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Abstract: The studied area is located in the north-east of Ardestan in Isfahan province. In 
Iran’s geological classification it lies in the central Iran zone. The volcanic rocks of the Kuh-e 
Dom area are predominantly rhyolite, rhyodacite, dacite, tuff, ignimbrite, andesite, banakite 
and basaltic-andesite. The major rock–forming minerals are quartz, plagioclase, alkali 
feldspar (orthoclase, albite), amphibole, biotite, clinopyroxene and olivine. Apatite, zircon 
and opaque minerals are common accessory minerals. Biotite, clinopyroxene, plagioclase, 
alkali feldspar and chlorite in various rock samples were chosen for electron microprobe 
analysis. The results suggest that feldspar phenocrysts show a large compositional range from 
andesine-labradorite to labradorite-bytonite in banakite and basaltic-andesite and oligoclase-
andesine and sanidine in rhyolite and dacite. Clinopyroxene phenocrysts show a 
compositional range diopside to augite in banakite and basaltic andesite. Phenocryst of biotite 
in the studied rocks is essentially of similar composition, and they are phlogopite (Mg-rich). 
This observation suggests that clinopyroxene and phlogopite formed from a Mg-rich magma. 
Also mineral chemistry of volcanic rocks of Kuh-e Dom indicates that these rocks were 
generated from calc-alkaline to shoshonitic magma and are related to continental arc orogenic 
magmatism. Barometery of pyroxene indicates that this mineral formed from a water rich 
magma in pressure of 5 kbar. On the basis of geothermometery studies, crystallization 
temperature has estimated to be 720-800 °C for acidic rocks and 1170 °C for basic rocks. The 
geochemical investigations show two stages in Kuh-e Dom magma evolution: Stage I is 
represented by clinopyroxene and phlogopite formation in a magma chamber. Stage II of 
magma evolution is represented by crystallization of matrix during and after magma eruption. 
Probably sanidine with small amounts of apatite and magnetite crystallized from the quenched 
magma at this stage.  
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$B  ���;"� �&6�E�> % ��-� (	
 ��2* �-2� 9L"�% �?B�- .
> �'�
2> �? �O(*
-2E �#ME2	NM4 % �L1- =-(h- J5 �c"L

 -
 ��+�� !	- �R&� =��"��E $&"* =��"��E % �6>2� �"*2"?
�� J"5,*B�O� .=-
-� �425�%&5"� CX��� 
� ��+�� !	-

B�6�O �)	&�* �+�� 
2L? ���?.

�
���1 ��#���0� ������)?��F����#(
B�
-� 
-&D ���G �	Z�? @�? 
� % ���2* #- l4 ��+�� !	-)J5 

�.(?�6	&);�+	- ���G ��� ��6"E���? % �6	#B�G _"6"� m-
~ %
% �"*2"? �(*
-2E �#ME2	NM4 J��  UL6�� =��"��E 
2L?

 $&"* =��"��E % !OG =�OB"�E- =
-B�� % �6>2� :2)"0�G
�� J"5,* -
 /G =-(h-B�O�.

'
#���"���
�@ ��,–�"A#��@ ?��*
� 
	
~G k�� T�2* �	Z�? @�? 
� ��+�� !	- 
-&D 3� $2E !

�6�&' B�-)J5 �.(% :�*&�&6�	- =��6��? =-
-� ��+�� !	-
 #- !�E%&"42�"LE % !	2"�- �#ME2	NM4 % $�2? _"6"�- P��

 ��6�-#�? B�L)�
2O ��"*2"? ��E- % �L1- =��"��E ��"*�4G
�� P2�Q� ���G �R&� =-(h- ("� $&"* =��"��E % !E&	#B�2  .

M4 k�� \��] ��	&E2�� �%BI �S ��- #ME2	N.fB1
� 
�� J"�,* -
 k��BO� .&8D �? �O#ME2	NM4 !	-t&6;"L"� 

B�2  �� $B	� .$�-��	(c* #- J1�I =�O � #-�&4 (	
 =�O
�h
�> �E B�
-� /G #- �	�5I ��"��E !	- 
� ��%&6��- !	&*

�6)�� /G % $B�&"'&? 
� /2+?G % #ME2	NM4 Jq�M? 9" �I "
- #- ��]��- #ME2*
 .$#-B' !	- ��	&E2�� &+	� 2�"LE �O

�� 
-&D �	N%- T&6�' 
� �)"E&* &A� #- �E ��- !�E%&"4-
�&"' .
� ("� !	2"�- #- $B��� =�h �? !"]%
� :�5 - �>&?

�� $BO�,� _"��� =��+�� �"�+�B	- ���G 
� �E �2 
��- $B  �"�%- !	2"�- !	(+	�h .

