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Na2O l/�� �/S� �/�� T/TS T/�� T/}� T/�� T/l� �/�� l/�� �/��T/d� T/vT �/ll T/S�T/l� T/�T T/�� T/v� T/�R �d/���/R
K2O d/RS d/�} d/v d/R� d/��d/��d/�T d/Rv d/d� d/ST d/RRd/�� d/�� d/vT d/vTd/vSd/�� d/�� d/vT d/~� �/S�d/l�
Total �d� �d� ��/l ��/� �dd ��/� �d� �dd �d� �d� �dd ��/R �dd ��/� �d� �d� ��/� �dd ||/� �d� �dR �d�
An% Sd/R S�/� v�/l vS/� v�/T v�/lv�/S v�/� Sl/l RS/� S�/lvS/� v�/l v�/R vv/�v�/�vv/v v�/� vR/S S�/R S/T l/R

ب-1 جدول

�)3,); �
�,
�,�'�: ��)�'�:�?�,  

S.K.��� S.K.�� S.K.RS S.K.�T S.K.vv
?)���X $��O� Bio1Bio2 Bio1Bio2Bio3 Bio4 Bio1Bio2Bio3 Bio1RestiteRestite Restite Bio2 Bio1 Bio2

SiO2 Sv/l S� S�/R S�/S Sv/l Sv/� Sv/� SS/� Sv/T Sv/� Sv/� S�/v ST/v Sv/� S�/T Sv/T
TiO2 S/� R/�T R/vl �/TR S/�� S/TS R/ST �/Tl R/Tv 1/�S R/�� R/�� R/SR v/dv R/T� R/l� 

Al2O3 ��/l �l/R �l �i/R �T/� �T/� �~/� �l �l/T �T/S ��/� �v/� �v �v/� ��/v �� 

FeO R�/� RR/v RR/T RS/R RS/S RS/� RR/S R�/� R�/� RS/� RR/T Rd/� R�/l RR/S RS/S Rv/S
MgO T/�� T/�l T/Rv �/dv T/v T/�l �/�S l/dv T/�v T/�R �d/S �d/� �d/� �/�} �/R� T/TR 

CaO d d d d/d� d/�R d/� d/�{ d/R d/dT d/RS d/� d/SS d/Sl d/� d d
Na2O d/� d/� d/� d/dS d/dT d/d� d d/d� d/�R d d d/dR d/d� d/R� d/�� d/RT 

K2O �/S �/RR �/�S �/Rl l/lS �/dS l/� �/�i �/S� l/}� �/�S l/�� �/�� l/� �/Rl l/l� 

Sum Ox% |i/T |i/� �l/S ��/S �l/T �l/� �T/T �l/l �l/v |~/R ��/v �l/� �l/R |} �dd ��/R
XMg d/ST d/Sv d/SS d/S� d/SS d/SR d/ST d/v d/ST d/Sv d/v� d/vT d/vT d/Sl d/ST d/SS 

8 �(�0�� ��$)'��2شكل/";�)O)� \)<�3 *' $��Z 6' �;
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�> �� �)3,); �)D (��0�X 8��
?�,< m�
'P:$�%
�> �� �)3,); ()�,�X�5 8��)�)�'�: B��� 7,� 8��S(mC:$�%
�> �� �)3,); 8��C�X��-N)�'?�,< �
.
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ج-1جدول
����: S.K.�� 

� O)-)� \�E �; �-#�	 j �/j � �/� 1 �/1 |/1 �/{ �/� i/�

SiO2 {~ {~ {~ {~ {~ {~ {~ {~ {~ {~ 

TiO2 j j/� j j j j j j j/� j
Al2O3 1� 1� 1� 1� 1� 1� 1� 1� 1� 1� 

Cr2O3 j j j j j j/� j/� j j j/�
Fe2O3(c) �/{ j/i �/� �/1 �/� j/i �/} 1/1 �/1 �/�

FeO {{ {� {� {{ {{ {� {{ {{ {{ {{ 

MnO �/1 {/� { 1/� 1/� 1/� 1/� { 1/� {/{
MgO 1/� {/� {/� {/| {/~ {/~ {/i {/~ {/~ {/�
CaO �/1 �/{ �/{ �/{ �/{ �/{ �/� �/{ �/{ �/3

