 #"
��;"& (%6 /; D`
-� �� �%`K%� #�8 D `5-�"$ #!�`B�
� #�`8

t"� �B ��B<�A� ��@6� L`K-&� �� )17 �&@� #�8]f]�ff [ ��
)1��-�&B M` � " &+
1`2
 �`B ��-%�F8 " E%N4 RB�4 �� �B �
�'� #

Q65 18-%7 �B ��*!�5 16'�8 #��+� .�`
- �`7%=F8 �B �K%> �B
)&'�* �� �8 !- &'F; ��,	 ?-%>�W;� `B #��� " ��B%/ ��WW 

�>�XWW �`; �`	&* &^� �� ���< �%/N> #-&B -� �-&+ '��5 �K�� 
�)�`K �-M`8 1`6B " &`N�� ��"�`H� \o�6� !- )1�< �51B �
�'� �B

)!- &'F; ��,	�W� B #��� " ��B%/ ; ��WW �> ��pW �`K�� -
�-&+ '��5 (]�W��X[�`5- ��`
��� R`B�4 .�`26
- �`B �`K%> �`B

 " !S;%
$S( ���; ��;"& (%6 /; D
-� �/:- #�8 #!�`B�
� #�8
 �F � �	�B ?-"-&	 �%�h " �'	�B mB-"� " 16'�8 �`��< �� �`' 	-

 &`B ���`; "� �`
- 1`7� ����! )!�B �� L 5" �7%=F8 !- �;�h

 �� ��5- D '2>%; �6n6� �� M` � -� �`8!S;%
$S( �%`/N> ?-%>
 ��;"& (%6 /; �B �B�,� #�8��,	 �	&* &^� �� �8.�`B � 6�F8 

��,`	 ���`;"& (%6 /; �%`/N> ?�`�! �� r;�h ��,	 �26
- �&	
 Q65 ?!" !- �7�� �D >�'5-%' � �N��K �F8 )�%`B �
T�`B #�`8

�� ��5- �@B-� !- )��U'5- �B ?-%>P = p.g.h�N`5�n� -� \F0 
�&; .���+l �&	 �Bv]/X�'��5 &B .&* Q65 #-&B |92� &'�-

)��`̀ 4 �'`̀ 5%( #�`̀ 8�`̀ � #-?-%`̀ > �� -� �`̀ F*�� �%`̀ /N> \`̀ F0 
��� 7</��� 7< !- &'F; C�F0- �� L4-" �
�F*�� #�8X]&'�%`/ ; 
���-�)R27��j.(

U��
 � 
D
-� ��B<�A� ��@6� �� ���` � D 5-�"$ #!�B�
� #�8�� �`( �

E�F7 #�81�"� �B�B&G �J%`6K �4&`7 Q6`5 ��%`*&*� #�`8

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                            11 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� yy�

 )�&; L@4 -� �
&N��;&(1�- .D`
-� �`
- �`; !- �`8���/`:- #�`8
 )1`7 R 2,> E%N U�< " !S;%
$S( ���;"& (%6 /; 1`�- .�`
�(&B

�5�&B#�8 Q65 ���< �	�B �#��+� ��-� ?� �#-��`' 	- ��`F �-
�5- �' 	- .�5�&B !- R:�h �
�'� �`�"&'2�- )1`�!-�&(M
� #�`8

 �� ?�,� ��;"& ( �; 168� D`
-� �`
- �� �%`K%� #�`8 �� �`8
 ��;"& (%6 /; )&'�* #�`8 r �`/; –r
M` 6� ��`8< �-&`4 �-�

 1 �`(%
� �`> �
$"- [%� !- " 1��-� 16'�`8 .���`; �`
- |` ;&>
 ��;"& ( &B \N@6� )�%`B �
� /4 �
�F*�� #&5 �� �%K%� #�8

 � �! m n� D
 &+�� B "�4�" ?"�� �'I�5 �5- #- .E%N U�<-
#�8)� �%6 ';- �> 16/N��%8%
M6+� (D`
-� �
- �� �%K%� !- �`8

`̀ /; [%`̀ � �16'�`̀ 8 �F .!S;%`̀ 
$S( |`̀  ;&> )�"1`̀ n� �� �`̀ 8
!S;%+ �-��
�"�-&BT " �
!1�< �16'�8 � �%' B .R`:�h �
�'�

 ��� !-–��;"& (%6 /; #"� �H65��,	 D
-� �� �%K%� #�8-
��,	 &+�� B #!�B�
� #�8��>�W�� �F;-&> �B ��B%/ ; )�&'�`* 

Y�>Z� B #��� " ��B%/ ; ��WW �> �XWW �`K�� �'��`5 �-&`*
 ���< #-&B�5!- &'F; \F0 E��9� �; X]�'`5%( �� #&'�%/ ; 