���
�� ���	 
��
&? 
2A�� �? 
� �L1- &1��R �	�";" 2jN 
�6�
 �"D� 

���E =��"�
&? J";5* % ��"��E 
�6>�� ����� gC8�� 
�#��–�-B<* lK� % �"�* �L�"1tf=��"��E #- �8�� 

� #-�&4 (	
 ��
&? �
2� �"*2"? % �
�K�BL� �!�E%&"4
 :%-Bh 
� ��"�
&? !	- W	�6� �E B�6�&' ��%&6��-�%.$�
%G 

$B B�- .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             5 / 20

http://ijcm.ir/article-1-630-fa.html


B	}� �=B	(O� �/�	B;I- �/~}� u��

*1 I�-("���G W	�6� � #-�&4(	
3� $2E �5"��5�% $�2* =�O
�K�BL� .

Flds 

Sample 
��� ���� ���� u��� ���� 
��u� ���u� ���u� u��u� ����u�

SiO2 �
/�
 ��/�� �u/�
 u�/�� ��/u� ��/�� ��/�u �
/�� 
u/�� ��/�� 

TiO2 
�u/� � ���/� ���/� � ���/� � � �

/� �

Al2O3 ��/�� ��/�� ��/�� 
�/�� ��/�� ��/�u ��/
� �u/�u �
/�u ��/�u 

FeO �uu/� ���/� ���/� ��u/� �u�/� 
��/� ��
/� ��u/� �
/� 
�
/�

Cr2O3 ���/� � �
�/� ��/� � � � � ���/� �

MnO �u�/� � ���/� � ���/� � � � �u�/� �

MgO �u�/� 

�/� ���/� ��
/� ���/� �
�/� � � � ���/�

CaO u�/
� ��/
� �u/
� ��/
� ��/
u 

�/� 
uu/� ���/� ��/� �
/�

Na2O ��u/u ��/� ���/u ���/� �/� �u�/� ��u/� ���/� ��/� �

K2O ��/� ���/� �
�/� �
�/� �/� ��
/� 
�/
� ���/� ���/� ���/�

NiO ��u/� � � ���/� �
/� �/��u �/�
� �/��� �/��� �

Total �� 
�/�� ��/�� ��/�� ��/�� ��/�� ��/�� �� ��/�� ��/�� 

Si u�/� ���/� ���/� �
u/� 
��/� ��/
� ��/

 ��/
� ��/
� �u/
� 

Al ���/� ���/� ��/� ��u/� ���/� 
��/� �
�/u ��/� ���/� ���/�

Ti ��
/� � �
�/� ���/� � ��u/� � � �/��
 �

Fe2+ 

�/� ���/� 

�/� 
��/� ���/� ���/� ���/� ���/� ���/� ���/�

Mn ���/� � ���/� � ��u/� � � � ���/� �

Mg �
�/� ���/� �
�/� �
u/� ���/� ���/� � � � ���/�

Ca u��/� ��/� ���/� ���/� �uu/� 
�
/
 ���/� ���/
 ��/
 ���/


Na ��/
 ���/
 u��/
 �u�/
 
��/
 �

/� ��
/
 u�/� u��/� uu�/�

K ���/� �u�/� ���/� ���/� �u�/� ��
/� �u�/� 
�/� 
�
/� �
u/�

Sum Cat. ���/�� ���/�� ���/�� ��u/�� ���/�� ���/
� ���/�� ��
/
� ���/
� ��/
� 

XOr � �/
 �/
 �/
 �/
 �/� �/�� �/u �/u u/�

XAb u/�� �/�� �/�� �/�� �� �/�u �/�� u/�� �/�� �/�
 

XAn �/�� �/�� u/�� u/�� �/�� �� �/� �� �/�u �/�� 

Sum Oxy. �� �� �� �� �� �� �� �� �� �� 
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��� �����  ���E�/�6��
- �3� $2E ���,0,*G =��+�� �	�;'�� T&"c�# !""<* % �c�� 
�,� u�


 I�*1 '�#�#J
Flds 

Sample ���u� ���u� 
���� ����� ����� u���� ����� ����� ����� ����� 

SiO2 
�u/�� �uu/�u ��/�� ���/�� �
�/�� ���/�� u�/�
 
�/�u ��
/�u ��u/�� 

TiO2 � �u/� ���/� 
��/� ���/� 
u�/� � ��/� ���/� ���/�

Al2O3 ���/�� u��/
� �
/�� �
�/�� ���/�� 
�
/�� ��/�� ��/�� ��/�� 
�
/�� 

FeO 
�/� 
�
/� ��
/� ��/
 ���/� �u�/� ��/� �
�/� ��/� ���/�

Cr2O3 � �
�/� � � �
u/� � ���/� � ��u/� �

MnO ���/� � � ��/� ���/� ��/� � � � ��/�

MgO �
�/� � ���/� ���/� 
��/� 

�/� 

�/� 
��/� ���/� 
�
/�

CaO 
�/� 
��/� �u�/

 �u/� ���/� ���/� ��/
� 
�/

 ��u/
� ��/�

Na2O ���/� ��
/� ��/u ��/� ��/� �u
/� ���/� ���/u ���/� u��/�

K2O �/���/� �u
/

 ���/� �
�/� ���/� ��u/
 �
�/� ���/� ���/� �
u/�

NiO � �
�/� ���/� � � � ���/� � � �

Total 
�/�� ���/�� ���/�� ���/�� ���/�� ���/�� ���/�� ���/�� �u
/�� 
/�� 

Si ���/
� ���/

 �u�/� �
�/
� ���/
� ���/
� uu�/� ��u/� ���/� 
��/
� 

Al �
�/� �
�/u 
��/� u�u/� ���/� ���/� u��/� ��
/� ���/� �
�/�

Ti � ���/� ���/� ��u/� ���/� ��/� � �
�/� �
�/� �
�/�

Fe2+ ��u/� ��/� ���/� 
��/� 
u
/� 
u�/� ���/� 

/� 
�/� 
�u/�

Mn ��
/� � � ���/� � ���/� � � � ���/�

Mg ���/� � ���/� ���/� ���/� ��
/� ��
/� ���/� ��
/� ���/�

Ca ��/
 ���/� �u
/� �
�/
 �u
/
 ���/
 �
�/� 
��/� 
��/� �u�/


Na ���/� ��u/
 uuu/
 ��u/� ���/
 ���/� ���/
 �u�/
 ���/
 ���/


K 
��/� �

/� ���/� 
�/� 
u�/� �u�/� ��
/� ���/� 

�/� 
u�/�

Sum Cat. �u�/
� ��
/�� ���/
� 
�/�� ���/�� ��/�� ��/
� �
�/�� ���/�� ���/�� 

XOr �/u �/�� �/
 �/u �/� �/� �/
 
/� �/� �/�

XAb u/�� �/�� u/�� �/�� �/u� �/�� u/�� u/u� �/u� u� 

XAn �� �/� �/�� u
/� �/u� �/u
 �/�� u/�u �/�
 u/u� 

Sum Oxy. �� �� �� �� �� �� �� �� �� �� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             7 / 20

http://ijcm.ir/article-1-630-fa.html


B	}� �=B	(O� �/�	B;I- �/~}� u��

I�*1 '�#�#J
Flds 

Sample ����� 
����� 

���� 
����� 
����� 
�

� ��

� ��

� u�

� ��

� 

SiO2 
�/�� ���/�� ��/�� u��/�u �
�/�� ���/�� ���/�� ���/�� �u/�� 
��/�� 

TiO2 ���/� 
�
/� �u�/� ���/� ���/� ���/� � ���/� ���/� �

Al2O3 ��/�� ��
/�� ��/�� ��/�� u

/�� ���/�u ���/�� ���/�� ��
/�u u��/�u 

FeO �
/
 ���/� ��/� ���/� ���/� �
�/� ���/� ���/� �
�/� ��u/�

Cr2O3 �u�/� � � � � � �
�/� � �
/� �

MnO �
�/� � �
�/� ���/� � 
�/� ���/� � � �

MgO 
��/� ���/� 

/� ���/� ��u/� � ���/� �

/� � �

/�

CaO ���/� ���/� ��/

 ���/
� ���/

 ���/� �u�/� ���/� ��/� ���/�

Na2O ��/� ���/� �
�/u ���/u ��
/u u
�/� u�u/� �u�/� ���/� u�/�

K2O ���/� ���/� ���/� �u�/� ��/� ��/� 
�
/
 ���/
 ��u/� 

�/


NiO � ���/� �
�/� � � ���/� � � ���/� 
�/�

Total 
��/�� 
��/�� ���/�� ���/�� ��/�� ��/
�� ���/�� u/�� ���/�� ��/�� 

Si ��u/
� ���/
� ���/� ��
/� ��
/� ���/
� ��
/
� ���/
� ���/
� ���/
� 

Al ���/� u�/� 
��/� �
�/� 
��/� ���/� ���/� �u�/� ���/� 
��/�

Ti �u�/� �
u/� ���/� �
�/� ���/� ���/� � � ��
/� �

Fe2+ 
�u/� 

�/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Mn ���/� � 
��/� ���/� � ���/� ���/� � � �

Mg ��/� ���/� ��/� ���/� ��/� � ���/� ���/� � ���/�

Ca �
�/
 ���/
 
��/� ���/� ���/� ��u/
 ���/
 

/
 ���/
 �
�/


Na ���/� 
��/� ���/
 ��u/
 ���/
 ��u/� �/� ��u/� ��/� ��/�

K 
��/� 
��/� ���/� ���/� ��
/� 
��/� ���/� ��/� 
�/� ���/�

Sum Cat. ���/�� ���/�� �u�/
� �u
/
� ���/
� �uu/�� ��/�� ���/
� 
��/�� �u�/�� 

XOr � �/� � �/� �/� 
/u 
/� u/� u/u �/�

XAb �/�
 �/�
 �/�
 �/uu �/u
 �/�� �� �/�� �� �/�� 

XAn �/u� �/uu �/�� �/�� �/�� �/�� �/�� u/�� �/�� �� 

Sum Oxy. �� �� �� �� �� �� �� �� �� �� 
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��� �����  ���E�/�6��
- �3� $2E ���,0,*G =��+�� �	�;'�� T&"c�# !""<* % �c�� 
�,� u��

 I�*1K3� $2E �5"��5�% $�2* UL6�� =�OBI-% �	&LE % �"*2"? �!�E%&"4 ��%&65�- P%&4%&5	�� ("���G W	�6� .
Cpx Bio  Chl 

Sample 
��� ���� ���� Sample 
��u� ���u� �u��� Sample 
��u� ���u� ���u� 

SiO2 ���/u� ���/u� ��/�� SiO2 ��/u� ��/u
 �u
/u
 SiO2 ���/�� ���/�� ���/�u
TiO2 u��/
 ���/
 ���/
 TiO2 ��/u ��/� �
/� TiO2 �u�/� ���/� ���/�
Al2O3 
��/� ��u/� �
�/� Al2O3 ��/

 ��/

 ��/
� Al2O3 u��/
� ��
/
� �u�/
�
FeO ���/� ���/� u��/� FeO ���/� u�/� ��/� FeO ��
/�
 ���/

 �u�/��

Cr2O3 ���/� �
/� � Cr2O3 ���/� � � Cr2O3 � � �
MnO �
/� ���/� ���/� MnO �u�/� �u�/� ���/� MnO ��/� ���/� ���/�
MgO ��/
u ���/
u 
��/
� MgO 
�/�� u�/�
 

/�
 MgO ���/
� �u�/

 ���/�
CaO ���/� ���/�� �
�/�� CaO ���/� ��
/� �
/� CaO 
��/� u�� ���/�
Na2O ��u/�� u��/� u�/� Na2O ���/� ���/
 ���/
 Na2O ���/� ���/� ���/�
K2O ���/� ���/� �
/� K2O ��/� ��/� ��
/� K2O ���/� ���/� ���/�
NiO � � � NiO ���/� ���/� ���/� NiO �u�/� � ���/�
otal ��/�� �� ��/�� Total u�/�� ���/�� 
/�� Total ���/�� ��u/�� ���/�u

T- Si ��/
 ���/
 �/
 Si ���/� �
�/� �u�/� Si ��
/� ���/� ���/�
T- Al 
��/� 
��/� ���/� AlIV ���/
 ���/
 ��
/
 AlIV ���/
 �uu/
 �uu/�
M1 Al � �
�/� � AlVI � � � Sum T � � �
M1 Cr ���/� ���/� � Cr � � � AlVI ���/
 
�u/� ��/

M1 Fe3+ � � � Ti u��/� ���/� ���/� Ti ���/� ��u/� �
u/�
M1 Ti �u/� ���/� ���/� Fe2+ ���/
 ���/� ���/� Fe2+ ���/� ���/� �uu/�
M1 Mg ��/� �
�/� � Mg �
�/u ���/u ���/u Cr � � �
M1 Fe2+ 
��/� 
��/� 

�/� Mn ���/� ���/� �

/� Mn 
��/� 
��/� 
�u/�
M1 Ni � � � Ca �
/� ���/� ��
/� Mg 
��/u ���/� u�/�
M2 Mg � � � Na �u�/� ���/� ���/� Ca �u/� ���/� �/

M2 Fe2 
�
/� 
��/� 
u�/� K ��
/
 ��
/
 ���/
 Na ��
/� ���/� �
�/�
M2 Mn ���/� ���/� ���/� Sum Cat. ���/
� ���/
� ���/
� K ���/� �
�/� ���/�
M2 Ca �u
/� ���/� ���/� Sum Oxy. �� �� �� Sum Cat. ���/
� �
�/
� ���/��
M2 Na ���/� ��
/� ��
/� Sum Oxy. �� �� �� 

M2 K � � �
Sum Cat. u u u

�.����C 
��-%
 
� �2h2� =��6�	&E2�� !	&6;�� #- �5	 !�E%&"4 =�O

-%BIBI��- _	#�? �? J	�;6� p�-%BI %.=����E%&"4
��-%
 !	- 
� �2h2�B�6�O !�E%&"42�"LE V2� #- �O .��
&?

