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190

Gh-88 Gh-88 Gh-88 Gh-14 Gh-14 Gh-64 Gh-64 Gh-04 Gh-04 Gh-24 Gh-24 Gh-10 Gh-51 Gh-51 Gh-48 Gh-45

A. N. 1b 1d 1g 1a 1d 1g 2d 2f 1a 1c 1a 1d 1a 1b 2c 1a 1d 1a 1e 

M"� I I I I I I II II I I III III III III III III III III III 

��!2 ,L�� 

SiO2 ��/�� ��/�� v�/�� ��/�� ��/�� ��/�� ��/�� �v/�� ��/�� ��/�� ��/�� �v/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� 

TiO2 ��/v ��/v ��/v ��/v v�/v ��/v ��/v �v/v v�/v v�/v v�/v vv/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v

Al2O3 ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� v�/�� v�/�� ��/�� v�/�� ��/�� ��/�� ��/�� 

Cr2O3 v�/v v�/v vv/v v�/v v�/v vv/v v�/v vv/v vv/v vv/v vv/v v�/v v�/v v�/v v�/v v�/v �v/v vv/v ��/v

FeO* ��/�v ��/�v ��/�� ��/� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� v�/�� ��/�� ��/�� ��/�� 

MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/v v�/� �v/v v�/� ��/v v�/� v�/� v�/� ��/�

MgO v�/v v�/v v�/v v�/v v�/v v�/v �v/v ��/v vv/v v�/v ��/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v ��/v

CaO ��/�� v�/�� ��/�� ��/�� vv/�� ��/�v v�/�� ��/�� ��/�v ��/�v v�/�� ��/�v v�/�� ��/�� ��/�� ��/�� vv/�� v�/�� ��/�v 

M".6� ��/�� ��/�� ��/�� ��/�� ��/�� �v/�� �v/�vv ��/�vv ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �v/�� ��/�� v�/�� ��/�� ��/�� 

�
�C  8 �H �"(=�<Wl�e(�<� ^=� 

Si ��/� ��/� ��/� v�/� vv/� v�/� ��/� ��/� ��/� ��/� ��/� v�/� v�/� v�/� vv/� v�/� vv/� v�/� v�/�

Ti v�/v v�/v v�/v v�/v vv/v v�/v v�/v v�/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v

Al ��/� ��/� �v/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� v�/�

Cr vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v v�/v vv/v v�/v

Fe3+ ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v

Fe2+ �v/v v�/v ��/v v�/v v�/v v�/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v vv/�

Mn ��/v ��/v �v/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v

Mg v�/v vv/v vv/v vv/v v�/v v�/v v�/v v�/v vv/v vv/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v

Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� v�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �v/� �v/�

M".6� v�/� v�/� v�/� ��/� vv/� ��/� v�/� v�/� v�/� v�/� ��/� ��/� ��/� ��/� �v/� ��/� ��/� �v/� ��/�

Grs ��/�v ��/�� ��/�� ��/�� ��/�� �v/�� v�/�� ��/�� ��/�� ��/�� ��/�v ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �v/�� v�/�v 

And ��/�� v�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v

Pyr vv/v vv/v vv/v ��/v �v/v ��/v vv/v vv/v vv/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v �v/v

Alm ��/� ��/� ��/� ��/� ��/� ��/� ��/� v�/�� ��/� ��/� ��/�� �v/�� ��/�� �v/�� ��/�v ��/�v v�/�� ��/�v ��/�� 

Sps v�/� ��/� �v/�v ��/� ��/� ��/� ��/�� ��/�� ��/� �v/� �v/� ��/� �v/� ��/� ��/� ��/� ��/� ��/� v�/�

 <�= :FeO*='HY I< M".6� ��HGrs = � �"72 3And = ��
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,��.�YSPs = �'(=���V7�S.N. = ���".� $��./A.N. =$,/ �
B6= ���� $��./.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

69
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             7 / 14

http://dx.doi.org/10.29252/ijcm.27.1.69
https://ijcm.ir/article-1-1226-fa.html


�.*+��8� �� �>"u� ��(��� 
� �7�E/ ���< 2 �7�E/�"*8 �*6� ��

!�� D�7 ���".� �
B6= ;(< = z
!"= �
�=���� >�H �F���3 �.< >�)�F�� ('�F<2 (C"E(*< 2)�(�F8 �Y ��F
��� 2 $2 F9 5(6�� F7 �F(O�� ��
���-7� ���S �&
��<� 2 �
�(O� ':�%E= >�H)Z 2 x(]llTlf[.

