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Abstract: On the basis of microstructural evidence it is clear that SMC metapelites have 
experienced at least two regional (RM1, RM2) and one contact metamorphism (CM). During 
RM2, several porphyroblasts including kyanite, andalusite, staurolite, cordierite, garnet and 
fibrous sillimanite have grown in the mica - schists. In order to estimate the PT condition of 
metamorphism of metapelites, we used cation exchange and multi-equilibrium methods. 
Temperature of RM2 estimated using, Grt - Bt and Grt - Chl thermometry 650 - 700 °C. Also 
PT conditions are calculated by THERMOCALC computer program which is based on multi-
equilibrium reactions. Kyanite - staurolite - cordierite - bearing mica - schists are 
metamorphosed at pressure ~5 - 7 kbar and temperature ~650  ± 50 °C. Thermal gradient at 
the SMC is considered to be ~ 40 °C/km. This thermal gradient is similar to those from 
continent-continent collision settings. 

Keywords: metapelites, HT/MP Metamorphism, mineral chemistry, thermobarometry, 
Shahindezh  Metamorphic Core (SMC). 
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��4\� � / %7+ M-8'$ 	-�40(��= / 	-�/��>)( D(�( D�A

 �$ 	�"�"fW�%D/�; g�
 C: 	-�40(��= / 	)( 	�48��
�� %	)( .�(7��Al2O3�G ���f ,�( Z/�W %��7)� .

	�"5f :��!O$ �4� 	�"5f V�I*� �)� D��&*) .( ��4\� /
7*>
"0 �("N ���-\-+ .���f ,�( D("G y�!-*� ��4� "�fZZ/X 

c�/X	)( .D7*G ��#2 z�)( "G]�c[Hey � 4J4� 	�"5f 
( 	�"�"f ��4\� �( 	���0 V�4\� � / %4G 	-�/7-=� e4� .( �

/ 	)( 	�"5f4*-= e4� .(Si �( D">'-G )M8+Z.(	-��1

	���0 V�4\� 	�"5f � 	��*
 V�4\� � �8-��; � �	)��G �(

	�"�"f�*n 	����( / "5f4*-5f .( 	�"5f ��( / 	)( "$
	)( �>+( �*-k�= 	-��1
 	��*
 .C4-$�fSi .( �/9 W/9

�� "--�$7*f .�(7��Al��4\� � 	�"�"f D�A � / ">'-G �(
��4\�	���0 D�A	)( ">\f �( .��4\� 	�"5f � !*&*� �(7��

	�"�"f "G("G �(9/X	���0 V�4\� � /	)( ">\f �(XY/X
	)( .D��>�"5f � y�7)SMC �+4= y'L 7; � �� "Tq 
	)( .

	�"�"f :���f ,�(7�7+ ��!O$ �&*) V�4\� / � .a-f"$
 / %4G 	d(4*8� 	�"�"f D("G ��4\� / "A � ���-\-+YZ%

�$W�%.(MgCrd /�%�$Z/9%.(MnCrd %7+ M-8'$ 
	)( .C4-$�f ��(/("
Fe2+���f ,�( � apfu Z/XD(.( �G��

	)( Ci-�f( .
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"O�7��� �Cu�� � ٨

*�#�از دادهةخلاص+ ، بـراي كـار پژوهـشي تعداد تجزيه هاي انجام شده در ايـنة تنها يك تجزيه معرف بعلاو.هاي كانيا نقطهآناليز هاي حاصل
.اندتدوين در مقاله ارائه شده

 وكلازيپلاژ
66=تعداد

تيوتيب
58=تعداد

تيمسكو
3=تعداد

 گارنت
 108=تعداد

تيلمنيا
6=تعداد

تيريكرد
31=تعداد

تيكلر
5=تعداد

تياستارول
13=تعداد

27/66 00/36 70/45 33/37 05/087/48 41/25 70/27 SiO2

01/081/143/003/094/52 01/011/050/0TiO2

46/21 10/20 49/37 79/21 20/253/33 19/23 33/53 Al2O3

00/007/000/001/002/001/004/006/0Cr2O3

00/041/17 78/070/33 85/41 96/548/23 34/13 FeO 
00/000/000/032/100/066/100/000/0Fe2O3