&"42�"LE \"E&*
-�2;� 
� ����E%])e([Q – J�� /�,� BO�

!OG =����E%&"4 %&;LD 
� ����E%&"42�"LE �E �^	("���^"�LE
�� 
-&D 
-� B�&"')J� Ar.(
-�2;� 
� !"�`;O Wo-En-Fs 

��2;� B�
-� 
-&D �	N%- T&6�' 
� ��
&? �
2� =�O)J� Br.(
BI 
� ��8�� =��+�� 
� ����E%&"4 \"E&* Wo43.4 En42.4 

Fs14.2 ^	("�� �BR �? )(Mg/[Mg+Fe] �%BI 
� ey–ed
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B	}� �=B	(O� �/�	B;I- �/~}� u�u

(C) 

(E) 

(B) 

(A) 

(D) 
AlIV=3T AlIV=5T

AlIV=8T

B�6�O .�BR �? �	����E%&"42�"LE �E B�
%�? !	- &? /-&+,O%s4
 Z�? ^	("��)efMg # > ( % �"�%- =�;'�� _	 #-

 #- ��] =����E%&"42�"LEFe -Bh mB  �? =�;'�� _	 #- 
$B  
2L)6� $B  B�-]g.[�� !	-&?��? �E �0' /-2*

E%&"4 �? ��8�� =����ey�edMg# 
� �"�%- =�;'�� _	 #-
$B  
2L)6� Z�? =���B�- .C	#2*Si , Al �
2� =����E%&"4 
� 

��2' �? ��
&? 
-�2;� 
� ��2;� %� �E ��- =-Si �? �)�� Al 
��h% 
��| $�+	�h V�) - p> �? _	�(� % !"	�4 
� JE).Si 

+ Al =  (> !	- =Z�? 
� &+	� ��2;� _	 %�� 
-&D p�&"'
)J5 Cr.(��2;� 
2�I H&<� �V�) - p> =Z�? 
� �O

 ���G 
�6>�� ��h% 
��| �"<D2� �E ��- �	����E%&"42�"LE

 =���2"*�E 9L"�% �?Si %Al &4 !�E%&"4 \"E&* 
� �2h2�
�;� &+	� J"�� !";O �? % ��- $B  =-&	z4 B�-2*TiB �? .
���E J"�� �? &+	� 9�2;� %� 
� ��% 
-B�� /�2)� Al &4 =-&? 

���h% 
��| �"<D2� /�&ESi �? Ti ����E%&"42�"LE 
� 
��- $B  !	(+	�h .
-�2;� 
� !"�`;OTi�? �)�� Al IV 

��2;� 9;Op> =Z�? 
� �O3Ti  Al IV =�� 
-&D �E B�&"'
 
-B�� /�2? Z�? &+��"?Ti ��- ��8�� =����E%&"4 
� )J� 

Dr.(2� =����E%&"4 9;O 
-�2;� =%
 ��
&? �
Ti �? �)�� 
Na ��",��h NaTiAlSiO6=�h �? Ca(MgFe)Si2O6-
 

�� /�,� B�O�)J5 Er(�"h2* J?�D &	# m
21 �? �E
��-]�.[CaVIII + MgVI+ SiIV= NaVIII +TiVI + AlIV 

<4	LA(!�E%&"42�"LE \"E&* ��8�� =�O]e[،(B42�"LE!�E%&"��8�� =�O �"*�6��- ��L�� 
-�2;� =%
)En(��"�26�Z%)Wo(و

�"L"�%&�)Fs(�C(
-�2;� Al–Si ���E !	- 
� ^"��6"* =Z�? 
-B�� $B�O� /�,� �E���- �O,E  D(=�O
-�2;� , Na  AlIV J?��� 
� Ti.
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��� �����  ���E�/�6��
- �3� $2E ���,0,*G =��+�� �	�;'�� T&"c�# !""<* % �c�� 
�,� u��

(B) 

(A) 

?�C&�&)  
��6"�-� % �6"�2	
 =��+�� 
� _"��� ���E !	&6�-%-&�

5"��� $B	� &6;"L"� ^"� :2X �? �	��5�24 m
21 �? �E ��� -
B�2  .k�
 &4 =- $2�D �* =- $2�D ^�"j%&E2{L4 =-
-� ���E !	-
$2�D %��- ()� �? J	�;6� =- .!	- �	�";"  =B�? $�
 =-&?

 =B�? $�
 =�O
-�2;� #- ���"��E]�f[%]��[$B  $��06�-
��- .
-�2;� 
�]�f[&	���� 9	�4 &? �E ��2"*�E AlVI %]Fe / 

[Fe + Mg��2;� ��- p> !"	�4 
� �<��8� �
2� =�OFe / 
[Fe + Mg] = 0.33$B  CD-% �"42'2L� �)"E&* T&6�' 
� B�-

)J5 At.(��L�� 
-�2;� 
� !"�`;O]��[��2;� ��
2� =�O
�� 
-&D �"42'2L� T&6�' 
� ��
&? B�&"')J� Bt.(&? $%MR 

$��06�- �? !	- =�O
-�2;� #- K ,Ti ,Na�? �)�� Fe / [Fe + 
Mg] ]) ��([��2;��� 
-&D �"42'2L� %&;LD 
� �O B�&"')J� 

d.(_	 #- ���G �E ��- /G &+��,� �O�5"� �6"42'2L� \"E&*
$B  
2L)6� ^	("�� #- ��] =�;'��B�-]�..[=-
-� ��"��E !	-

TiO2)!"+��"��/rB1
�(�Al2O3)!"+��"�./��B1
� (%
MgO)!"+��"�y/.fB1
� (B�6�O Z�? .=-26Q�Ti 
� 

&	���� % ��- /s"�E- �6"��'2� % 
�,� ���� #- �<?�* ��6"*2"?
 =Z�?Ti�� ���	 Z�? =��� �? =��6"*2"? 
� p�� �2 ]�r.[�?

