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

�����  	
���
÷

���" �#$% &' (��)*+' ,$-� � .$/�0 ,�'1% 2$$30 �� ��2$�&�*4�+ 50�'6"���6�� ���)
� 7��
)8�#%��1$9 :1; <=��1" =�*+'(

=�$��#>� ?@�&���AB �C1�D; �*��6  7A#>' A$#> �E�*+6  A#-� ��

�<�' �F�GH�A@I �=�J5�1� (�K��'� �	��  L6MH (A/��'� ��+�@% 2$�& (�1J='1 
E<='1�' �=��1" �=��1" 1@��I A$�% (�K��'� �	��  L6MH (A/��'� ��+�@% 2$�& (�1J 

(A$/N :=��1" =�*+' O1% :6@9 �� ���)
� 7A$P6*$�'1J 	H6#Q�86R 2$I �� ����$�'1S9 7�� ˊT�˚���0ˊ��˚��U1H �7��
���$�'1S9 ˊ��˚E��0ˊ��˚EV�+' WB'� .6*$�'1J 	H6#Q� 2�' 7A$PY@+ .��%��$�'1J 7�� 6�'1J50�'6" ����6�� ���6�� � ���6��

�+' �� �	G
50�'6" ?$"10 ?M;' �����'� �*��6�� .A$P6*$�'1J �MZ' ���I	�'� �� 7'�+' ���" .��% ��86G$)�[ �&D"6�\D  �50�'6" 7��
]�^+AM� � �$06$I � A@*����G��$� 7��	�'�5��7'[ �� 5$� _$�����'� �69� ���.(�'�	`�� 	�5Q0 &' (A�[ �+� 	I 7�� 	" �'� =��� 7'

&D"6�\D ]�^+AM� � A@*�� 2�&A�[ �� 7�����$MBA��'� &D"60�' ?$"10 �.�$06$I �G�� �I ��Fe/Fe+Mg &' a$IT/T�1#MB �� �
�$06$I�� �'1B b�5$@� &' �@; 7��A�1$J.86G$)�[ �� &' �#$�M" c6�A@*�� �?$"106�5@K��� =��� 	" A��'� A@MG��6� A�� 	"

 ����[ =�I5$� 7�#J�� &'A$P6*$�'1J c6� 7��I�+' (�6I .��'�'1�b"Na2O86G$)�[ �� �$��� ������$MB �/�[ 7d�I �JA�5�1J � �
=��� =�$�"' ��A�� ���[ 	" 	*�I'� ���'��1� ,$-� 	IA@*�� �	*%6J 7�#J��?$"10 � 7'7�� 	*+6  a�'A$  �� 7' 7�#J��

���[ =�I5$� 	*%'� �"����A�'.�+�1I��� 2$�& 7��<'� A@MG��6� �6MG0 ���� 2$K��$� �Q@+ �����/��6MG0 7��� 2$K��$� � ��I6M$"
 '� =[e�� �� ���[1I �'1J �*��+ 	9��A@".

(\'�7A$M" 7��:���)
� A$P6*$�'1Jf���" �#$%f��� 2$�& <����Q@+�f��1$9f�/�[���$MB.

	�A�� 
B1% :6@9 a�I�	$���' ���#J�� A@I1#" <�� WB'� 1*4�

 bQ> 2�1*�$I 	" =��1" =�*+'���#J�� �$
�3� '���'� L�� 	I
 �'6�����)�0[<7g6)� 2��g[ h��<�� 	*4�@% 	$P����+�6% .

�'6� 2�' ���	H6#Q��'� �69� �)M*�� 7A$P6*$�'1J 7���	" A
	I��A$P6*$�'1J 	H6#Q� (�1J 8�G9 � h@  (6" i#H b" 7��

�� b$��0 &��I A�6%]�[.�+�1I 7�� Y@+ �#$% 1I 2$�$ 
(�60 &' 7�'A30 ."=��� �'6� 2�' �� �696� A$P6*$�'1J 7��

�'�	" �+' (A$P6*$�'1J 2�' c6� &' ��I�	*�I'� 71+ 	I
 ���#J���/�[���$MB A@*�� ]E�T[.A$P6*$�'1J ��6� 7��

a���  2�' �� �+�1I Aj�6*$�'1J c6� &' &��I 8�G9 7��A@*��.

a��� 7�� (�'� =��� kM*��A�' ���� ���[1I 	" <� ���
+ �� =�$�"' �JA�5�1J	����(��� �$#�' 2��g[ 7�� �� 7'

 l$��0(�K*+�4 �#J�� �6MG0 � �63Z ,�'1% m�� �7��
 ��'� ���[ (A�&�+]�[.�Q�[ &' 	"���� � ��� ,�'1% =6@"�0

 �6MG050�'6"���6��7�� � ���)
���I��" �� ���[ 2$$30
=[ (�K*+�4���J��� a���  2�' �� ��+' (A�� �+�1I �7��

 ?$"10 � �*��I���" ���$#$% � 86G$)�[ ��$06$I 7��
���" ='6@H 	I �&D"6�\D  ,�'1% 2$$30 �� 	" �#�� 7��
 2$@n#� � �/$��@��6�102$�& (�K��9 ���[ �
�#*>' �*4�+

 A@*�� A@#%&�'���+�@% �1J�A.(�60 7d�I bQ> 7��
 �'6� �� 7A$P6*$�'1J����)�0[ <7g6)� 2��g[ h��<� 	$P����+ 

∗2)M0 �86j�� (A@��6� :�V���TV�E��1I�#� �:��eTT����T��/$��1*/
' ��  �:ghadami@hormozgan.ac.ir  

8�+b/� � �+ o��#% �L�� �=�*�I�0���Ep-)Z &' �qqr �0qsq

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             1 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


ET� �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

2$�& �$#�' 2$@n#� �A@#%&�' 1��4g �69� �I ���[ t�G0�' -
(�60 2�' (A�&�+ ���#J�� 7���'A4� �/$��@�� 2�' ]��1C ���

�� '� a��� �+' (�1" ='A@N.

	�`@� �+�@% 2$�& 
�� ���)
� 7A$P6*$�'1J (�60����1$9 :1; 8�#% 71*�6M$"

6R 2$I �� �886R 7�����$�'1S9 7�� ˊT�˚���0ˊ��˚
�� U1H ����$�'1S9 7��ˊ��˚E��0ˊ��˚EV=�*+' �� �

��'� �'1B =��1" �='1�' �+�@% 2$�& ]�#$��0 1u� &'�&'
	$���' ���#J�� A@I1#" <h�� �'6� � 1*4�<:6�-� 	$P����+

�� �6%]�[../% �� �2$�& 	��� ��6� 	�`@� �+�@%�+�1I 
��(A% (�'� =� �+' ]��e[.7g6)� (�60(�1I L�� 1u� &'

 _� 7��*4�+=6J O�R 8�#% �6-� �I�I1;<:6@9�B1% 
(�6I :6@9 �#+ 	I 	"(�1" .$� �+'.

a���  v�� 
Y@+ �+�1I �6u@� 	I��'1-Z A��&�I &' w  �	�`@� 7�� �

A>'� &' 7�'�1I 	�6#� �'A30 �(A% ��� 7��E�� W`�� 	�6#�
+ m&��A��1J 	$�0 �K@ .�+�1I &' w  �� 6/+�1/$� 7��

 W`�� 	$�0 7'1I ���+1J� ='5$� 2�1*#" �I 	�6#� 7�'A30
���" �#$% 2$$30 � �M�$Z m&��A�A% (A�5J1I �� .7g6)� 7��

7'1I �+�1I ��6� ���" �#$% 2$$30 &D"6�\D  7��)�e
	`��(��^+AM� ����$MB)T	`��(86G$)�[ �)�e	`�� (I ��$06$

)�	`�� ((A�&'�1  5�� _� �I 2 '\ 7�0�J���� (�K��'� ��
 ���1*/
'JEOL-HX 8600 M \�*
� �I 15kV  =��19 �
�/�1*/
'20nA	`�� 	�5Q0A�A% 7' .=6$0�" 	G+�-� � ��

��^+AM� �&D"6�\D  7��*4�+ 86�1� �$06GI � 86G$)�[ ����$MB
 F�+' 1I ?$010 	I����ET�EE=�$�"' A% L�Q�'.