00/012/001/044/001/251/019/041/0MnO 
00.0 73/10 37/047/520/096/829/15 87/1MgO 

32/102/007/060/004/000/002/000/0CaO 
17/11 36/068/100/000/021/000/018/0Na2O

09/042/828/800/000/003/004/000/0K2O
46/0ZnO 

40/100 05/95 82/94 69/100 34/99 75/99 77/87 85/97 Total 

899/2698/2018/3945/2001/0944/4641/2723/7Si 
000/0102/0021/0002/0990/0001/0009/0105/0Ti 
107/1776/1919/2027/2064/0999/3842/252/17 Al 
000/0004/0000/0001/0000/0001/0003/0013/0Cr 
003/0091/1043/0224/2870/0504/0041/2110/3Fe2+

000/0000/0000/0078/0000/0126/0000/0000/0Fe3+

000/0008/0001/0029/0042/0044/0017/0097/0Mn 
000/0199/1036/0643/0007/0351/1369/2777/0Mg 
062/0002/0005/0051/0001/0000/0002/0000/0Ca 
947/0052/0215/0000/0041/0000/0097/0Na 
005/0806/0689/0000/0004/0005/0000/0K

000/0100/0Zn 
537/0199/0XMg 

024/0XZn 
024/0XMn 

73/0MgCrd 
023/0MnCrd 

000/0Hem 
954/0Ilm 
046/0MnIlm 

755/0XAlm 
01/0XSps 
22/0XPy 
02/0XGrs 

302/1982/0AlIV 
474/.0937/1AlVI 
524/046/0XMg 

76/0Ms 
24/0Pa 

06/0XAn 
94/0XAb 
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�� / ���f �\-+ C40"0 �>�A � 4J4� z� D��&*) �O*) ��'
 . . .�

78�;D��>�-+ .( %7+ !-���: D��>-$4-G a-f"$ ]�.4$SMC .��4\� j� !OG�-�G a-f"$ V	)( �G�'� ��>-$4-G .

78�<D��>���0 ���-\-+ a-f"$SMC7*>�A �*n C7��\�: .( �&\A �f .

78�=7*G ��#2 �(4\� � 	�"5f ���-\-+ a-f"$ ��>�"5f D]�c[.D��>�-+ � 	�"5f4*-= / 	-�/7-=� ����� 4�6SMC	)( �>+( 4J/ .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

27
 ]

 

                             7 / 10

https://ijcm.ir/article-1-645-fa.html


"O�7��� �Cu�� � ١٠

	-�/��>)( :	)( %7+ ��!O$ �&*) V�4\� / � .��4� "�f
 �( y�!-*� 	-�/��>)(�/�Y %�$9X%!*&*� 	-�/��>)( ��(9%

�$c/�%D/� 	-�/��>)( /�(c/9%�$�/c%	)( .��(/("
ZnO 
,�( � /7; � ��-��f Z/X%.( y�!-*� ��4� "�f / ��W/X�$

9/X	)( "--�$ �.
.<E4�@<= :� ���f ,�(Y7+ ��!O$ V�4\� .	-#�: .( ���f ,�(

 	)( .<f4&-�( 7; � / �*n(An 4-20Ab 72-95) . ,�"$��G
	���0 V�4\� � 	-$�4�: �(7�� .( C: 	���0 �f 	)( �(

*n C7��\�: / ��4)/"0	)( �.� 	-#�: �(7�� ,�">'-G
��4\�	�"�"f D�A	)( %7+ %7� �(.

��$�8-5-)4*-�4�: :7�7+ !-���: ��4\� / � ��-��f .( �>) ,�( .
��(/("
SiO2"G("G Wc/�Y% Z9/�W	)( .34-*-�4�: �(7��

cc/YX% X9/Y�	)( .�(7��FeO .( ��/X 9X/X"--�$ �
	)( .��(/("
MgO� /7; � ��-��f ,�( X�/�%	)( .

	-*\5�( :	)( �>
"0 �("N !-���: �4� ��4\� / � ���f ,�( .
D��>-5=�>� � �7f D��-��fSMC 7*>�A 	-*\5�( e4� .( 

)�W.(% 	-$�\A �f7�( �(7��)X% �(	-*\5�( !*&*� /)�% 
Z(�( 4J/ ���f ,�( �.