:MQ�- �5	
2XTi @O�E 
�,� �? % @	-(�- ��� �? �"*2"? 
� 
�� B?�	]�t.[
� !"�`;O!OG =��6"*2"? -
-B�� 
-� ^	("��Ti 

�� @	-(�- /s"�E- �6"��'2� @	-(�- �? B?�	]�d.[

<4	M��)X v%
 �? ��8�� =�O�5"� �	�";" 2jN =B�?(A]�f[%(B]��[��2;� �"LE �2  �� $BO�,� �E 
28��;O �
� �OT&6�' �"42'2L� 
�� 
-&DB�&"'.
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B	}� �=B	(O� �/�	B;I- �/~}� u��

<4	N�<��8� �
2� =�O�5"� \"E&* �5"� ���;6>�� :2�&� 
� �2h2� =���2"*�E ��-%-&� m-&""[* =�O
-�2;� =%
 &?-&? 
�Fe / Fe + Mg ]��[.

��O�*)  


� �E ��- #ME2	NM4 ���8�� =��+�� �"LE \��] ��	&E2��
 �%BIrf�.f�� J"�,* -
 k�� B1
� BO� .
&5� =��LE��
�")�G–��- /-%-&� ���E !	- 
� ��)��
�E .B1
� !	&6,"?

 ��- �6�-#�? =��6	#B�G �? �2?&� ��8�� =��+�� 
� �"*
2�G
)J5 Ay.(#- ��+�� !	- 
� #ME2	NM4 \"E&* �5	
2X �?

An70 )(E&� 
� (�*An60)�" �I 
� (/�,� �E ��- &""[* 
�
����"��E !	- 
� =��R =B�? ��8�� TB�O� .? ��8�� =B�

��- $�2? J��E :��<* 3BR TB�O� /�,� =��R .#- =�-B<*
 PG B1
� @	-(�- �	 �	�;'�� /#��� �? PG �%
% /-&+,O%s4

��8�� J��R -
 
2L)* m-#-2� �? $B��;"D�? =�;'�� 
� =B�?
�� #ME2	NM4 B��-�]�y.[=B�? ��8�� TB	B4 !	- &? $%MR
�� -
 =��R�6�OG �? /-2*�R&� /�2? &* :��<* =&"' J� 

�-� �)�� 
2L)* �R&� �? �)��]�e.[�? �O#ME2	NM4 \"E&*
 !	#B�G �;� �? �	
%�-&?Z #- ��6"E���? % ��6	#B�G �;�

�� J	�;6� �2 )J5 By.($�-� 9	�4 &? �5	
2X �? (	
 =�O
 #- ��+�� !	- 
� #ME2	NM4 �)"E&* U"X �� #-�&4An41.7 �*

An60.6��- &""[* 
� .�	�O#ME2	NM4 =-
-� ��6"�-� % ��6"�2	

 \"E&* �?An28�*An47.7 =�O
2L? Bh-% !	- &? $%MR �B�6�O

 B�6�O ("� !	B"��� V2� #- �	�"LD 
�K�BL�)J5 ,E Fy.(&?

BI 
� ���E !	- \"E&* �v#-�&4 (	
 #- J1�I W	�6� 9	�4
Or68.2 ��- .#-�&4 (	
 =��"�
&? #- J1�I W	�6� !"�`;O � 

�,"  9�"�# % #ME2	NM4 =��6"�%&5"���2;� 
� �2h2� =- =�O
�� /�,� ��6	#B�G�,"  % #ME2	NM4 =��6"�%&5"� �E BO� �O

 �%BI 
� �)"E&* U"X =-
-�An41.7 �* An51.9 B�6�O 
)J5 ,C Dy.(

?��)� 
:2)"0�G �?��&' ����&'� :2qQ� ��8�� =��+�� 
� �	&LE

�� % ��-E&* #- /-2* $�2* ����&'� =��� !""<* =-&? ���G \"
�&E $��06�- .m-&""[* #- $��06�- �? /-&+,O%s4 Si  �? �)��Fe 

/ [Fe + Mg]$�&S ����,"4 ��6	&LE =B�? $�
 =-&? =
-�2;� -
B�-]d[��2;� ��	B�? $�
 !	- 9	�4 &? �E �)  T&6�' 
� �O

�	s�
2* �� 
-&D B�&"')J� e.(

�P����� Q"	� �����%�#*� ���
�� ���	 �# %���"�# �@ �, 
% �"42'2L� ���E %� �	�";"  \"E&* #- @�? !	- 
�
 �6�&' $&�? ��+�� �	�;'�� 96 
 !""<* =-&? !�E%&"42�"LE

��- $B  .�? =����E%&"42�"LEMg /�,� �"42'2L� % Z�? 
�;R !	- 
� ���G J"5,* % �	�;'�� T&cI ��	# �;R TB�O�

��-.
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��� �����  ���E�/�6��
- �3� $2E ���,0,*G =��+�� �	�;'�� T&"c�# !""<* % �c�� 
�,� u��

<R	S#2*
- 
-�2;� =%
 3� $2E =�O
�K�BL� \"E&* ��")�G ��"*
2�G ]d[.(A ���-#�? =#B�G(B ��	#B�G (C�"�%&5"� ��"�# 
� �2h2� =�O
 ��6	#B�G =��+��(D�,"  ��"�# �	#B�G =-��O (E ��"�-�(F�"�2	
 .