Sum Ox% �jj �j� �j� �j� �j� �jj �j� �j� �jj �jj 

Pyrope |/} �� �� �} �� �� �� �� �� �� 

Almandin ~� ~} ~} ~� ~} ~} ~� ~� ~} ~� 

Spessartine �1 ~/1 }/~ �/i �/~ �/� �/i }/| �/~ ~/}
XMg  �/j j/1 j/1 j/1 j/1 j/1 j/1 j/1 j/1 j/1
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FeO �/{| �/{i 
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CaO j/j1 j/ji 

Na2O j/{| j/}} 

K2O �j/�~ �j/1� 

BaO j j/�� 

NiO j/j~ j
H2O(c) �/�{ �/1i 

Sum 
Ox% 

|~/~� |i/}1 
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?)���X $��O� Mon1 Mon2 Mon3 Mon4 Mon5  Mon1  Mon1 Mon2 

P2O5  {j/�| {j/�� {�/�| 1}/�� {�/j~ {j/ji {j/i1 1i/|� 

SiO2  j/1~ j/}� j/{� �/~j j/1� j/{� �/1� {/�� 

CaO  �/jj j/~j {/11 1~/i1 �/{} �/j~ �i/i~ {j/|� 

PbO j/jj j/�} j/�� j/jj j/�� j/jj j/jj j/jj 

ThO2  �/�i }/i} }/�i �j/}� }/�} }/~1 �/�{ }/�i 

UO2  j/jj j/ji j/ij j/�j j/{j j/jj j/�j j/11 

Y2O3  �/}� �/�~ 1/j~ �/jj 1/}j 1/~~ j/i� �/�i 

La2O3  �{/}1 �{/�~ �1/1} �/|| �{/jj �1/�~ |/1� �/|� 
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Pr2O3  {/�j {/ii 1/|| �/�� {/�| {/jj 1/}~ �/{� 

Nd2O3  �1/�� ��/~j ��/�� }/�{ ��/j� �j/�{ ~/i~ �/�{ 
Sm2O3  �/i| �/�� �/~{ �/ji �/i� �/�� j/i} j/~~ 

Gd2O3  �/}� �/�| �/�| j/~~ �/~| �/�� j/~~ j/|� 
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Crl %  i/{� }/�{ 1�/1� i�/�1 ��/1� |/{{ ~�/}� i}/~� 

Hut %  �/�� �/�~ �/1| j/�i �/�� �/�� j/~� j/�� 
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?)���X $��O� Ilm1 Ilm2  Ilm1 Ilm2 Ilm3 Ilm4 Ilm5 Ilm6 Ilm7 Ilm8  Ilm1 Ilm2 

SiO2 j/j� j/j� j j j/j} j j/j� j/j� j j j/j� j/j1 

TiO2 �{/~ �{ �� ��/| ��/i ��/} �{/i �}/{ ��/1 �{/� ��/� ��/~
Cr2O3 j/j} j/j� j/j� j j/j{ j j/j{ j/j� j j/�{ j j/�

Fe2O3(c) j j |/j� i/} ~/{ ~/1~ i/~� }/~} i/� |/1i }/�{ ~/j~ 

FeO(c) �1/� {~ {1/i {{/} {1/� {1/| {1/� {�/� {1/{ {�/} {}/1 {�/�
MnO �/~| |/~� ~/�{ }/}| ~/~� ~/~| ~/�{ ~/�| ~/�i ~/1{ �/{i �/i
MgO j/j� j j j j j/j} j j j j/j� j/j| j/ji 

CaO j j/� j j/j} j j/j} j j/j1 j/j� j j j
ZnO j/�� j/�1 j/�� j j/{i j j j j/j| j/�� j j
Total �j� �jj |�/� |{/| |1/� |{/~ |�/| |�/~ |1 |�/| |1/� |1 

Ilmenite i|/} ~| ~{/| ~�/| ~�/{ ~�/� ~�/1 ~}/1 ~�/i ~{/� i{/� i�/�
Geikielite j/�� j j j/j� j j/1� j j j j/1� j/{� j/{� 

Pyrophanite �j/1 1� �~ ��/1 �i/� �~/i �}/~ �~ �}/i �~ �j/1 ��/1

Hematite j j |/�~ i/~� ~/} ~/� |/� }/i i/�1 |/}i }/{{ ~/{� 
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شددماسنجي  از زيركنيگاشباع
2,�
�� � 2,�3'�]R�[2/� BE �%�,%q (); '� �
* h;'�� 