����3 �N���.(� (�*< �.)M"�II 2III ( �:
,F�� 3 ����3 �8
)M"�I(�F8 >?"F@� $�"F= !� �,/�2� �8 > F� � �F�NS �.F7

 �� bH�< bH�< �8 bH�< '
� 2 ,8�
��(�8 �� B=��"< �C�E>�H
����-7� .H $��7� )I-/>�H lx 2 ��� (.

���
��������:�
B6=EPMA !� '�<2 (C"E(*< �FE�C >�FH
 5(6�� 7 ���-7� �"3��"3 $2 F9 �FN(< = $2 F3 2� 2 �:(��F7
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'�<2 (C"E(*< $2 9 5(6�� 7 ���-7� >�H��,�� Fe/Fe+Mn 
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�C ��(�8 ��,�� 2Cr2O3�TiO22Na2O�F7� ^<.��,F��

^< Cr �Ti 2Na)_2,Sl(��&� $,FEH� $�%:F7�# ��"F3 3�
��7)I-F/j(]gX[.'�F<2 (C"E(*< M"F� >�FHI)�F(�2� (�F8 

;F(< = �:(��F72 	)Hd58-75 Di27-16 Jo8-13 ( �� �FE�C �2�� 
2 ���-7��8;(< = �:(��7)Hd27-40 Di58-51 Jo8-14 ( �� �FE�C 
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)I-/pZ(. %
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'(8 ��7�2,O ;(< =�(��7 2�(��F72 	)Hd36-48 Di43-51 

Jo7-12 (�N�FF� �FF8 c�:N�FF� �(E�FF��H21 > :&FF(8 ���� .�FF8 �FF*+
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�BFF	�Mn �N�FF� �Mn/Fe �� $ :�FF3 !� �d(FF72 Xl/X�FF= 

gl/X��  ((w= ,E< .�FEU �3,F/Mn '�F<2 (C"E(*< �� >�FH
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,*S��$��./ �����8 ����� �.(/���< >�H '�<2 (C"E(*< 2 ����3 �����-7� 2 5(6�� 7. . .��

2 �FF��XCO2$2 FF9 5(6�� FF7 ���-FF7� I(-&FF= ��FF�! �� �� 
G�&�<,E]gq�go.[�� :&(8 7� ���-�H�F(�� >�XCO2!� 

l/X�F= Xo/X F(w:� �FF7�]ln[.� �� ���-F7 $2 FF9 5(6�� F7 
XCO2!�  :.< W/X�F7� �F8 �F< �� �(�":F7]2 �"FN� IF(��

���< �+".6� �Y ����-7� >�H�7� ]gp[.
;(< = �8 > �"72 3 ����3 �+".6�Grs80-90 ��F
B.H 2

��&� �(�":7]2 �"N� �� �(�2� '�<2 (C"E(*< �8 �F� �F< ,FH�
 �� $,�2 &(C ���-7�>��� oCogX �= oCofX _�(7 !� 
�H �F8 �

XCO2c�N
 �= W/X–l/XI(-&= �F7� $,F/)I-F/f(]gjT
gn[.�"FFN��FF+".6� �� �FF(��
22!2 �"aFFO 2 �(�":FF7]2 >�FFH

 �
�(��< ��,F�� $,EH� ��&� XCO2�2,FO �� W/X F:.< �F
 2

�7�]qX.[�"S2 '
� �8��"�8�� ]qW[&F(C �F� ���E ,FE< �F< 
XCO2�(�":F7]2 I(-&= z��� �7� '-.� ]�8 c�:N�� "F/ 2 �
�	 R !��b
�B	� �� �(��
22!2 ��,�� _�(7 !�	 �� �"0"*	 ���2� 	 

$��� �8 2$,F/ ;NF7 2 �:F7�< '�F<2 (C"E(*< �N�� !� Z,/
 �< �7� �� �(��
22!2XCO2,F��.8 ��,
�C > =]�8 .'(FE` ��
��
� / $ :�3 '
 :.< �$,�2 &F(C ���-F7� �� �
�F�� ��"F� 
�FF7� 8 oCqXX �FF= oCqoX 2XCO2�2,FFO XWo/X�FF= Xl/X

�7� .���F< �+".6� �8 $,�2 �C �*O � xY ����-F7� >�FH !� ���
 ̂ (�*< _"N(@�Y �Z2,(C� �*.S �� G�&� �
 *< 2 ��� �< �"/

 Z2,FFF(C�I��FFF/ lX�FFF= gX�:�FFF(C ��"FFF� ,FFFL�� 7�(
)Fe+3/Fe+3+AlVI (�7�.