<4	T=�O �	&LE �	�";" 2jN =B�? $�
 =����,"4 =�O
-�2;� =%
 ��8�� ]d[.

-�?�C&�&)  U���� Q��C �@ ������� ��� 
=��+�� /G �X �E �8	-&  �+�2+| ��"�MS �
%G&? =-&?

�� J"5,* /�?("� �	�;'�� �"*2"? �	�";"  \"S&* #- �B�2 
�� $��06�-�2  .�� :��� /-2�R �? �/s"�E- �6"��'2� �? /-2*

^"��* ���� 
-z' p> !� !""<* ("� % �OB"j26"�-&' =B�? 

$B  �)w ��+�� !	- 9L"�% �? �S �	��&' =�O�-B>
 $
� - �B�-
�&S .P�*#�? �	�;'�� =��6"*2"? �	�";"  \"E&* !	-&?��?

 ��- �	�;'�� p	-&  TB�O�]�g.[
=�;'�� J"5,* p"Q� % �	�";"  \"E&* !""<* =-&?

$�
 %� #- ��O�5"� TB�#��=B�? ]�g[%]��[��- $B  $��06�-:
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B	}� �=B	(O� �/�	B;I- �/~}� u��

(A (B
)

(C
)

(D

(E (F) 

U�- (=B�? $�
 #- �O�5"� TB�#�� =�;'�� 96 
 !""<* =-&?
]�g[B $��06�- .�� �AIM� �����| 
� ��8�� =�O�5"� �2 

�� 
-&D �	�"LD �;"� %&;LD 
� 
-�2;� !	- B�&"')J5 Cg.(
P:(=B�? $�
]��[��2"�"�2�G&4 =�O�;'�� �"*2"? =BI �*

�� -Bh ��2"�"�2�G �)  =�O�;'�� �"*2"? #- -
B�E .!	- 
�
 #- ��] =��6"*2"? ���;* =B�? $�
Al=Z�? �)�� �? Fe /Mg  

$B  �6�&' &A� 
� ��2"�"�2�G&4 =�O�;'�� �? �6�?-% B�-]��.[

-B�� =B�? $�
 !	- 
�Al�"*2"? TB��E i�,� �$B  
2L)6� 

��- /2+?G ��2"�"�2�G&4 �"O�� /-("� .�� /�,� ��"�
&?-
=�O��� 
� 32"�"�2�G #- ��] =��6"*2"? =
-B	�4 %&;LD �E B�O�

 =
-B	�4 9�8�� �5"��I 
� ���- $�&6�' 
�"�? !"	�4Ti ,Mg 
B?�	 �� @	-(�- ��� @	-(�- �?].f.[!"	�4 &	����Al 
� 

"6� ��6"*2"? !"	�4 =
-B	�4 #- =- �cAl @	-(�- �? �"*2"? 
� 
��- ���].f.[=B�? ��)X 
� �	�"LD ��OG T&6�']��[

�	�"LD ��OG % �	�"LD �)  T&6�' %� �? :��<�]�g[��- .
�� =B�? $�
 !	- #- $��06�- �? �5"��I
� !"�# p"Q� /-2*

�&E i�,� -
 �O�5"� TB�#�� =�;'�� �6>�� .$�
 !	- 
�
�?��2;� =B�� 
-&D �	-(O2E �	�"LD T&6�' 
� �OB�&"' 
)J5 A , Bg.(

<R	V�E%&"42�"LE % �O�5"� \"E&*�=����,"4 =�O
-�2;� 
� ��8�� =��A ,B ( !;I&�-B)R]��[��2;� ���;* �E 
� �O �	�"LD �5OG T&6�'
�� 
-&D% B�&"' (C�" ��]�g[�2;� !	- 
� \"E&* =-
-� �O $#-B' 
-�B�6�O �	�"LD �) �D(#- �,	-&' =-
-� �O ��2;� 
-�2;� !	- 
� �? �	�"LD

 �	�"LD �) �� /�,�B�O� ].�[،E(% �6"{�2* =�O�;'�� #- J1�I =����E%&"4 $B��E -Bh �E �5OG �	�"LD V2� #- J1�I =����E%&"4 #- �	�"LD 
��- ]...[�F(m-&""[* 
-�2;�AlVI + Na �? �)�� AlIV + 2Ti + Cr].d[6"��'2� &+��"? �E9p"Q� 
� /s"�E- =Z�? ���E 
2L)*��- �O.
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��� �����  ���E�/�6��
- �3� $2E ���,0,*G =��+�� �	�;'�� T&"c�# !""<* % �c�� 
�,� u��

3����.����C U���� Q��C �@ ������� ����
� 

-�2;� %� #- ����E%&"4 TB�#�� =�;'�� T&"c�# !""<* =-&?