�5- ��� � .�%/N> R �� �B r`; �5� �`/h&� "� Q6`5 #- #�`8
 ���,U,><)��� 7< �� �%/N> � `�! �@5 " \ F0 #�8 (�,` F8

 ���; �%/N> ��,	 �� �>�	S'I- � 6l �%K" -&
! ��5- ��@6� �8
 � 7< �� �8�%/B �7�� !- �I&B���`I&B " \` F0 �
�`F*�� #�8

 \	- �� &+
� �`� �%/N'� � �! �@5 �B D
�M� &>T�B #�8 1�%`7 .
�5�&B#�8 & I- ?�,� )�-� #!�B #�8�F*�� �; �5- a`�B ��-

?-&
- ���F7 " ��"�� #�8 #M;&���V�
&> � �(�D `5-�"$ 
� , ( )16B �)%;&'7 �&N�� \o�6� 1 U5 �)�l�-M8 �`A� �Q6`5-

1`Fh- " ��B< J%`6K �� ��`B< �4&`7 �"&8�`7 (����`A%h #�`8
 �,( �,,; )1`7 R 2,`> i��`B�� " � �"- ���F; 1`�-]��f�p�

��[.�
-&B�6B �B �K%> �B ���,�#�8 � �!��5�67 � �!�
� F 7 

���; "m n� �B mN>&� �5�67 �nU`: ?"�� #�8 �`� #- ?-%`> 

R 2,> D
-���B<�A� #�8 -� �B D
 r'� 5 �,( �,,;���F; 
i��B�� " � �"- �N�� �-�.

V&� 	 
]�[. ���'B-.�"��@6� #!�B�
� #�8 D
-� �F 7%�$ " #$%�"&'(

 )�`l�-M8 1`6B &'I�`B"�?�`
�( )12,`̀�-� �1`7�- �`5�67��; �`���
.%/0 ��"&8�7 �'96: )�+,�-� �� �!)�fpf.(

]�[)�-!&�:-!.�"� �! D`
-� #$%`�"&'( " �F `7%�$ ��5�67-
&N�� ��@6� #!�B�
� #�8"?�
�( �)12,`�-� �17�- �5�67��; ����

.%/0 ��"&8�7 �'96: )�+,�-� �� �!)����.(
]f[. �%(�-�.�"Q65 �F 7%�$ " #$%�"&'( �%`K%� �'�-!�B #�8

 R FK ��@6� D 5-�"$ �B%5� ��-%> )10�4 ��)R�`5 �"�I ("
���< �2 ��6
�%�$ � F8-"?�
�( �)12,`�-� �17�- �5�67��; ����

.%/0 ��"&8�7 �'96: )�+,�-� �� �!)����.(
]z[� �51��.�"�`6 l )�`+
�K " M`�$"&'( �#$%`�"&'( #��`+�

Q65 #�"�I !&N�- ?"! �� D 5-�"$ ���,U,>< #�8"��
�( ?����
 .%/0 )12,�-� �17�- �5�67��; ��"&8�`7 �'96: )�+,�-� �� �!

)����.(
]�[� �F5�4.� #1 ,`FK �.�"Q6`5 ��F `7%�$ #%`+�- " �`5�67

 Q65 R 2,> #-&B #���6, ( �
�F*��%�%'2> �� �
�` /4 #!�`B #�`8
)10�4 D,`F7 1�!�`5 #"�" �`5�67�%/B �`/H� �#�"�`I !&`N�- ?"! 
���;F7 �?-&
- �5�67 )��z)���� (���� �y�z.

]�[� �F5�4.� #1 ,FK �.�"�,`6� � h�� j� :%3I �5�&B
Q65 #�"�I !&N�- �� D,F7 1�!�5 )10�4 D
!�B ���2�< #�8"�

� �! ���6/3	 )��F7 �?-&
- �5�67�y)���� (��y���.
]y[� #1 ,FK.�"1�!�`5 )1`0�4 D` 	�� r�` >�F*�� �`9��@�

 ̀I !&`N�- ?"! �� D,F7#�"�"�?�`
�( �1`7�- �`5�67��; �`���
.%/0 )12,�-� ��"&8�7 �'96: )�+,�-� �� �!)����.(

[8] Wilmsen M., Fursich F., Emami K., Majidifard 
M., Taheri J., "The Cimmerian Orogeny in 
northern Iran: tectono-stratigraphic evidence from 
the foreland", Terra Nova 21 (2009) 211–218. 