�����
>�� ������� ��� ���� �&
,--1$ D�A!�@(��= D("G �8-��*�4�"$ D��+/� ,>�G ��f �G

 �>
�G H�4q �G %7+)�=48)/"8-�(�� D�*#� � �O*) ��'
 
	)( %4G .p�1$ p�; � !�@(��= C(4*6 �G ��-��f m��>�( �

 	)( %7+ 	N)p�~� D("G ]�Z��Y.([ 
C40"0 D��&*) .( ��4\� 	TA �4� � �5f �42 �G

SMC��  '
�*`*� %�0�4d"G !-� / ���4-$�f �O*) �� D�A
	)( �>
"0 3�O�( ���07*L p�1$ ../"G .( D"-&'-= D("G

 / �� ,--1$ � ��-��f a-f"$ D"-0 ,-&��-� .( �+�� D�Id
 �G ����"L / ,�!-*�/"
 �*-'��J D�A�("G z�)( "G ��'

 %7+ �J4$ p�1$ p�; � D��-��f �#-f"$ V*-'-G / �*-\f

	)(.	#| "2�d �G 	���0 	)<G/"-
�4= �4� � �4}d �G 
�-+�; / !f"� a-f"$ �G %7�/"�= ��40"0 M;("� 	N �A

7+ %�T>)( �*-'-G D�� ,--1$ D("G !f"� a-f"$ .( / %"f .
�� .( ��4\� �) �O*) ��'
 SMC K/� .( %�T>)( �G 

%( / ���07*L ���1$ D��'*f(/ ]IN�8-��*�4�"$ D�A 

Holland and Powell]�W[V���"G �THERMOCALC 

(v. 2.4)]��[�*-&��-� ��'
 / �� 	��; �]�����[3�O�(
	)( �>
"0 .	#�� !-� / ��-��f ����� D��6( 	-��1
 a-f"$
Fe3+/Fe2+V���"G �G AX �#)�`� �-�/( �*-\�$ D�� � 

7�7+ .p7� .( 7-T) D�8-� 	-��1
 ����"G ,�( �Van Laar 
]9X[	��) p: %7�( �<>d( p7� .( 	-$4-G /A1 M1 

%7+ �#)�`�7�( .� p: %7�( �<>d( 	-�/��>)( D("G ����"G ,�(
cD��6( 	-��1
 C�/: 	) �G D("G / �>
"0 "x� � (� 	��) 

	#�� / m: ,>
"0 "x� � C/7G �	�"�"f �����Max ratio 
"G("G9/X�� M\6 7*f .#)�`� ,�( � ,�( "G �"
 %�(4\A H�

 a-f"$ �G F��d b��+ �f 	)(H2O�64\O� V\A D("G � �A
	)( %4G ��->d( ..( �("`�( 	)( %7+ �1) �#)�`� ,�( �

 .( �-G ��'
 D("G ��-1�Z/�.( �-G �� D("G / ��G45-E WX
7+�#� ("&->��) �J� .D("G ��4-$�f p�#$ D��+/� .( %/<1G

4\� � �� ,--1$��7+ %�T>)( �( 	���0 D�A .	���0 K/�  
	-$4-G]9�[	���0 / 	�"5f ]99[%�T>)( �4� D��+/�

%4G �4x*� ,�( D("G7�( .D��>-$4-G �f 7+ �1) �4� ,�( �
 4J4� ��*-�.�/�O� /	���0 4+ %�T>)( �A .p/7J9

� �f (� ��-��f ����� D��6( ,-&��-� / �"1� 	-��1

�`� ����"G H�#)THERMOCALC�� C�'� ��>
� ��8G 7A.

	���0 ��4-$�f �O*)�� 	���0 / 	-$4-G  D/� "G 	�"5f 
��I*� .( ��4\� ���LSMC7+ �>�G ��8G .%( �G �4G"� D�A

 �*-'-G D�� 	���0 !f"� .( %7�.("= !�� ��!O$W�X  YYZ 
	���0 �O*)�� VO->� / �("&->��) �J�  �"5f !-� 	

D��Y�X  W�X C�'� 	���0 !f"� D("G (� ("&->��) �J� 
��7A .