./% �k
' (	$���' A@I1#" � �+�1I ��6� 	�`@� �$3B6�<: ='1�' �� 1*4� (	��� (A% (��+�+�@% 2$�& ��+�1I ��6� 	�`@�	*�1J1I &'
	����+�@% 2$�& 7�� �:E����� bI]e��[.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             2 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .ET� 

��'1-Z ,I'�� 
(A% b$��0 a�I �� 	I ���)
� .�J ,+60 1u� ��6� (�60

 �+')./%�(.�./% �x$I �G�1�0 �B1% =6#@4 �+' 1`B �
�� =[ A@MI7�*+'� :1; 8�#% <�'1B O1% :6@9	*%'� �E�

��A> =[ �M" �>��� � ��'� 86R1*�6M$"E�� WI1� 1*�6M$"
�+' .��A> �*>��� 5$� �I1; =6#@4���� WI1� 1*�6M$"
��'� .=��� 	I a�I �� 1�Y@+ ����)�0[ 7��)2+6P' 2+ 	I

�@$�� <$���� (��&A�[ ?
�; ?$"10 �I ��&A�[ � �
'&�I ��
'&�I
Y@+ �6K$
' 2+ � (�1" g6)� 	*�I'� 7�'�[�g[ 7�� <'� 2+6$�
=[ 7'1I��	*�1J 1u� �� A�']���[)./%Ek
'(.��6� 	�`@�
�+�1I .�J � (�6I 	*��J � 	*�/% ��$�I 7��*4�+ 1u� &'

��[ �69� 	I 5$� '� ���)
� (�� 	" ���)
�	4�% ('1#� 	I (� 7��
�K*�/% yH�I =[ �H1�(&�� � �� (A% ='�'1� 7�� �+')./%

E:(�&'2�'��&1� &' 7��$�I �A>'� 7����	�`@� 7�M�J
 A@*��)./%Ez(.Y@+ 1u� &' 	H6#Q� ��+�@%

a�I �� .��% ���)
� 7A$P6*$�'1J Y@+ .��% 75"1� 7�� 

� �*$�'1J	G
�+' 7' ?
�;
 a�I	G7'50�'6" ���6���+' �
6�'1J � ���6�� ��'�� (A�� =[ �� 5$� ���6���6% .�x3I ��

50�'6" �t������6�����6�� � ��(�60 ]�6Z 	I �� '5Q� 7��
�� (A��&1� 	" A�6% ���[ �+' �M�J �*$�'1J a�I �I)./%

Ez.((�60 2�' �>��� 	I ���J '5Q� 7���WI1� 1*�6M$"
�� � A+�'' =6�'1$  a���  2�a�I 2��+��.

Y@+7��K� 
Y@+ �I � A@*�� 2��6MI L�#0 �*+� 	�6#� �� 1u� ��6� 7��

 �0 2%�� 71*�"�4 Y�� � 2%�� 	#$� �K�� l4�%
�� l��� (1$0 71*�"�4 A�6%)./%E].(l4�% ���I

	�'� ���[=��#��� 7' �+' 	�'�)./%Tk
'(���" .��% �7��
D"6�\D  �MZ']�^+AM� ��$06$I �86G$)�[ �& 50�'6" � ���$MB

A@*�� .	�6#� �x3I ��	G
 &' �(A% �%'�1I 7��(�60 7�� ���
�� (A�� 71$��6  ���I�6MI =[ �� 	" �6% �%�� 7��

 &D"6�\D )�0 (&'A�' �I�1*#$M$� (	@$�& _� �� 86G$)�[ �
	�'�5��06$I � &60�' �50�'6" �&D"6�\D  .��% 10A@*�� WB'� �$.

./%Ek
' (: ��+�1I ��6� 	�`@� &' �M" 7�#�(�K*�/% (&�� � ��='�'1� 7�� (�60 �� ���)
� .�J &' (A�[1Iz f�+�1I ��6� 7�� (&' ���#�
A>'�50�'6" 7��(�60 �I ��@" �� �+�1I ��6� 	�`@� �*��6��] f�*$�'1J 7�� (	�6#� �� 2��6MI L�#0 �4�+��6� 7�� �+�1I.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             3 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


ETE �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

./%Tk
' (	�'� ���I���" �6x> �I 	�'� =��#��� 7' 7�� 7A@I 	�`@� � ����A@N ."�� �I &D"6�\D <�$06$I<50�'6" 50�'6" �����6�� f�� 
:(�6MI =A% 	*)J1I�� �� 76$"� '� �*�[ ���I]�^+AM� �I &D"6�\D  7�� ���$MB50�'6"�����6������)
� 7�� z(�6MI��$06$I 7� <�� 50�'6"

50�'6"]�6��] f�+�1I ��6� 7�� (�6MI 86G$)�[ 7��<&D"6�\D <]�^+AM�b$+�*  <50�'6" �� 50�'6"]�6�� ��)�WR��*� (A$G`B �6� �� 1���{0 	#�
xpl (A% 	$�0A�' .( 

���" � 2)+' �2"1�& ��$0� [ �2�"�1$ 6@$M" 	I �A" 7��
�� �H1� ]�6Z Y@+ 2�'���'� �69��A.2�' �� &D"6�\D 

Y@+ '� Y@+ bQ> 2�1*�$I ��(A% .��% �'A�� �=[2$I
�� �0���� 1$$S0 �#Q> AZ��A@" .���" 2�' ]�6Z 	I

./%./% 	#$� �0 �'� =[ (&'A�' � (A% (A�� �'��0�1*#$M$�
��A+� .��&D"6�\D  ����A@N '�	*% �6MI �F�+' 1I ���[ 7��

(�'�7�� 	`�� 	�5Q0 �����'1Id ���J � 2�&A�[ ?$"10 7'
A��'� .	�`@� ���[ &' �41I�� =��� 7A@I ���I �41I �� � A@��
�*�[ =�#� �� 76$"� '�	*�1J1I �� �6MI =A%I &D"6�\D  7���

]�^+AM����$MB (A�� ��6%�)./%Tk
'.(�6MI �I 50�'6" 7��
I � A@*�� ./%]�6Z 	� �0 	�'�5���6MI 2$I 7�x� 	�'� =�$-

(�1" 1  '� 1K�� 7��A�' .���[�K*�/% 7�� 7��$�I � A��'�
�� =��� �96� �%6��4 5$� 7�'A30A@�� .�� 50�'6" �'A��

	�6#�50�'6" 7�� 2$I �*��6����0�T	�6#� �� � AZ�� 7��
6�'1J 2$I 	�`@� �*��6��E��0E��� 1$$S0 �#Q> AZ��-
A@")./%Tk
'(.��^+AM� b$+�* ���0���#Q> AZ��

Y@+ ��6� 7���+�1I '�(�'� .$/�0 �/� ./% �� 	I �
=6�'1$  �6MI�'6� ]�6Z 	I �&D"6�\D  7�� _���I 7��)���I

�*�[76$"� '� (�6MI ]�6Z 	I 71K�� �_N6" 7��)I�0 (&'A�' �

E1*#$M$� (�6MI 2$I �� ./% �I �?M;' � 1K�� 7�� �I
1J� �*$��1+ ���+�� (A�� �6%)./%T:.((&'A�' �I �$06$I

�0 T./% ]�6Z 	I 1*#$M$�./% 	#$� �0 �'� �K�� A@N �I � �'�
(6�B�� (A�� 7' .��% � �6%��G��$�����&'���" � �A" 7��

 2"1�&	" �+' ��A>��Y@+ 2�' AZ��	*4�+ '� ��A�' .	*G
'
���" 2�'�� '� �� ='60 	I�6Z 	�6��| ]=6�'1$  �6MI 7��

�K*�/% .-� �� �� 86G$)�[ 5$� ���[ 7��(A�� �1")./%T
z.(./% ]�6Z 	I 86G$)�[ ���"./% 	#$� �0 �'��'� ����

c6� 	$
�')6�5@K�A@MG��6� (	�6��| �)�$
6@$*"' (�� (A�� �6%
 ��K��A@N ��'� 5G+ .6�'1J �� =[ �'A�����6�� ��	I��AZ��
�50�'6" �����6�� ��	IE��� �#Q> AZ��A+�.=[ (&'A�'
�0 �1*#$M$��+' �� =��� ���0�� ."�� �A�� .2�' &' �41I

���"(��@" &' ���K*�/% .-� &' � �� 	I .�AG0 8�> �� ��
 �$06$IA@*�� )./%T].(��G��$� 7��	�'�5��7'�1J _$���

 1`B �I 76x$I ����� 5$� 1*#$M$�Y@+ 2�'�� (A�� �� � A�6%
�6MI .��%&D"6�\D  5�� 7������" � 86G$)�[A@*�� �A" 7�� .

2�'��G��$� ��	G
7�� � l��� 5$0" � A��'�#_$��� �&' 10
Y@+ =�I5$� 7��A@*�� )./%�.(

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             4 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .ETT 

./%���G��$�	�'�5�� 7��50�'6" �� 76x$I �� �1J _$��� 7'���6��+�1I ��6� 7���.

���" �#$%��
��^+AM� 

7g6)� (�60 ��M� ���" 2�1*�'�'1� ���" 2�'50�'6" ���6��
 ���)
��+' 	I �$G
[ ?`B �� 2$I '� 7A��9 86M-� 71+ 	"

 86�1�NaAlSi3O886�1� 	I �$0�6�[ �CaAl2Si2O8

�� .$/�0A�� .	�5Q0 h��*��%&'�1 5�� ���" 2�' 8�A9 �� ��
�(���[ (A% �+'0 ��^+AM� _$/)0 �'�6#� �� ���[ ?$"1���
]V[�� =������" 2�' 	" A�� �����  ?$"10 �I ��An 44.73 �

Or 0.72 �Ab54.54 ��(1*�J �'1B 2�&A�[A��'� )./%�k
'.(

	�5Q0 h��*��%&'�1 5�� ]�^+AM� 7�����$MB 8�A9 ���	P'�'
�+' (A% .���" 2�' �$0�6�[ �'A�� �F�+' 2�' 1I ��$�I ��

 2$�� �+' �� 	��  1I ���0 	+ �'�6#Ab-Or-An ]V[��
(1*�J �'1B &D"60�'A��'� .���" 2�' �����  (A�&�+ ?$"10 	I ��

 ]�6ZAn 0.20 �Or 94.01 �Ab5.78 �+' )./%�k
'.(I	��  1
�^+AM� �#$%��� ��� ��� ='60 ���" 2�' ����(�60 �� �� 7��

 7g6)�50�'6"6����� ��6��+�1I '��1" 2$$30 .F�+' 1I
 ./%�&' 1*#" ���[ .$/�0 7��� �:��� �'1J �*��+ 	9��

�+' (A% 2$$30 ]��[.

8�A9�	`�� 	�5Q0 h��*�&D"6�\D  &' 7�'A30 7']�^+AM� � ��50�'6" ���$MB 7�����6�� ��&� AZ�� ?�>1I �+�1I ��6� 7��)86�1�
 	��  1I 7��*4�+�'=�$�".(

&D"6�\D ]�^+AM����$MB
	�6#� � �E �V E� �e e� �T� �e ��e �EE
SiO2 T�/�e �T/�V �E/�� Ve/�V �V/�� VT/�� ��/�V e�/e� VV/ee ��/ee
TiO2 ��/� �T/� �E/� ��/� �e/� ��/� ��/� ��/� ��/� ��/�
Al2O3 ��/E� T�/E� EV/E� T�/Ee �T/E� e�/E� ET/E� �V/�� ��/�� V�/��
FeO ��/� ��/� �e/� ��/� TE/� �T/� E�/� T�/� �V/� ��/�
MnO ��/� ��/� �T/� ��/� ��/� ��/� �e/� ��/� ��/� ��/�
MgO �E/� ��/� ��/� ��/� ��/� ��/� �E/� ��/� ��/� ��/�
CaO V�/�� T�/V ��/V e�/� ��/V E�/V ��/V ��/� ��/� ��/�
Na2O T�/� �T/e ��/� ��/e �V/� �e/e ��/e E�/� V�/� �e/�
K2O ��/� ��/� ��/� ��/� ��/� �V/� E�/� E�/�� ��/�� E�/��
c6#Q� �e/��� ��/��E ��/��� V�/��� eV/��� ��/��E ��/��E �E/��� ��/��� ��/��E
Si �VT/E ��V/E ���/E eTT/E �e�/E ��T/E ���/E ���/T �Ee/T ��V/T
Al ���/� ��E/� �E�/� TeT/� �E�/� �E�/� ���/� Ve�/� V�E/� V��/�
Ti ���/� ���/� ���/� ���/� ��E/� ��E/� ���/� ���/� ���/� ���/�
Fe ���/� ��T/� ��e/� ���/� ��E/� ���/� ��V/� ��T/� ��T/� ��T/�
Mn ��T/� ���/� ���/� ���/� ���/� ���/� ��E/� ��E/� ���/� ��E/�
Mg ���/� ���/� ���/� ���/� ��E/� ���/� ���/� ���/� ���/� ���/�
Ca ���/� �T�/� ���/� ���/� ��V/� �T�/� �E�/� ��E/� ��T/� ���/�
Na �e�/� �E�/� �VV/� ���/� �V�/� ���/� �E�/� �ET/� ��e/� ���/�
K ���/� ���/� ���/� ���/� ���/� ���/� ��e/� ��e/� ��E/� �T�/�
Or TV�/� TV�/� ��V/� �eV/� T�E/� ���/� e��/� ��V/V� ���/V� EV�/V�
Ab V�e/�e �e�/�� ���/�E ��E/�� ���/�� �E�/�� �Ve/�� EV�/E �VV/V e�T/�
An eeT/�E ��E/�� �T�/�� E�V/�V V��/�� e��/�T �VT/�� E��/� T��/� ���/�

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             5 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


ET� �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

./% �k
' (��^+AM� 7A@I (�� �'�6#� �+�1I ��6� 7��]V[:(��^+AM� �G�1�0 ���� � ��� 2$$30 �'�6#� �+�1I ��6� 7��]��[.