�-#' �#�". \)<�3 � ��� �(<�
*='L�/���@ �9'�' :
Ln DZr, zircon/melt = {-3.8-[0.85 (M-1)]} + 12.900/T     
(�)

2X �� �<D Zr,zircon/melt ��-D �I�� Zr \�E �; 
ppm��='L� �� ��-D ()O� �; ='L� $/� 7�I�' 

)ppmv�T~(�M�; � �; �< �6' �I)<�3 �, <�	 M
 
�� (<�
* 2/� BE �%�,%qSiO2�='L� � )")�,�X�5 [(Na 

+ K + 2Ca)/(Al × Si)] )�,)3�< ��< �� �%O��(�I6�b�
�� � �/�,�T�>�� �; /
�; �< �6' (
,-< \�E �; ��� 8

� ��6 � B
/I3 �'�:�,.�����!� (
' 2��@ \3�� �;T'� 
�� (
' 8'�; 2',3='L�$*'/�' 8��� 2',". �; �; $/� 8�):

�	�: ��� �� �f"6��� ()�* o�� :
TZr = �1|jj[ |�/1 + i�/j M + ln (�}|jjj/Zr melt)]       
(R)
�,-I3 8'�; �O:�� 8��� *' �;,A ���'�; �< (<�
* *' 7�I�' 8���

"I� �; ��6' (<�
* J�I6�b� (
' 8� �6' $/� ���X�;)a�/>
R.(�
�,
�,�'�: 8'�; ��� (
' (); $,<�)� 8��i�} �3 lR� �

�)�'�:�?�,� 8'�; *' ���ij �3 i{��>�� � ��6 8�� �'�:
�6' �))K3 .8�O:�� 8'�; *'/: hA 8��� �< ��	 (
' �;

 ()%��)� �; $,<�)� � )�'�:i1j �()"q ��6' �3Q�;='L� -

�� ��&	 �� /
�; �vdd �3 �dd a�06�5�%� )�3Q�; �
 �(*' �

/"��; $/� B)0&3 �)3,); 8'�?;X =�Y p
�P ]RT[.

و برداشتبحث
$�'� �;�"; =�Y p
�P *' � )�'�: 8�O:�� /)�,3 �;�f3 8��

n"<'� �; �6�6' �&�; �
,06,� � �)3,); ( �0� 8��
�� a� "< �,�]R�[.U��?;X =�Y n"<'� (
�3 �
,06,� 8'�
c"6 ���6' �
* J�,# ��)-)6 8��:

s
�� +J�0)-)6 +,)"�,�X 8�� �'� +U)�6� 5 ���6/-	 =��)I�X +
?3�',< +�
,06,� 

��6��; k�6' �; ���;�f3 8��� 2/�� �	���' ��;Ca)8',� b�
 *G<,
HG5 �� �)3�,�X(�3Q��; 8����� �O6 �; n"<'� �)��"!


 *'TR� ��3 °C�dd ��&�	 �� ���;,-)< ��(��� �,�6 ��;�
 /]Rl[.
8�'/�� 8��E �
,06,� �w��"qFe �Mg �Ti ����< /���; �-

B)0&�3 ��6' (�0O� �)3,); � �
�
��< B)IN *' 8�%
� 8��
 /�,�]RT[.�; ��-< �,P �; $��/b� B)�� �M�q,< ��I)<�3 8

��� �� $��))K � M�3 n"<'� M
 �� �
,06,� 8'�?;X =�Y-
*' �Cq,��@ ���O< U�fE \��-D' � �/��� ='L�� ()�,���X�5 8����

��
* 8������ �� M)�-	��d ��� ��6� ��; /�"
X .�,]�E ��

 
� �E\ ��<�2جدول; (<�
* *' �.�I�' 8��� 8� ��6 $,<�)� 8/)9, )�'�: �)�,3�; �- �� 8��/E'� 8'�; �'�:)k�6' �;]R�[.( 

�)�'�:�?�,� TZr  �
�,
�,�'�: TZr 

S.K.i ~|{/~ S.K.�� ~|i/�
S.K.� ~}�/� S.K.1{ i�1/~

S.K.{| ~i�/~ S.K.1� i11/1
S.K.�j ij�/~ S.K.��� ij}/1
S.K.}} ~i}/�
S.K.~� ij�/�

S.K.�jj ~i�/~
S.K.�j� ~i�/1
S.K.�j� ~}{/1
S.K.��� ~i}/~
S.K.��} ~i}/�
S.K.�11 ~|j/�
S.K.�1{ ~i~/{
S.K.�1i ~ii/~
S.K.�{~ i�1/~
S.K.��1 ij}/1
S.K.�ij ij|/�
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 *G<,
HG5 �?3�',<±J�0)-)6 +,)")�,�X 8�� �� �)3,); ��'�
/� /�',A � �0� �
,06,� *' 8�3Q�; 8����� .n"<'� a/�-