]p[��6 �h .V.. ?� 4��: �.��F5�4 �.�"Q65 � �! ��5�67 �F ̀ 7
 �`6 l )�+
�K "L`@4 #!�̀ B�
� �`2
-� j�̀ 0�F'K- �'I�6̀ 7 )�%`> )1`66;

 )�l�-M8 16B #1 
%' �-&*)J%6K �"&8�̀ 7 �"�I (r�` >�F*�� &`B #18�̀ 7
��� � �
&F 5"�)��F7 �1��! �F 7%�$ �/H� z)���� (��������.

]�W[� �6 �h .V.. ?� 4��: �.. #�K �.� �F5�4 �.�"�F 7
 )�`l �-M`8 16B �
!�B �
-� �%	 M�$"&'( " �H65��,	��� �����

)�"&8�7 �"�I J%6K"(�)��F7 �#$%�"&'( ���6/3	 ��)���� (
������.

]��[! �GSB .. ?� 4��: �.� �F5�4 �.. R`Hn� �.. #�`K �.�"���`;
 � �! ��5�67 ( �5 " �F 7 D
-� �H65%>& �� �%`K%� D 	�� #�8

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                            12 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


1/K��)��F7 �z�?�'��! �������; �F 7 ��� � �! " �8�D
-� �'5� �H65��,	 #!�B�
� #�8. . .yy�

�0%FH� 16FK�� B �&N�� ��%*&*� #)�"&8�`7 �"�`I J%6K"(��`/H�
���; " �5�67�%/B )��F7 �?-&
- �5�67�)���� (�zy� �z�z.

[12] Hanski E., Mertanen S., Ramo T., Vuollo J., 
"Dyke swarms: Time markers of crustal evolution", 
Taylor & Francis Group (2006) London: 3–26. 

]�f[- �
-%� .. �-� �n��: �.J #1` H� �.�"� `�! �,`�� �`5�67
�:X]WWWW?-�%>��I "�� �! ?��!�5 ��%,; �5�67)�fup.(

]�Y[�'�S``5 �.[ �9	�``7 �.[ #1 9``5 �.[ ���``I�B�B �.�"�,``��
� �! �5�67�:�WWWWW ��B<1Fh- "�� `�! ?��!�`5 ��%,`; �`5�67

)�fuZ.(
[15] Gill R., "Igneous rocks and processes a practical 

guide", Department of Earth Sciences Royal Holloway 
University of London (2010) 472. 

]�v[� �F5�4.V #�� ��- �.[ #&8�o �.. ?� 4��: �.�"� 94%��6 l-
Q65 �'	�B R /n> " �'I�67 �,`U,>< �-%� ���,U,>< #�8����B%`5� 

V�N0 �"&8�7 �"�I E�F7 ���B<"a8"b`( �`/H� �" #��̀ +� �`6 l #�̀ 8
 E�5 ��5�67 J%5���)��F7 ���)���� (����z�.

[17] Best G., "Igneous and metamorphic petrology",
Blackwell Science (2003) 729. 
[18] Morimoto N., Fabrise J., Ferguson A., Ginzburg I. 
V., Ross M., Seifert F.A., Zussman J., Akoi K., 
Gottardi G., "Nomenclature of pyroxenes", American 
Mineralogist 173 (1988) 1123-1133. 

]�p[� #�%�.� #M
M0 �.? ?-&`F0 �-b�1 7� �.�"�`*b
" #�`8
 � �! " �
�F*�� ���–J%`6K �%;�`�" �
"&B�* )�%> �H65��,	 

��U'`̀ 5- �`̀ B �6n`̀ : �"�`̀ I " ��`̀ ;"& ( ���`̀ ; "� �F `̀ 7 !- )
!S;%
$S("�)��F`7 �#$%`�"&'( ���6/3	 XY)�fpY (��f��

�]W.
]XW[! �
��5 .[ ?�
�"-� �.? ?� ��N7 �.. #�-1
�( �.�"�'	�` 8�

 �*b
" &B )1�!�`5 #�F*�� #�8 &`B � `FI E�F`7 #�`8"&B�* #
�
�( ��`;"& (%6 /; �
�` ��; �F 7 #"" �`5�67 �%`/B �`/H� �

7 ���; )��F7 �?-&
- �5�6f)�fpY (�]ff�]YY.
[21] Schweitzer E. L., Papike J. J., Bence A. E., 
"Statistical analysis of clinopyroxenes from deep sea 
basalts", American Mineralogist 64 (1979) 501-513. 
[22] Deer W.A., Howie R.A., Zussman J., "An 
introduction to the rock forming minerals", Longmans 
696 p, 2th editions, London (1992). 