�$06$I 
���" 	M#9 &' �$06$I 2�[ �MZ' 7��b�5$@� �(�60 �� �'�

50�'6"���6�� ���)
��+' .	�5Q0 h��*��%&'�1 5�� ���" 2�' ��
 8�A9 ��E(���[ �+' (A% .Y@+ �� �$06$I ?$"10 7��

7A$P6*$�'1J 	I 	*�I'� � ���� 7�#J�� ?$"10�JA�5�1J 
=�$�"']����E[:'}� 7��� �]�T[=�I5$� Y@+ (�K*+�4 �

]�����[�+' .06$I �6x>Y@+ �� �$ ��6� 7���+�1I =��� 

���� 7�#J�� �� :[ ���I ���� =�6I d�I (A@���+' .7'1I 
�/$� ���(�� 7A@I��'� �69� ��6J��6J 7��.='��/#� � 1�� ]V[
�/$� 1$S*� �� 	��  1I '� ��Fe/Fe+Mg �Al IV (�1J ���N 	I �

(�1" b$��0 �$�6*��' � �$ 6J6M� ��$M$���A$+ ��$�['A�.1I
2�'F�+'��/$� ?$"10 ��6� 7���+�1I � �$�[ ?`B �� 2$I �

�I � �$�[ ?`B 	I _��5� � �$M$���A$+Fe/Fe+Mg> 3.3 �
��(1*�J �'1B �$06$I��'� )./%ek
'.(

8�A9E	`�� 	�5Q0 h��*��$06$I &' 7�'A30 7'50�'6" �� �����6�� ��&� AZ�� ?�>1I �+�1I ��6� 7��)86�1� 	��  1I ���[ 7��*4�+EE
=�$�"'(

	�6#� �V Te �V �
SiO2 ��/T�  EE/TV  T�/TV  ��/��  

TiO2 V�/� E�/T E�/� ��/�
Al2O3 Ee/��  ��/��  ��/�T  �V/�T  
FeO ��/��  VV/��  ��/��  ��/�T  

MnO ��/� T�/� ��/� ��/�
MgO ��/��  e�/��  e�/��  V�/��  

CaO E�/� ��/� ��/� �e/�
Na2O ��/� �E/� ��/� ��/�
K2O �E/� �V/� e�/� ��/V

c6#Q� ��/V�  �V/V�  ��/V�  ��/V�  

Si ���/� �TE/� e��/� �e�/�
AlIV E�e/E Ee�/E T�T/E ET�/E
AlVI T�e/� E�T/� �EE/� ��V/�
Ti E�V/� Te�/� �ee/� �Ee/�

Fe(II) �E�/� V��/� ���/� e��/�
Mn ���/� �T�/� ���/� ��E/�
Mg ���/T ��V/T TeE/T ���/T
Ca �T�/� ���/� ���/� ���/�
Na ���/� �TT/� �T�/� �T�/�
K e��/� ���/� �V�/� e��/�

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             6 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .ET� 

./%ek
' (�/$� �� �$ 6J6M� &' �$06$I _$/)0 �'�6#� �+�1I ��6� 7��]V[:(�/$� ���$#$% 7A@I (��50�'6" 7�����6�� �+�1I ��6� 7��
]�e[z f($06$I 7A@I (���	*��� �6MG0 &�I � 	�6��| �	$
�' 	*+� 	+ 	I ��f](�$06$I ���$#$% ?$"10 F�+'1I ���)
� ���#J�� 71+ 2$$30]��.[ 

2$@n#�	�� 1I �'�6#�Si  	I �G�� Fe/Fe+Mg ]�e[�
�$06$I ��6� 7���+�1I ��(1*�J �$06$Ib�5$@� 7�� �'1B �'�

A��'� )./%e:.(2�'1�' �6MG0 1K��$I A$�"' 	$
�' 2�[ 7��
 �$��*$0 ]�6Z 	I L6$��*$0 � �$*@K� ?
�B ���+' ]�e[�	I

�#J�� 2$@N �� 	" ?$010 2�' ��������� �'&[ � :[ 	�5Q0
 �JA% �@; 	I 1Q@� =\��A$� =A%	����+ �� =�$�"' &'-

��1J .L�K@� ��& �6MG0 �,$-� �� =�$�"' a�'5�' 	Q$*� ��
A$�"' 2�[ 7��)�$*@K� (&' W��� A@�'1� 2�' � (�'� ~� �%�G�'

 :'}� �� 2�[�/�[���$MB ���$06$I � ��1J &' �@; 7��
�� �6MG*� b�5$@� A�6%]�� <��[.��� 2�' &' 	H6#Q� �6x>

���"b�5$@� �$06$I 7��=��� �$��*$0 � �$*@K� ��'� (A@��
�JA�5�1J 	I�#J�� �� =�$�"' 7d�I �G���+]�V[.&'

���6+ x>���" ='6@H 	I �A@MG��6� ('1#� 	I �$06$I �6 7��
(�60 �� _$��� �MZ' ���6/+6� �6G� � ,+'�A> 7��
=��� ����J � ��&6
'A�[ ��A��50�'6" 	"���6�� ��6� 7��

�+�1I c6� &'IA@*��]E�[.
7'1I �$06$I l$��0�$06$I &' 	$
�' 7�� &' 	�6��| 7��

 ��M�� �'�6#�FeO-MgO- TiO2*100A% (��)*+']E�[.
�$06$I �'�6#� 2�'�$06$I &' '� ���#J�� 	$
�' 7�� �0 	" ����

 7A>&�I ��N� 8��30(A%�$06$I 5$� � A�'6� 7�� 'A9 �6��

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             7 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


ETe �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

��A@" .=�@N ./% �� 	"e�+' (A% (�'� =��� z��$06$I -
�� �696� 7��50�'6"���6�� ��6��+�1I ��(1*�J �$06$I-
� � 	$
�' 7�� �'1B ���#J�A��'� .2$@n#� 	#��$06$I 7��

 ��6��+�1I � 7'�'��'A� Al IV&' 1*#"�&' 	" (�6I�J��� -
7�� �$06$I ���#J�� 	$
�' 7���+' ]E�.[7'1I ,$-� 2$$30

�$06$I (A�&�+ 7�#J�� a�'A$  �'�6#� &' ��FeO 	I �G�� 
Al2O3]��[A% (��)*+' �)./%e].(2�' 1IF�+' 	#� �

	�6#� ��6� 7���+�1I ��(1*�J �$06$I 7���/�[���$MB 
�'1B ��'5�6" �>'6� A��'� 	" 2�' h��*� �I(A�[1I �#$% &'

	�6#� ." Y@+��'� ��'6�#� ��.

86G$)�[ 
86G$)�[./% 7��./% 	#$� �0 �'� 2�1*�'�'1� � 2�1*#�� &' �'�

���"(�60 �� 2�5$@��1� 7��50�'6" 7����6� ���6�� �+�1I 
A@*�� .	`�� 	�5Q0 h��*����" 2�' 7' 	��  1I ��ET� =�$�"'

�T 8�A9 �� ��6$0�"T�+' (A% 	P'�' .(�� F�+' 1I 7A@I
 W91�]EE[86G$)�[ ���6� 7���+�1I 86G$)�[ (�1J�� 7��

$�M"�#86G$)�[ (�1J 1�& �� �6�5@K� 7�� 7�'A30 � A@MG��6�
 �� ���+1J� 1|' 1I 5$�1*�J(�'1B �$
6@$*"'A��'� 	"7'1I ���

 �+' (A�� (��)*+' ���[ &' �Q@+���� �)./%7�� �� k
'
:.(	I���I ='1K����  &' 7��$�I]E��ET[86G$)�[ 7��

$�M"�#(�60 l4�% c6� 7g6)� 7��I�A@*�� �'A�� '1�&
CaO A$P6*$�'1J �� c6� 7��Id�I A$
60 	I 1Q@� � �+

�� A@MG��6�6%�]EE[.86G$)�[�� '� ��6J1J� � 2��g[ 7�� -
F�+' 1I ='60 ]'1$$S0=6$0�" 	H6#Q� 7��Na+K+Ca 

� 	I �G���'A� Si b� &' _$/)0 �6#�]E�[1I2�' �F�+'
86G$)�[ ��6� 7���+�1I ��(1*�J 86G$)�[ �'1B 2��g[ 7��

A��'� c'6�' &' �(A�[1I (A% 'A9 ��6J1J� A@�[1� &' A�')./%�
z.(=�5�' 2�' 1I���'A� Si86G$)�[ ��6� 7���+�1I �� �

(1*�JV/e�0�/�)2$K��$� �6R 	IT/�AZ�� (�� �'1B A�1$J
 	I 	"���I ='��/#� � _$
]EE[��'A�� 2�'Si 2��g[ 7��6J

86G$)�[ 2�' =�6I���+�� =��� ����� 7�#J�� 	" A��
Y@+%'� :[ ��960 .I�B �'A�� 	�`@� 7�� �+' 	*]Ee.[

86G$)�[���" 	M#9 &' ��I b�� 7��7'1 ,�'1% ���+�@%

 A@*�� �#J�� &' =�$�"' �JA�5�1J]E�[.	I=�$I 1K���
86G$)�[ �#$% 1I 71|6� a�� =�$�"' �JA�5�1J (��� 	I ��

$�M" c'6�'�#�=�$�"' �JA�5�1J a�'5�' �I 	" 7�6R 	I ���'�
�6MI &' (A% �6MG*� 86G$)�[ 7�� b�5$@� &' L�'A� �6R 	I �#J��
�@;�� 10 A�6%]�E[.=�@N 8�A9 �� 	" T�� (A����6% 

��&� AZ��Al2O3�TiO286G$)�[ �� ��6� 7���+�1I 
6�5@K� �6MG0 1K��$I ?$010 	I 	" (�6I 2$��  ���� �� A@MG��6�

 � 2$�� �JA�5�1J =�$�"' 7d�I�+' ]E�[.&'���6+�6x> 
���"�64 7�� �H1� ./%=6N Y@+ �� �$@#M�' � �$*@K� -

�����"' �G�� 	I 7�#J�� (A@�� =��� ���M� 7�� 
�+' ]EV[.=�@N �'�6#� �� 	"Fe/Fe+Mg 	I �G�� AlIV

]T�[�� (A���6% )./%�](86G$)�[ ���6� 7���+�1I ��
�'1B =�$�"' 7d�I �JA�5�1J �1#MBA��'� .�#J�� �I ����

' 7d�I �JA�5�1J&1� �� ?M;' =�$�"-)Z 7��	7�� '1K#�
(A�� ��A�6%]T�[.

�#J�� (�K*+�4 � �*4�+ 2$�& ,$-� 
86G$)�[	#$� 71+ 7�� �'A�� ���$MBTiO2�Na2O�Al2O3

A��'� ���$MB c'6�' 	I �G�� 71*#"]TE.[	�6#� �� ��6� 7��
 2$K��$� ��+�1INa2O�I 1I'1I0.64�MgO �I 1I'1I15.83�

TiO2�I 1I'1I0.76�Al2O3�I 1I'1I5.18�+' AZ�� .&'
86G$)�[ ���6+	#$� 7�� 7'�'� ���$MBTi �K�Na �Al 2$�� 

 A@*�� ���$MB 71+ 	I �G�� 710]TT[.�'�6#� �� 	" =�@N-
(1$S*� �� 7��MgO –TiO2�Al2O3-TiO2�Na2O-

TiO2]TE [./% �� 7����� (A�� z �: �k
'6#� �6%	���
	#$� (1*�J �� �� 2$�$  h��*� �I 2�' 	" A��'� �'1B ���$MB

 ��'� ��'6�#� &��I 8�G9 (�60 �� WB'� ." Y@+ �#$% ��6�
]E�T�[���" ���$#$% ?$"10 2$@n#� �� 86G$)�[ =6N ����

 (A�&�+ 7�#J�� (�K*+�4 l$��0 7'1I �I64 7�#@�'� A�'60
Y@+A%�I �+�1I ��6� 7�� .#� 	��  1I �'�6Al2O3	I �G��
TiO2]T�[86G$)�[ ?$"10 ��)2$K��$�Al2O3�I 1I'1I5.18

�TiO2�I 1I'1I0.76��&� AZ�� (7�#J�� �
�4� (A@�� =���
	*%6J?$"10 � 7'	*+6  7�� �+���[ a�'A$  �� 7')./%�

].(

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             8 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .ET� 

8�A9T	`�� 	�5Q0 h��*�86G$)�[ &' 7�'A30 7'50�'6" �� ���6������&� AZ�� ?�> 1I �+�1I ��6� 7��)	��  1I ���[ 7��*4�+ 86�1�ET
=�$�"'.(

	�6#� �� �T ��� �ET �T� ��� �� �� V� ��V
SiO2 VV/�� V�/�V �V/�V E�/�E ��/�� T�/�� ��/�� V�/�T ��/�� ��/��
TiO2 ��/� V�/� ��/� �e/� �e/� ��/� E�/� ET/� ��/� ��/�
Al2O3 ��/� TV/� ��/� ��/� �V/� VT/� E�/e TT/� ��/e TT/e
FeO ET/�� ��/�� E�/�E V�/�� �e/�� VV/�� �V/�E V�/� �V/�E ��/V
MnO �V/� Te/� T�/� �E/� �E/� ��/� ��/� �E/� �V/� e�/�
MgO �E/�e ��/�� ��/�� TT/�� �E/�� T�/�T VT/�� Te/�� ��/�e �e/��
CaO ��/�� e�/�� ��/�� T�/�� ��/�� �T/�� e�/�� V�/�� T�/�� Te/��
Na2O e�/� �T/� �E/� �V/� VV/� ��/� �E/� �V/� ��/� ee/�
K2O T�/� T�/� ��/� T�/� T�/� �T/� ��/� �E/� Te/� T�/�

c6#Q� T�/V� �V/V� �T/V� ��/VV ��/��� Ee/VV ��/VV ��/V� ��/VV TV/Ve
Si E��/� ���/� V�T/e T��/� Ee�/� ��T/� ��V/� �V�/� �V�/� E�e/�

Al(IV) ���/� V��/� �E�/� e��/� �Te/� ���/� V��/� E�V/� V��/� ���/�
Al(VI) E��/� E�E/� ���/� ���/� �EE/� ��E/� ���/� ��e/� ��V/� E��/�
Fe(III) �V�/� e��/� VV�/� ���/� V�E/� e�E/� �ee/� T��/� VV�/� �V�/�

Ti ��T/� ��T/� �E�/� ���/� ��V/� ���/� �T�/� �E�/� �V�/� ��T/�
Fe(II) ��T/� ���/� ��e/� e��/� �e�/� ���/� ��e/� �e�/� ���/� ��E/�
Mn ���/� ��T/� ���/� �V�/� �e�/� �ee/� ��e/� ��E/� ���/� ���/�
Mg �T�/T ���/T E��/T VV�/E ��V/T ��e/T T�T/T V��/T T��/T T��/T
Ca e�e/� �e�/� e�E/� ���/� e��/� ��E/� ���/� ���/� eV�/� ��E/�
Na �e�/� �VV/� EET/� E��/� Ee�/� EV�/� �V�/� ���/� �V�/� ��T/�
K ��e/� �e�/� ���/� ���/� �e�/� �V�/� ���/� ���/� �e�/� �eV/�

Mg/(Mg+Fe2+) �V/� �E/� ��/� ��/� ��/� ��/� �e/� ��/� �V/� �e/�
	�6#� �� �T ��� �ET �T� ��� �� �� V� ��V
SiO2 VV/�� V�/�V �V/�V E�/�E ��/�� T�/�� ��/�� V�/�T ��/�� ��/��
TiO2 ��/� V�/� ��/� �e/� �e/� ��/� E�/� ET/� ��/� ��/�
Al2O3 ��/� TV/� ��/� ��/� �V/� VT/� E�/e TT/� ��/e TT/e
FeO ET/�� ��/�� E�/�E V�/�� �e/�� VV/�� �V/�E V�/� �V/�E ��/V
MnO �V/� Te/� T�/� �E/� �E/� ��/� ��/� �E/� �V/� e�/�
MgO �E/�e ��/�� ��/�� TT/�� �E/�� T�/�T VT/�� Te/�� ��/�e �e/��
CaO ��/�� e�/�� ��/�� T�/�� ��/�� �T/�� e�/�� V�/�� T�/�� Te/��
Na2O e�/� �T/� �E/� �V/� VV/� ��/� �E/� �V/� ��/� ee/�
K2O T�/� T�/� ��/� T�/� T�/� �T/� ��/� �E/� Te/� T�/�

c6#Q� T�/V� �V/V� �T/V� ��/VV ��/��� Ee/VV ��/VV ��/V� ��/VV TV/Ve
Si E��/� ���/� V�T/e T��/� Ee�/� ��T/� ��V/� �V�/� �V�/� E�e/�

Al(IV) ���/� V��/� �E�/� e��/� �Te/� ���/� V��/� E�V/� V��/� ���/�
Al(VI) E��/� E�E/� ���/� ���/� �EE/� ��E/� ���/� ��e/� ��V/� E��/�
Fe(III) �V�/� e��/� VV�/� ���/� V�E/� e�E/� �ee/� T��/� VV�/� �V�/�

Ti ��T/� ��T/� �E�/� ���/� ��V/� ���/� �T�/� �E�/� �V�/� ��T/�
Fe(II) ��T/� ���/� ��e/� e��/� �e�/� ���/� ��e/� �e�/� ���/� ��E/�
Mn ���/� ��T/� ���/� �V�/� �e�/� �ee/� ��e/� ��E/� ���/� ���/�
Mg �T�/T ���/T E��/T VV�/E ��V/T ��e/T T�T/T V��/T T��/T T��/T
Ca e�e/� �e�/� e�E/� ���/� e��/� ��E/� ���/� ���/� eV�/� ��E/�
Na �e�/� �VV/� EET/� E��/� Ee�/� EV�/� �V�/� ���/� �V�/� ��T/�
K ��e/� �e�/� ���/� ���/� �e�/� �V�/� ���/� ���/� �e�/� �eV/�

Mg/(Mg+Fe2+) �V/� �E/� ��/� ��/� ��/� ��/� �e/� ��/� �V/� �e/�

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                             9 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


ET� �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

./% �: � k
' (86G$)�[ 7A@I (�� �M" 7���'�6#�]EE[fz(��6J1J� � 2��g[ 7��A@�'1� &' (A�[1I 86G$)�[ _$/)0]E�[f](���[1I �'�6#�
(�60 �� 86G$)�[ �6MG0 �R =�$�"' 7d�I �JA�5�1J (A@�� =��� 	" 86G$)�[ ?$"10 	��  1I =�$�"' �JA�5�1J �+' �+�1I ��6� 7��]T�[.

./%�k
'<:<z(86G$)�[ ���$#$% ?$"10 F�+' 1I ���#J�� 71+ 2$$30]TE[] f(�'�6#�Al2O3	I �G�� TiO2]T�[	"(A@�� =���
'6� ?$"10	*%6J �	*+6  �'6� �I 7'86G$)�[ .$/�0 �� 7'�+' �+�1I ��6� 7��.

�� 86G$)�[ ���$#$% ?$"10 &',$-� l$��0 7'1I ='60 -
2$�& 7�� &' ���'��1� ,$-� _$/)0 (��� 	I �kM*�� �*4�+

	-)Z =��� ,$-� �6#� (��)*+' 7']Te[.�'�6#� 

Na2O-SiO2]Te[,$-� _$/)0 7'1I��'��1� 7�� =��� � �
	-)ZA% ���@�$  7' .86G$)�[ �F�+' 2�' 1I 	I 	*�I'� 7��

 �'A�� 7'�'� ���'��1� ,$-�Na2O2$��  	I �G�� 710

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                            10 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .ETV 

86G$)�[	-)Z =��� 7��A@*�� 7' ../% �� 	" =�@NV(A��
��86G$)�[ ��6% ���'��1� ,$-� 	I 	*�I'� �+�1I ��6� 7��

A@*��.
�'A�� 	��  1I �Q@+����Al A@MG��6� �� 

���" 2�1*�I 7'1I���<Y@+ �� �Q@+ ���� 2��g[ 7��
�/�[���$MB86G$)�[ ���A@*�����" 2�' '1�& �(�60 	#� �� ��-
7���/�[���$MB �6MG*� 7A$+' � ,+'�A> 	N � 7&�I 	N
�� ���� (1*�J �� � A�6%��0ET7��� � ��I6M$"��� �0

���� �'A��  �'1J �*��+ 	9����A@*]E�[.I7'1 ���� 2$$30
IF�+'1 �86G$)�[ ?$"10 A��I 1�����Alt�AlVI 	G+�-�

A�6% ]T�[.�I �#$�*�� t�G0�' �A@MG��6� ." L6$@$�6
[ �'A��
(�60 71$K��9 i#H ��'� 7g6)� 7��]T�[7�6R 	I �	N 1� 	"

��'A� 	G+�-� i#H �A%�I 1*�$I 86G$)�[ �� �696� L6$@$�6
[
I 5$� (A% 1*�$�+' ]�E[.��� 2�' &' 7�'5I' L6$@$�6
[ �'A��
 ?+�@� 7'1I(�60 �@�5K��9 i#H 2$$30 7g6)� 7�� (�6I �

,I'�� �+' (A% 	P'�' F�+' 2�' 1I 5$� 7��$�I]T� <��.[
86G$)�[ 7�� 	*�I'�I	�'A�� a�'��1� iR�@�Na2O�

TiO2c'6�' 	I �G�� 71*#" 	*�I'�I	=��� ���" iR�@�
)Z	-A��'� 7']Te[.86G$)�[ �� ��� L6$@$�6
[ �'A�� ���

'� ��� �I �#$�*�� t�G0�' ��9� ���'A�� 	I �5$� �#J�� :[
 	*�I'��+' ]T�[Y@+ ���$#$% ?$"10 ��' �'1I ��'A@N 1|

 ��'A� 86G$)�[ 	/G% �� ��9� ��� L6$@$�6
[ �'A��]�E[�
� ���� 	" �+' �
�>�� 2�'$�6
[ �'A�� 1I 5$ ��9� ��� L6$@

1|' ��'� .=6$0�" �86G$)�[ ��*4�+ �� 2$@n#� ����=6N 
� ��� 	I �G�� �." L6$@$�6
[ � ��9���N L6$@$�6
[ �L6$��*$0

 	I �A@*�� F��> ����7�6R a�'5�' yH�I ��� a�'5�' 	"
��'A� 	I 1Q@� ���� a�'5�' � ��9���N L6$@$�6
[ � L6$��*$0

$"10 �� L6$@$�6
[ a�'5�'86G$)�[ ���$#$% ?�� �� �6%
]T�[.86G$)�[ 	" �Q�[ &'A$P6*$�'1J �� �696� 7�� �6R 	I ��

(�1*�J�� ��" 	I ���� 2$$30 7'1I 7' �Q@+���� �A���
86G$)�[(&'A�' F�+' 1I �� �� �696� L6$@$�6
[ �'A�� 71$J

�� L�Q�' A@MG��6��6% .F�+'1I �'�6#�AL 	I �G�� Ti ]��[
	�6#� ��6� 7���+�1I 86G$)�[ �1#MB �� �'1B ,+6*� ���� 7��
A��'� )./%��k
'.(F�+' 1I 2$@n#��'�6#� Altotal �G��

 	IFe/(Fe+Mg) ]TV[����� (1*�J��0T�� '� ��I6M$" ='60
86G$)�[ 7'1I50�'6" �� (A% .$/�0 7�����6���� ���)
� 7�� 

��1J 1u�)./%��:.(&'��6+ +' 1I �'�6#� F�Ti �G��
	I ALIV ]�E[�	I _��5� 7������ 7'1I �'1J �*��+ 	9��

86G$)�[ ��6� 7���+�1I A�[ �+� 	I)./%��z.(�Q�[ &' -
�$
6@$*"' 	"(A% ��Q�' 	�6��| ]'1$$S0 1|' �� ��� A�' 1|' 1I

A@�[1��� �69� 	I ��#Q�' ,4 1�& 7�� 7���� � ��� �$� �A@�[
���[ 7'1I A�� 	G+�-�.