B
0C ;'�<2 (C"E(*< �/!�� CB
� �
B6= �
�:�5(6�� 7 ���-7� >�H .�Y >��:#�7 _"� 	 �N7�K� [�7�  8 �Hp�e(�<� ^=� .
���E� �(��
22!2 ���-7�T'�<2 (C"�"(*< ����3 ���-7�T�(��
22!2T'�<2 (C"E(*< ���-7� �2��

.N.S 271Gh 271Gh 148Gh 148Gh 08Gh 08Gh 244Gh 244Gh 190Gh 901Gh 04Gh 04Gh 14Gh 14Gh 63Gh 63Gh
.N.A 1a 1b 1a 1c 2b 2c 1a 1b 1a 1b 1a 1c 1a 1b 1a 1c 

M"� I I I I I I I I II II II II II II I I
Weight percentage 

SiO2 ��/�� ��/�� v�/�� v�/�� ��/�� v�/�� v�/�� ��/�� ��/�� ��/�� ��/�v ��/�v ��/�� �v/�� ��/�� �v/��
TiO2 v�/v vv/v vv/v v�/v vv/v vv/v v�/v vv/v vv/v vv/v v�/v v�/v vv/v vv/v v�/v vv/v
Al2O3 ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v �v/v ��/v ��/v ��/v ��/v
Cr2O3 v�/v v�/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v v�/v vv/v vv/v vv/v v�/v vv/v
FeO* ��/�v ��/�v ��/�v ��/�v v�/�� ��/�v ��/�� ��/�� ��/�� v�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��
MnO ��/� ��/� ��/� ��/� ��/v ��/v ��/v ��/� ��/� ��/� v�/� ��/� �v/� ��/� ��/� �v/v
MgO ��/� ��/� ��/� ��/� ��/�v ��/�v ��/� ��/� ��/� ��/� v�/� ��/� ��/� ��/�v vv/� ��/�
CaO ��/�� �v/�� v�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �v/�� ��/�� ��/�� �v/�� ��/�� ��/�� ��/��
Na2O ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v vv/v v�/v ��/v �v/v
K2O vv/v v�/v v�/v vv/v v�/v vv/v vv/v vv/v vv/v v�/v vv/v v�/v ��/v ��/v vv/v vv/v
M".6� ��/�� ��/�� ��/�� ��/�� ��/�� v�/�� ��/�� ��/�vv v�/�� v�/�vv vv/�� ��/�� ��/�� ��/�vv ��/�vv ��/�vv

[�7 8 �H �"
 ��,d=p'�<2 (C"E(*C �
��:��"a+ >��6EH �N7�K� 2�e(�<� ̂ =�
Si ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� vv/� ��/� ��/� ��/� ��/� ��/� ��/�
Ti vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v
Al v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
Cr vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v

Fe3+ v�/v �v/v v�/v v�/v v�/v v�/v v�/v v�/v �v/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
Fe2+ ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v �v/v ��/v
Mn ��/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
Mg ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v �v/v ��/v ��/v ��/v ��/v �v/v ��/v ��/v
Ca ��/v ��/v ��/v ��/v v�/� �v/� ��/v ��/v vv/� ��/v ��/v ��/v ��/v v�/� vv/� ��/v
Na v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v vv/v v�/v v�/v
K vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v vv/v v�/v vv/v vv/v

M".6� vv/� vv/� vv/� vv/� vv/� vv/� vv/� vv/� v�/� v�/� v�/� v�/� v�/� v�/� v�/� vv/�
Fe+2

/(Mg
+2)

��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v ��/v �v/v ��/v ��/v ��/v ��/v ��/v
Mn/Fe ��/v ��/v ��/v ��/v ��/v v�/v ��/v ��/v ��/v ��/v �v/v ��/v ��/v ��/v v�/v v�/v

Di ��/�� v�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� v�/�� ��/�� ��/�� ��/�� ��/��
Hd ��/�� ��/�� ��/�v ��/�� ��/�� �v/�v ��/�� ��/�� v�/�� ��/�� ��/�� �v/�� ��/�v v�/�� v�/�� ��/��
Jo ��/�� ��/�� ��/�� ��/�v ��/�� �v/�� �v/�v ��/�� vv/� ��/� ��/� ��/� ��/� ��/� ��/� ��/��

FeO*='HY I< M".6���HDi=�,(�C"
�Hd=��
1 N�,HJo=��(E���H21S.N.=���".� $��./A.N.=$,/ �
B6= ���� $��./.
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!�� H���".�T-XCO2��&	 �� l��8"*(< �<��&� ���-7� ��"3 3� �*< P(K� $,EH� �*O � ��>���� 3�$2 9 5(6�� 7 �(O�� �� $,�2 &(C 
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 �7� �:
,�� 3 ����3 ��  �"72 3 ��"�]gjTgn[.��&� $�! �"/�H b�8 �"3 3� IO� � $,EH��7� 5(6�� 7 ���-7� �.)>��|:#� ^
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 3 P
� / ,��"=
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�FF(��d	 Fe+2�e(�FF<� �3,FF�B
 3 bH�FF< 2�FFR ��"FF3 3�
 �"/ ���-7� .'
� �e(�F<� �3,�B
 3 �F8 >� F8 '(
�FC �N�F�

 �E(&��SFe+22Mn �F���3 �� > �"F72 3 >�FH �F8 �"F8 � 
�:&�� �(*(/ >�H ��� �7�]ql[.B(`�F�  
��F�� �F8 �F(:E%� -
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,�� 3 ����3 $� .H�:(��7 ]�F8 �N�� 2>
'(
�C �e(�<� �3,�B
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� / �
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  F
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9CaFeSi2O6 (Hd) + 2O2 = 3Ca3Fe2Si3O12 (And) + 
9SiO2 (Qtz) + 3Fe3O4 (Mt)    

'
� ,FO bE<�2 >]�F8 �F+".6� >� F8 �� �e(�F<� �3,F�B
 3 
��&� $,�2 &(C ���-7���,FH�)I-F/n(]qqTqj[.�"aFO 

�F8 �:
,F�� 3 ����3  
��F�� ��F
! !� >�F� '
,F��.�Y �� ,F��"=
>�:7�� I-(�  	�8 TI-(� ,(�<� �Y  
! �
 ,F/�8 $,F/ I(-&F= 

]qj[.�2B	� �Y  8��"N� � 7 ���-7� �+".6� �� �(	� 3 5(6�
 $2 9$ :�3 �F� ^H� F	 �� �e(�F<� �3,�B
 3 !� > :.< ,FE< .
���".� I-/n�� ��&� ,H� �<���-7� � �� $,�2 &(C >�H��-
>�HojX �= qoX �e(�<� �3,�B
 3 2 �� %(:��7 �S�� WfT�=
gXT�7� $,/ I(-&= .

!��I� ���".��3,�B
 3 2 �� ��&	 �� �e(�<� l*(< ��8" �<��&� ���-7� I(-&= P(K� $,EH� 5(6�� 7 $,�2 &(C)> :�<�# �(O��(�7� 
)zS � !� �:	 3 8]qq[bE<�2 2 Z� ((w= �8 zS� � !� �H]qoTqj[,E:�H (>��|:#� ^
{+ :MH=�(:E%�  	�8Th�(=�.HPPM=�
 (C  	�8T

�(=2 (C=h�(:E%�NNO=I-(�  	�8=hI-(� ,(�<�FMQ=�(��
�	  	�8T%��(:EThB=��"<PY=h�
 (CPO=h�(=2 (CMt=h�(:E%�Cp=
h�
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�8 DE7 �2�� [�
 = '7 �8 ��=�E8 < >�HT 6E� �5(7��21 �8
���-7� �7� $,/ ���E� �� �
�! .�7� 8 [�7�  8 ���F< >�FH-

�E/�7�8 $2 9 5(6�� 7 ���-7� ��.(�F*< ���-F7� Z�"FLT
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B(E��7� .�� �2,FK� ��(�F8 Q :�3 �8 �.
B(E� ���-7�

�FFE�C �(FF/�O���FF< �FF+".6� �FF8 ���-FF7� >� �
 :FF7�"	 >�FFH
) :&(8(�A*R �� G�&� �(72 8 2 '(:��C 7 ��"F/ .-F7� ���

 ���FF< �FF+".6� �FF8 �.(�FF*< �'�FF<2 (C"E(*< ��FF���3 >�FFH
 2� I��/ Z2,(C� 2 _"N(@�Y ��(��
22!2 �FE�C 2 ���-F7� �2�� 

�7� ���-7� �2 8 .���< �+".6� ��&F� ���-F7� �2 F8 >�FH-
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