�� U��>� V���"G �G �O*)��'
 THERMOCALC D("G 
��4\�	-��-f D�A  	�"�"f 	�-+ 	-�/��>)(SMC ��'
 
V*-'GZ/�±9/W 9/ZD�� / ��G45-E YX±YWX �$ YXX 

�� C�'� (� ("&->��) �J�7A .M8+YO->� �� V ��'
 
�*`*� / ��4-$�f �O*) ��-G y)� �G (� ���0 7*L ���1$ D�A

�� C�'� �Id7A.
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�� / ���f �\-+ C40"0 �>�A � 4J4� z� D��&*) �O*) ��'
 . . .��

*�#�?q<dV��1
 -�� � ��-��E 	–O*) ��'
 �����"G g)4$ THERMOCALC.

��@ A����
���
B�C� .
�DE& F���� �'��@ 
��G�H �&#CH'�
=4045
-	���/�
�:-	���/�

�4>)(-	���/�
�� 

4R���	��/�
�40(��=-	��/�
�/<)-	����/�

�

5E-"5E4*���/�
*
-	����/�
��(-	����/�

�

�/��>)(-*� 	-!��( y����/�
�/��>)(-�( ,A: 	��/�

�� 

"E�"�	��/�
"E�"��( ,A: 	��/�
"E�"��( !*&*� 	�����/�

�� 

#�:-	��/�
$�4�:-	��/�

�� 

E-��-	�
!$�(4E�

78�IU��>� �f ��'
 / �� �(4\� �� �O*) ��'
 / ��4-$�f p�#$ ���07*L p�1$ �f (� �G���"G VTHERMOCALC C�'� �	)( %7+ �#)�`� 
��7A .C4�("-= �Id D4�-G	)( %7+ y-)"$ �*-\�$ ��'
 / �� ����.

F�&��  
�� U��>� ��'
 �����07*L ����1$ D��'�*f(/ ]�IN ��G �O*) 

���G D��� ��4�0"0 %7*A C�'� /,-&���-� ��$ ,-k��= ��'�
 
(HT/L-MP) D("��G SMC	��)( .D���� / ��'��
 H("��--�$

 "G("G P��E4�"$ V���"G �G ��I*� ,�( D��&*)Z��$ W� ���G45-E 
/7�; oCYZX 7�7�+ �#��)�`� .���G ��4��0"0 V*-'�-G D����

 K/� .( %�T>)( 	���0  	�-$4-G 	����0 / !�f"� .( 	��"5f 
/7; � ���4\� ���L � ��>���0 oCWXX 7�+ �#�)�`� .a-�+

 �k��"0 ,-�.SMC /7; � oCcX 7�+ �/:"�G ">�45-f � 
%��N %�0�4d"G g-`� H�}�'� �G �f �( K.("= %��N .���

 � ����-��f !�@(���= !�-� / %7��: 	) �G ��'
 /SMC �G�'�� 
�7��T�4�) 4-�)�� C�G!-� C40"0 D��&*) .( %7+ K�(!0 �(4

Rajpura-Dariba 7�*A m"���\+ � ]Y[��4�0"0 7�*G"\f �
Taba "}� � �*-) D("`q � ]W[,-�� ��)"A D���>-5=�>� �

Canigou ���("
 ]Z[������= ,8����(/ D��>-5=�>� �Bossost 
dome D!��f"� V���"-= ]�[,-��� ���)"A C4��0"0 D��&*��) �

Velay Dome ���("
 p(">��) 4-)�� ]9[D��>-5=�>� / �HT-
LP B"'��\+ ,8���(/ Iberia �-��{�)( ]c[	�)( .,��( V�\A

 %��N �4d"G "|( � C40"0 D��*-�.") %7+ Mq�; %��N / 7�(
 e4� .(HT/MP�� m4�`� 7�4+.

��&��#J � �9�H 
�4�
/"= .( �5-)4*�7GP. O'Brien 3(7�>= %�&'�( �>)( 

�:�4�
/"= / C�\D. Whitney D�$4) �*-� %�&'�( �>)( 
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"O�7��� �Cu�� � ١٢

�k�\*A(� M-� �G �R�"�:�� "R'$ �\56 b7�.�( D�Ay-*f .
��!O$ � ����� ,�( � %�T>)( �4� ���-\-+ D�A !E"�

 H��-�`$GFZ 	)( �>
"0 H�4q C�\�: 3(7�>= ..( /"*�( .(
 ">ERhede /y��d Appelt H��-�`$ !E"� � GFZ�:C�\

y��(!&)�{) "�( ,�( � C�'���R\E "2�d �G.
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