2$�& ]�G+�-����" 1I �Q@+���� 2$�& � �Q@+��� 7��
Y@+ �� &D"6�\D  � 86G$)�[ ��6� 7���+�1I 	" �'� =���

���"Y@+ 2�' �� 1u� ��6� 7�� 7��� �� �� 2$K��$�e�� 
�*��+ 	9�� �'1J]�T[���� ���0E��I6M$"]T� <��[�]TV <

��[(A% �6MG*� A�')8�A9�.(IY@+ ���I 	I 	960 �2�' ���
�� ,�'1% 2�' ����� �6MG0 � 71$K��9 �$3B6� 1I iG`@� A�'60

(�60A%�I ��.

./%V86G$)�[ .$/�0 (A@�� =��� 	" �*4�+ 2$�& ,$-� _$/)0 �'�6#� �+' a�'��1� ,$-� �� �+�1I ��6� 7��]Te[.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                            11 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


E�� �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

./%��k
' (86G$)�[ .$/�0� �� �+�1I ��6� 7�� ,+6*� ���]��[: f(50�'6" .$/�0 ���� (1*�J���6�� �+�1I ��6� 7��]TV[z f(�'�6#�
86G$)�[ �G�1�0 7��� 2$$3050�'6" 7�����6�� �+�1I ��6� 7��]�E[

8�A9�50�'6" 7g6)� (�60 ���� � ��� 	G+�-����6��v�� 	I ���)
� 7��kM*�� 7��.
v���� ����)��I 6M$"(

�+' 1IA@MG��6� �� L6$@$�6
[ �'A�� F 	@$#" 	@$�$I ,+6*� 

[T�] V/� T/E �/�
[��] e/� E/E E/�
[��] e/� �/� �/�
[TV] �/� �/E �/E

���)�'1J �*��+(
[�T] ��� �E� e�� 

�%'�1I 
=��1" =�*+' O1% :6@9 �� ���)
� 7A$P6*$�'1J 	H6#Q� WB'�

�+' .Y@+ .��% 	H6#Q� 2�' 7���'1J�$6�'1J �����6��
50�'6" ���6�� � ���6���+' ���	G
50�'6" ?$"10 ?M;' ���-

��'� �*��6�� .Y@+ 2�' �MZ' ���I	�'� �� .��% � �+' 7'
���"]�^+AM� � �$06$I �86G$)�[ �50�'6" �&D"6�\D  7�� -

� A@*�� b$+�* ��G��$� 7��	�'�5��7'(A�� ���[ �� 5$� _$���
���6%.1IY@+ 2�' �." Y@+ �#$% F�+' �$��� ��

�/�[���$MB A$P6*$�'1J c6� &' �7��IA@*�� .(�'� 	�5Q0
	`��50�'6" (�60 7' �'� =��� ���6�� 	"&D"6�\D  7'�'� ��

]�^+AM� � 2�&A�[ ?$"10 b$+�*  7'�'� &D"60�' ?$"10 A@*��

 ��$06$I�$06$I �1#MB �� ��B b�5$@� &' �@; 7�� �'1 
A��'�.&'���6+ 86G$)�[ �#$�M" ��A@*�� ?$"10 �6�5@K�-

�� =��� 	" A��'� A@MG��6� A�� 	" c6� &' ���[ =�I5$� 7�#J��
I�+' .���" �#$% ��	*%6J 7�#J�� �
�4� (A@�� =��� � 7'

?$"10	*+6  7�� ���[ (A�&�+ 7�#J�� a�'A$  �� 7' _� ��
 ���'��1� ,$-��+' .�I�+�1I��� 2$�& <	��  1I �Q@+����
L6$@$�6
[ �'A�� A@MG��6� �6MG0 ���� 2$K��$� �/�� ��I6M$"

 '� �6MG0 7��� 2$K��$�e�� �� ���[1I �'1J �*��+ 	9���6%.

��'��AB 
���" � �+�@%�6MI 	MQ� L1*-� 2$
6j�� &' 	M$+6@�AI �+�@%

�� ��'��AB � 1/�0 L1*-� ='��'� 2$@n#� � ='1�'��1J.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                            12 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


AM9T�(��#% �E=�*�I�0 ����E ���" �#$% &' (��)*+'2$�& ,$-� � .$/�0 ,�'1% 2$$30 �� ���*4�+ . . .E�� 

W9'1� 
[1] Dimitrijevic M.D., "Sarduiyeh geological 

map: Iran Geological Survey ", scale 1:0000000, 
(1973). 
 [2] Behpour S., Moradian A., Ahmadipour H., 
"Application of amphibole and plagioclase mineral 
chemistry for studying of Jebal-E- Barez granitoid 
genesis and geothermobarometry (Kerman 
province, Bam)" Iranian Journal of 
Crystallography and Mineralogy 26(2017): 751-
766.
[3] Nazarinia A., Mortazavi M., Arvin M., Hu R., 
Zhao Ch., Poosti M.,"U-Pb zircon dating, Sr-Nd 
isotope and petrogenesis of Sarduiyeh granitoid in 
SE of the UDMA, Iran: implication for the source 
origin and magmatic evolution". International 
Geology Review. 62 (2020)13-14. 
[4] Davoudian D.A., “Mineral chemistry and PT 
conditions of crystallization of the granitoid 
plutons in the Zayandeh-Rood river area, shear 
zone of north of Shahrekord with special reference 
to magmatic epidote”, Iranian Journal of 
Crystallography and Mineralogy (2010). (In 
Persian).  
[5] Aghanabati S A., Eftekhar Nejad J., 
"Geological map of the Bam Sheet, scale 
1:250000", Iran Geological Survey and Mineral 
Exploration country, Tehran (1994). 
[6] Babakhani A., Alavi Naini M., "Geological 
map of the Sabzevaran Sheet, scale 1:250000",
Iran Geological Survey and Mineral Exploration 
country, Tehran (1992). 
[7] Dargahi S.,”Miocene post-collision magmatism 
in region between Sar Cheshmeh and Shahr 
Babak, southwestern Kerman: investigation of 
isotopic data petrogenetic analysis geodynamic 
model for granitoid bodies, and role of adakitic 
magmatism in development of copper 
mineralization”, PhD thesis, Shahid Bahonar 
University of Kerman (2007). 
[8] Hassanzadeh J., "Metallogenic and 
tectonomagmatic events in the SE sector of the 
Cenozoic active continental margin of Iran 
(Shahre Babak area, Kerman Province)". Ph.D. 
thesis, Univ of California, Los Angeles, 204p 
(1993). 
[9] Deer W. A., Howie R. A., Zussman J., "An 
introduction to the rock-forming minerals",
Longman Scientific & Technical Hong Kong, 
(1992). 
[10] Raasei P., "Feldspar thermometry: A valuable 
tool for deciphering the thermal history of 
granulite-facies rocks, as illustrated with 
metapelites from srilanka ", Canadian Mineralogist 
36 (1998) 67-86.   