[23] Yavuz F., "WinAmphcal: A Windows program 
for the IMA-04 amphibole classification." 
Geochemistry, Geophysics, Geosystems 8.1 (2007). 
[24] Leak B.E.,Wooley A.R., Arps C.E.S., Birch 
W.D., Gilbert M.C., Grice J.D., Hawthorne F.C., 
Kato A., Kisch H.J., Krivovichev V.G., Linthout 
K., Laird J., Mandarino J.A., Maresch W.V., 
Nickel E.H., Rock N.M.S., Schumacher J.C., 
Smith D.C, Stephenson N.C.N., Ungaretti L., 
Whittaker J.W., youzhi G., "Nomenclature of 
amphiboles:Report of The subcommittee on 
amphiboles of the International Mineralogical 
Association,commission on new minerals and 
mineral names", The Canadian Mineralogist 
82(1997) 219-246.  
[25] Aparicio A., "Relationship between 
clinopyroxene composition and the formation 
environment of volcanic host rocks", IUP J Earth 
Sci (2010)4(3) 1-11. 
[26] Le Bas M.J., "The Role of Aluminium in 
Igneous Clinopyroxenes with Relation to Their 
Parentage", American Journal of Science 260(4) 
(1962) 267-288. 
[27] Shellnutt J. G., Lee T. Y., Yang C. C., Hu S. 
T., Wu J. C., Iizuka Y., "A mineralogical 
investigation of the Late Permian Doba gabbro, 
southern Chad: Constraints on the parental 
magma conditions and composition", Journal of 
African Earth Sciences 114 (2016) 13-20.  
[28] Leterrier J., Maury R. C., Thonon P., Girard D., Marchal 
M., "Clinopyroxene composition as a method of identification 
of the magmatic affinities of paleo-volcanic series", Earth and 
Planetary Science Letters 59(1) (1982) 139-154. 
[29] Nisbet E. G., Pearce J. A. "Clinopyroxene 

composition in mafic lavas from different tectonic 
settings", Contributions to mineralogy and 
petrology 63(2) (1977) 149-160. 

]fW[�7�& 7 ? )�-!.� #1F: �.�"�H65��� � �! #��7"� �B �
�67<
�H65��,	 � �! ""���,'�- �?��U:- )�+,�-� j-)�fZp (�pp.

[31] Yavuz F., "WinPyrox: A Windows program 
for pyroxene calculation classification and 
thermobarometry", American Mineralogist 98.7 
(2013): 1338-1359. 
[32] Aydin F., Thompson R. M., Karsli, O. Uchida 
H., Burt J. B., Downs R.T., "C2/c pyroxene 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

                            13 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html


�F'5�?-"�; ��F5�4 �#�%3h#&7�N� ��
�A� �Q��� ?-&
- �5�67 ���; " �5�67�%/B �/H� yyz

phenocrysts from three potassic series in the 
Neogene alkaline volcanics, NE Turkey: their 
crystal chemistry with petrogenetic significance as 
an indicator of P–T conditions", Contributions to 
Mineralogy and Petrology 158 (2009) 131-146. 
[33] Putirka K. D., "Thermometers and barometers 
for volcanic systems", Reviews in Mineralogy and 
Geochemistry 69.1 (2008) 61-120. 
[34] Nimis P., Taylor W.R., "Single clinopyroxene 
thermobarometry for garnet peridotites. Part I. 
Calibration and testing of a Cr-in-Cpx barometrer 
and an enstatite-in-Cpx thermometer",
Contributions to Mineralogy and Petrolgy 139 
(2000) 541-554. 

[35] Soesoo A., "A multivariate statistical analysis of 
clinopyroxene composition: empirical coordinates for the 
crystallisation PT-estimations", Geological Society of 
Sweden (Geologiska Föreningen) 119 (1997): 55-60. 

]fv[� #1 ,FK.�"#�81`N6* M`�$"&'( " �F 7%�$ �#$%�"&'(
 �-"MN5 �� '7�B E�F7 �' ;-�<"?�`
�( �)12,`�-� �#&`';� �`���

.%/0 ��"&8�7 �'96: )�+,�-� �� �!)���z.(
[37] Motaghi K., Tatar M., Shomali Z. H., Kaviani K., 
Priestley K., "High resolution image of uppermost 
mantle beneath NE Iran continental collision zone",
Physics of the Earth and Planetary Interiors 208 (2012) 
38-49. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

5.
4.

76
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

1-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.29252/ijcm.25.4.761
http://ijcm.ir/article-1-994-fa.html
http://www.tcpdf.org