].�[%]..[B $��06�- .=�O
-�2;� 
� ].r[%].�[����,"4
�- $B  =-
-� B"�42	� % _"�LE �	N%- ��	N%- �E �

B�6�O �	�"LD ��OG =��"'s	%.p�� 
-� ^"�LE �	N%- % �	N%- 
�	��+�� 
� 
-B�� �?Al�� J"5,* Z�? �2  .��] =���2+?G 
�

�� 
2L)6� �	
%�-&?Z ���� ^"��64 #- 
2�I �? % �2 
�� @O�E 32"�"�2�G �"��<� ��	
%�-&?ZB"�42	� �% B?�	 V%&  

�� 
2L)* �?B�E .�!"	�4 ^"��64 /-("� �? =���2+?G 
� ��%
 % B�L)�
2O 
2L)* �? B"�42	� lK� % �"�26"? % �	N%- ����

 B  BO-2> 
2L)6� ��"42'2L�].t.[
-�2;� 
�SiO2 – Al2O3

��2;� 96 
 �? �	�"LD �)  #- �,	-&' =-
-� �<��8� �
2� =�O

� ��2;� %� % �B�6�O �	�"LD�� 
-&D �	�"LD %&;LD B�&"')J5 

Dg.(m-&""[* 
-�2;� 
� �E ��- ���I 
� !	-Ca + Na 
�? �)��Ti =�O�;'�� #- -
 �,	-&' ��8�� =����E%&"42�"LE �

=�O�;'�� �? �	�"LD ��OG % �6"{�2*]..[�� /�,� B�O�
)J5 Eg.(/s"�E- �6"��'2� /-("� !""<* =-&? !"�`;O

%&"4 J"5,* p"Q� 
-�2;� #- ����E].d[$B  �6�&' $&�?
��- .��2;� 
-�2;� !	- 
� p> =Z�? 
� �OFe+3 = 0�� 
-&D -
B�&"')J5 Fg.(&A� �? ��? !"�`;O /-&+,O%s4 #- =�-B<*

��2;� �L1�� �| &O p> #- �OFe+3 TB�O� /�,� �B �? &6,"? 
������E%&"4 J"5,* p"Q� 
� /s"�E- =Z�? �6"��'2� .�?

2* V�) - p> #- �O ��2;� 9L1�� �? �hFe+3����c"6� /-2*
 �;E ��"��E !	- J"5,* /��# 
� /s"�E- 96"��'2� �E ��&'

��- $�2? Z�?].y.[

�������� ��
  
�8�� ("���G #- J1�I W	�6� _;E �? �* B  �<� @�? !	- 
�-
��+�� 
2L)* /��# 
� ��� % 
�,� �%- !""<* �? ���"��E =-

6>-�&4�2  �.k�� �"D� =��"�
&? �? ���� 
2A�� !	B?
 i�,� ��+�� !	- :��<* :�I 
� =��"��E �R2;c� ��6>�� 

��� a��- ��2> !	- �E B ���- �c�� 
�,� .!	- #- l4
�8�� ("���G 3�c�- �? % �LI&� !""<* �? $B  ��	 =��"��E #- =-

B  �6>-�&4 ��+�� J"5,* =��� % 
�,� .��� W	�6� �
�,� 
$B�G ��� �? UL6�� =�� %
 #- $��06�- �? �E ��+�� �c��

B�&	# 
-&D �?.

-�������
  
].e[=��6)�� �E �&E ����,"4Ti+AlIV /Si , AlVI /Al IV %

TiO2/(Mg / Mg + Fe)�� ����E%&"4 
� /-2�R �? B�-2*

B  �6�&' 
�E �? �c��
�,� .
-�2;� 
� AlVI / Al IV 
-&D
��2;� =&"' 
�,� 
� ���G 
2L)* B	}� �	N2LE- T&6�' 
� �O

�� �AIM� �E �����| ��% ���Z�?��2;� �2  �? 9�8�� 
� �O
 B�&"' �� 
-&D !	
~G =��+�� T&6�' ��<	 !"	�4 
�,�)J5 

�.(�O !�E%&"42�"LE 
�6>�� 
� !"�`;OCr �? :��<* 
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AlVI�)�� % ��- Cr / Cr + AlVI*�ffO !�E%&"4 
� �

�
-� ^"�6�� 98?-
 
�,� �?].g[�E =
2X �? �
#- ��] =����E%&"42�"LEAl ��2;� �? �)�� &6�"	�4 
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