[11] Partin E., Hewitt D. A., Wones D. R., 
"Quantification of ferric iron in biotite".
Geological Society American, American (1983). 
[12] Wones D.R., "Significance of the assemblage 
titanite+ magnetite+ quartz in granitic rock ",
American Mineralogist, 74 (1989) 744-749 . 
[13] Abbot R. N., Clarke, D. B., "Hypothetical 
liquidus relationships in the subsystem Al2 O3-
FeOMgO projected from quartz, alkali feldspar 
and plagioclase for (HO)<1". Canadian 
Mineralogist 17(1979)549-560. 
[14] Abdel- Rahman A. M., "Nature of biotites 
from alkaline, calc-alkaline and peraluminous 
magmas ", Journal of Petrology 35 (1994) 525-
541.
[15] Nachit H., "Contribution ale, tude 
analytiqueet experimental des biotite des 
granitoids Applications typologiques ", PhD thesis, 
De LUniversite, De Bretagne, Occidentale (1986).   
[16] Foster M. D., "Interpretation of the 
composition of trioctahedral micas", United States 
Geological Survey Professional Paper, 354-B 
(1960) 11-46. 
[17] Masoudi F., Jamshidi Badr M., "Biotite and 
Hornblende Composition Used to Investigate the 
Nature and Thermobarometry of Pichagchi Pluton, 
Northwest Sanandaj-Sirjan Metamorphic Belt, 
Iran", Journal of Sciences, Islamic Republic of 
Iran 19 (2008), 329-338.  
[18] Shabani A.A.T., Lalonde A.E., Whalen J., 
"Composition of biotite from granitic rocks of the 
Canadian Appalachian orogen: A potential 
tectonomagmatic indicator", The Canadian 
Mineralogist 41 (2003), 1381-1396.    
[19] Ishihara, S. "The magnetite-series and 
ilmenite series granitic rocks", Mining Geology 
27(1977): 293-305. 
[20] Stein E., Dietl C., "Hornblende 
thermobarometry of granitoids from the Central 
Odenwald (Germany) and their implications for 
the geotectonic development of Odenwald",
Mineralogy and Petrology, 72, 1-3, (2001) pp 
185207.
[21] Nachit H., Ibhi A., Abia E.H., Ohoud M.B., 
"Discrimination between primary   magmatic 
biotites, reequilibrated biotites and neoformed 
biotites", Geoscience 337 (2005) 1415-1420. 
[22] Leake B.E., Woolley A. R., Arps C. E., Birch 
W. D., Gilbert W. D., Grice J. D., Hawthorne F. 
C., Kato A., Kisch H. J., Krivovichev V. G.,  
"Report. Nomenclature of amphiboles: report of 
the subcommittee on amphiboles of the 
international mineralogical association 
commission on new minerals and mineral names",
Mineralogical magazine 61(1997) 295- 321.   

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

                            13 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html


E�E �*+6  ��6  7A#>' ���AB �=�$��#>� ='1�' �+�@% ���" � �+�@%�6MI 	MQ� 

[23] Chappell B. White A., "Two contrasting 
granite types ", Pacific geology 8 (1974) 173-174. 
 
[24] Clemens J. D., Wall V. J., "Origin and 
evolution of a peraluminous silicic ignimbrite 
suite: the Violet Town volcanics ", Contribution to 
Mineralogy and Petrology 88 (1984) 354-371. 
[25] Sial A. N., Ferreira V. P., Fallick A. E., 
Jeronimo M., Cruz M., "Amphibole-rich clots in 
Soltani A., Carr P. F., "Thermobarometry of Ca-
amphibole in a typical low- temperature I-type 
Wones D.R., "Mafic minerals as indicators of 
intensive variables in granitic magmas", Mineral 
Geology 31 (1981) 19-122. 
[26] Otten M.T., "The origin of brown hornblende 
in the Artfjallet gabbro and dolerites",
Contribution to Mineralogy and Petrology, 89 
(1984) 189-199. 
[27] Scaillet B., Evans B.W., "The 15 June 1991 
eruption of Mount Pinatubo. I. Phase equilibria 
and preeruption P-T-fo-fH2 o conditions of the 
dacite magma", Journal of Petrology 40 (1999) 
381-411. 
[28] Soltani A., Carr P. F., "Thermobarometry of 
Ca-amphibole in a typical low- temperature I-type 
granite from Kashmar, Iran ". Iran", Iranian 
Journal of Crystallography and Mineralogy 
1(2007) 47-54.   
[29] Helmy H., Ahmed A., El Mahallawi M., Ali 
S., "Pressure, temperature and oxygen fugacity 
conditions of calc-alkaline granitoids, Easter “, 
Contributions to Mineralogy and Petrology, 146 
(2004) 414-432 . 
 [30] Anderson J. L., Smith D. R., "The effects of 
temperature and on the Al-in-hornblende 
barometer", American Mineralogist 80(1995) 
549559.
[31] Ewart A., " A review of the mineralogy and 
chemistry of tertiary recent dacitic, latitic, rhyolitic 
and related salic volcanic rocks, In: Fred, B. (Ed), 
Trondhjemites, dacites, and related rocks", (1979).  
[32] Molina J., Scarrow J., Montero P.G., Bea F., 
"High-Ti amphibole as a petrogenetic indicator of 
magma chemistry: evidence for mildly alkali 
chybrid melts during evolution of Variscan basic– 
ultrabasic magmatism of Central Iberia",
Contribution to Mineralogy and Petrology, 158 
(2009) 69-98. 
[33] Jakeš P., White A.R., "Major and trace 
element abundances in volcanic rocks of orogenic 
areas", Geological Society of America Bulletin, 83 
(1972) 29-40. 

[34] Shafiei B., "Metallogenic model of Kerman 
porphyry copper belt and its exploratory 
approaches", Unpublished Ph. D. thesis, Shaheed 
Bahonar University of Kerman, Iran, (2008) p:257. 
[35] Jiang C.Y., An S.Y., "On chemical 
characteristics of calcic amohiboles from igneous 
rocks and their petrogenesis significance", Journal 
of Mineralogy and Petrology 3 (1984) 1-9. 
[36] Coltorti M., Bonadiman C., Faccini B., 
Grégoire M., O'Reilly S. Y., Powell W., 
"Amphiboles from suprasubduction and intraplate 
lithospheric mantle", Lithos, 99 (2007) 68- 84. 
[37] Ghodsi  M. H., Bomeri S., "Using of 
amphibole mineral chemistry for 
Geothermobarometry Bazman granitoid, southwest 
of Iran", Iranian Journal of Crystallography and 
Mineralogy, 3 (2015) 585-596. 
[38] Hammarstrom J.M., Zen E.A., "Aluminum in 
hornblende: an empirical igneous geobarometer",
American Mineralogist 71 (1986) 1297-1313. 
[39] Schmidt M.W., “Amphibole composition in 
tonalite as a function of pressure: an experimental 
calibration of the Al-in hornblende barometer”,
Contribution Mineralogy and Petrology, 110 
(1992) 304-310. 
[40] Vyhnal C.R., MC Sween H.Y., Jr., 
“Hornblende chemistry in southern Appalachian 
granitoids Implications for aluminum hornblende 
thermobarometry and magmatic epidote stability”, 
American Mineralogist, 76 (1991) 176-188. 
[41] Hynes A., "A comparison of amphiboles from 
medium and low pressure metabasites",
Contributions of Mineralogy and Petrology 81 
(1982) 119-125. 
[42] Helz R.T., "Phase relations of basalts in their 
melting ranges at P H2O= 5 kb. Part II. Melt 
compositions", Journal of Petrology, 17 (1976) 
139- 193.
[43] Colombi A., "Metamorphism et geochimie des 
roches mafiques des Alpes oust- centrales 
(Geoprofil viege Domonossola- Locarno)",
Memoires de Geologie, Lausanne, France (1989). 
[44] Hollister L.S., Grissom G.C., Peters E.K., 
Stowell H.H., and Sisson V.B., "Confirmation of 
the empirical correlation of Al in hornblende with 
pressure of solification of calc-alkaline plutons",
American Mineralogist 72 (1987) 231- 239. 
[45] Johnson M. C., Rutherford M. J. 
"Experimental calibration of the aluminum-in-
hornblende geobarometer with application to Long 
Valley caldera (California) volcanic rocks".
Geology 17(1989): 837841. 

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

22
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

2.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
20

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.61186/ijcm.31.2.229
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.2.5
https://ijcm.ir/article-1-1763-fa.html
http://www.tcpdf.org