�; ���&	 � �)�,3��5 \)<�3 �; � �; �)3,); ��0� 8��
 M) 0 
�5 M)	�� ���< /"q �
 M
 B)0&3 +�� "� s
��

�� a�t� 8'�; ��,�:
s
��+����:±�
�
��< ±*,3�' =*G<,
HG5 +?3�',< +

 )3,);���< n"<'� (
' �/ B")�6' 8��Fe-Mg �) )"� �
+,)�� )3 �)3,); $�G. �; �B)3�� �Q�O E' ��)"O-
' � �'� 8��
 /
/>)�;Ti �MgU)")�,�X *' ����6 � � &); (]R�[�

a,I)Z�X,3�' /M)�-< /"-I��,��� B)0&3 /�,� .�"b"� 8��
 8�]	 �� �)3,); 8'�?;X n"<'�P-T � +,
?)"� �/. �; 

8', b�Ti � +,
?)"� �/. � �)3,); TiO2 2�;?)� c"6 
�6' � �;'� .XMg �"b"� �� &); +,)�� )3 8', b� � �3Q�; 

�� �,6 8�3Q�; 8����� �; '� �)3,); 8�'/
�5�� /��]Sd[.��
�Y ��
,06,� �; ��
��� ��>,3 B;�N �'/�� �; �)3,); 8'�?;X =

$� �: ��$�� �: � �3Q�; �
��� 88�3 )��d�3°Cl�d (
�)�'�: � � 	�: J�,#U)fE 8�� �� /)�,3 '� 8�3 /"@]S�[.

/E'� *' �q �� �$,<�)� 8/)9, )�'�: �)�,3�; ��
�)�'�:,<,� �O6 �; � 
�,
�,�'�:�� � 0
�?� �� *' U
,�

 �)3�,�X 8', b� �; � $/� � 6�< ��*G<,
HG5 �)I�X /#��
�� $��?	' �,� .�
�,
�,�'�: (
'�;�"; ��='L� *' �"D 8��
*G<,
HG5 �)�'�:�?�,� �M)�-< ?<'�� �; 8�� ��='L� �&
'/> 

�
�,
�,�'�: *'�)�'�:,<,� � �� ��='L��N�; 8�� 8�)A�3 $/���
/" �� .�O��)3,); 8�� 8��/E'� �� �,>,� 8�� �- 

 8'�'� �)�,3�;AlIV /" �� Q�; )R/S�3R/T/E'� �; U3' 
��,��	 (�:x
� *' �<�)�'�: ��C�X 8���6' ()�,�X�5 8�� .

�I�� � +,)")�,�X 8', b� $/���&)5 n
'?	'
Fe2+/(Fe+2+Mg) �)3,); ��$/"�/��&� ��� �',� U�6 8
c"6 �P � 6,58/)9, )�'�: �)�,3�; ��03��X p
�P *' �
'* 

�6' $,<�)�]{1[.�,I�TiO2�
,06,� �� A�6 �� (
/; ��
2X �< �6�"!�$�,I� �
�O:�� ���Q�O E' � /�' 8Q�; U)")�,�X 

='L���3 �*' 2X �:/�FeOt�TiO2'� �&
'/> �,-I3 �P
�� 2�&� /�� .8', b� � �8Y,Z� �,I� �����: 2�,; B0� �,A

Fe+2)h6, � �,P �;R/R/E'� �; U3' ��,��	(�Mg ()
�5 

)v/d��,��	 /E'� �; U3' (��`"� 8,%�' �8/";Mn ?<�� *' �< 
�� n
'?	' �)��E �; /;�
)�T/d�3SR/d(�"I� �-
Q� �%O� �

���I�� �� 2X B)0&3 �;�6' �,-I3 8.�
*��,� �
�� �' ,]. ��
B)0&3 �) ��;'�; �$/"��/" �� �
*��,� $��: �-#' 8�� .

��'� �,]E ��B0� (%O� 8*' �)�	 �
*��,� ^�?; �'�Th �U

�) ��;'�; ?
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'
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