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��E�����E����$�%E&�

�'��(��)�#��%�<�St- Gol*5�]*��	���E�3�h7�E��i���XMg�����E&�6�.��.E�����E0P�=H��7	�
E ����	���7��E����jE���(�G�EQ��E0.�

��������0����XMg�=H�&�6�<�7	�
 ����	��P��(���F�=H�&�6�<���7����j���(�Q�� ���

��

��&(m�H���7(����,����0�	�����������H��

�3*12��;<���4�4�+��
��5��K�_%��+�����K��:/�+��+:����:2�������:�����:D+��$�:�����:4����:��m��:����U+�3��:����G+��:��O�P�

N2)��;<���4�4�+��2���C��5�@�*e&���-�L�
Z0�����?���K��J��;F<��`_���<����3�<���*+��;+���)���*������-�

�3::*12��::;��*�::���::*����::��C���::�<�/::)�.�@��::;�%����9<���������::2�O+����L���::�����::*+��::;�5��d::����������::;<� �

Geo-Path����7%)�����x�'y�C�9����<��_`2����:2�<���:��<������:���4���:;<����:��������N2:)���:;<��+:)�������:���:*��

�����$J����L��8��FU��1�2��F���5����*F������)���G���3�*1;����$�F�F2
2������;�-�&�����)�����:G*+�5��

+��4�4��1�9���3��E��	9�%���;�<�+)���������)�C��%/K��5���k�$X��;���-���:8�2
�3�5����:K�G���:_`2���<��b��:D�
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�4� 

�;�5�%&+�����4�3��3�%)����3�2f�;�-��;�5�%&+�����4�3������:������:�<��/:)�.�@���:���5���12:*�3���:;<��K��:/�+�[z\�

GrtMg + BtFe = BtMg + GrtFe ��x�Sy�3���[R\��GrtMg + StFe =StMg + GrtFe�x�'y�::*��+::���::2�����

�::;�%�����<�/::)�2�+��2::�������7%::)��::��C�K�::�J�F��::`_���<��::��3�<�::*��+��::;<�Grt�3�Bt5��::
��?��@F�X���::9<�

Qtz+Grt+Qtz+Ms+Kfs+Bt��*�����v�)���3*12�Ms+Bt+Qtz=Grt+Kfs+H2O�����=��:����:)�������:���

���$��2
��%�3���<�e)�2�����<�/)�.��@�U������7%)�����x�SCy��

��:%��W��P:8�G�5��X�%�3��::������A<���:�-�N2::)���:;�::*����:�����7%::)��5���d:����������::;<�Geo-Path���/:)�.��::����

�)������=3����;<���3����A���������)�C��

$	�"�45��
�(n�W �T�<���H������.o�%l������Grt + Bt�=H����
��������$�%&��'��(��)����d� ���	0���#[*��

T oC T oK P, bar KD XMg
Bt XMg

Grt Grt Bt 

498 771 5000 2.23723 0.51 0.10 7 1 

539 812 5000 1.975633 0.54 0.14 2 2 
508 781 5000 2.170784 0.52 0.11 1 3 
553 826 5000 1.895333 0.52 0.14 3 3 
492 765 5000 2.277267 0.52 0.10 6 3 
502 775 5000 2.210885 0.53 0.11 1 4 
546 819 5000 1.935434 0.53 0.14 4 4 
486 759 5000 2.317369 0.53 0.10 7 4 
546 819 5000 1.935434 0.53 0.14 5 5 

$	�"�@5��
�(n�W �T�<����
��=����=�C�!���H������.o�%l������Grt + Bt+Ms+Qtz�=H����
��������$�%&��'��(��)��

P 
(kbar) T oC T oK XPrp XMg

Bt XMg
Grt XFe Xca Ge(Prp) Grt Bt 

1.9 498 771 0.1 0.51 0.1 0.8744 0.02 83.868136 7 1 
4.0 539 812 0.13 0.54 0.14 0.8571 0.03 122.59969 2 2 
2.6 508 781 0.11 0.52 0.11 0.9551 0.03 137.55445 1 3 
4.1 553 826 0.13 0.52 0.14 0.8521 0.02 80.553742 3 3 
1.8 492 765 0.1 0.52 0.1 0.8641 0.02 83.022403 6 3 
2.5 502 775 0.11 0.53 0.11 0.9551 0.03 137.7761 1 4 
3.9 546 819 0.14 0.53 0.14 0.8431 0.02 79.862143 4 4 
1.6 486 759 0.1 0.53 0.1 0.8744 0.02 84.135894 7 4 
3.9 546 819 0.14 0.53 0.14 0.844 0.02 79.946535 5 5 

*��H�d� ������0�	�#�*�	�£=�C�����d� ����0�	�#@*�.W �T��&� 
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���U<�TV������VQ�*�����	�����$�:����+:����:;���:*����:�3��3��:&�������:4�4�+���:�F�����:�OP������:)���:������:)�C��-:���
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����:*�

1��)�U�3��/t���tJ�+��4�4��w9����3�����<3��-���N2)��;�����C��

��


��.l�������

+::)�����::;<�+::U��43�%9�3�::�K�`��@<�::;F�X���9�::
��?�@�+��::4�4��=��::��$�::
��>	4��::��OG�5��+��::4�4��
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��
��

3,&�4@5���Q�������H���&�J� ������
����
��$�%&���)(�'�������	=�e��)(H�=�C�!i=��6�?@[A��

m`�2�+1���Q�����%
6��������H�����-��	=�	��
C����J� �����-�&�� =����

+�����#��C�<�����9������	*����P��_����>)�	U���)�%9�3�P�O�����:O�����C��<���:��9�����:��	*�3�����O:&��3��P�O:���

����4�3���������'C�<�����9�����A�%��	*�3�P�O������3�%)��3�����4��QC�<�����9�����:��	*�������:�G���:���4�3�

P�O������3�%)��3���:�������SC��<���:��9�����:��	*�������:�G�����3�%:)��3��P�O:�����:������3��:����*���TC��<���:��9���

���3�%)�����$����+���2;�C���

	9�%�::����::;<��>	4�$�::
�����3�::.�E��::���+�ST��c�QR��::���@�%��::)+����::4�3���::�U��VQ�c�TV��*���::��	�PO::��

�%U�4����.����v�)��+2.2��P-T-t�+4��J����e�����/t���tJ�+��4�4��w9����3�����<3��-���N2)��;������)�C��

��K��3�9�-���N2)��;���<���-)�v����cd�)��3X������3����d�)��3X�+����9�����+0��5�:U��-��:��*���-�:&9�

P�.%��+��4�4��=�������2�������G���&D��E��K�/�7�J�+2���9��������C��
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�@� 

��� ��45�i�p�C��.��%�����(�.0�e����F����=H�2
���0q�-�&�� ���
��

�����E�����  L�~%%h��+���U��M��P.��������  ����N2)  

Chl N 33° 36´, E 50° 17´ ����4���A�%��	*��&��  

SF-7 N 33° 35´, E 50° 22´ ����4��&��  

G9 N 33° 36´, E50° 23´ ����4����3�%)���&��  

St-Gol N 33° 36´, E 50° 23´ ���3�%)�������*��&��  

 
��� ��@5����F�J� P�30����
��������$�%&��'��(��)��

 

Total LOI P2O5 K2O Na2O CaO MgO MnO FeO Fe2O3 Cr2O3 Al2O3 TiO2 SiO2 Sample 

* * 0.111 4.6 0.262 0.56 1.951 0.14 0 5.79 0.018 20.57 0.761 64.2 Ho-1-5-3 
99.35 4.2 0.12 1.05 2.01 2.76 1.57 0.06 2.49 1.85 * 12.94 0.48 69.82 Sh-13S1 

99.98 4.2 0.09 0.21 3.98 1.37 0.6 0.04 1.44 2.28 * 14.69 0.55 70.56 Sh-16S1 
99.06 5.59 0.09 0.19 3.48 2.09 1.09 0.08 4.12 6.17 * 10.56 0.39 64.87 Sh-17S2 
99.22 11.3 0.08 0.19 4 2.98 1.5 0.03 2.14 6.76 * 9.38 0.37 60.48 Sh-18S2 
98.99 7.76 0.07 0.52 4.29 5.05 2.43 0.07 3.8 2.65 * 11.14 0.5 60.69 Sh-21S1 
100.04 2.93 0.12 0.93 3.72 1.7 0.78 0.02 1.37 3.41 * 15.06 0.77 69.23 Sh-2S1 
98.93 7.48 0.16 0.33 2.66 2.32 0.93 0.03 0.94 9.9 * 10.02 0.58 63.62 Sh-3T 
100.02 2.53 0.16 1.72 4.03 1.93 2.04 0.09 1.8 2.08 * 14.61 0.72 68.31 Sh-4T 
99.84 8.12 0.12 0.18 2.51 0.65 0.18 0.01 3.06 3.06 * 9.99 0.22 74.02 Sh-6S3 

99.67 7.03 0.12 1.29 2.38 3.15 1.57 0.08 3.03 5.12 * 11.75 0.4 63.75 Sh-9S3 
* * 0.231 1.8 0.024 0.84 2.044 0.09 0 11.36 0.046 17.86 3.588 58.39 Sh-g2 
97.59 * 0.154 3.5 1.413 1.32 5.928 0.05 0 7.85 0.034 21.6 0.896 54.84 Sh-JO-1 
* * 0.164 4 0.323 0.6 3.173 0.09 0 5.99 0.026 22.35 0.796 58.39 Sh-S9 
* * 0.08 2.09 3.104 1.58 0.339 0.11 0 3.73 0.014 19.29 0.326 65.46 Sh-SF-2 
* * 0.106 2.33 1.953 1.54 3.995 0.1 0 6.44 0.036 18.43 0.928 61.3 Sh-SS-12 

��
��� ��I5����F�P�.;/�����H��97�������0������H�"���=H����
��������

   Sample – St- Gol    

Mineral Bt Bt Bt Bt Bt 

Spot 1 2 3 4 5 

SiO2 34.757 34.662 35.994 35.778 36.291 
TiO2 1.626 1.589 1.794 1.885 1.609 
Al2O3 18.976 18.634 18.660 18.831 18.829 
FeO 18.659 18.984 17.510 16.881 16.884 
MnO 0.042 0.174 0.069 0.049 0.220 
MgO 10.864 12.357 10.656 10.892 10.733 
CaO 0.143 0.036 0.007 0.020 0.058 
Na2O 0.252 0.036 0.190 0.095 0.201 
K2O 9.628 9.701 9.842 9.627 9.759 
Si 5.314 5.245 5.471 5.453 5.503 
Al 3.419 3.324 3.343 3.383 3.365 
Ti 0.187 0.181 0.205 0.216 0.183 
Fe2+ 2.386 2.403 2.226 2.152 2.141 
Mn 0.005 0.022 0.009 0.006 0.028 
Mg 2.476 2.788 2.415 2.475 2.426 
Ca 0.023 0.006 0.001 0.003 0.000 
Na 0.074 0.010 0.056 0.028 0.059 
K 1.878 1.873 1.908 1.872 1.887 
XMg 0.509 0.537 0.520 0.535 0.531 

Mineral St St St St St 

Spot 1 2 3 4 5 

SiO2 28.339 29.284 28.818 28.844 27.582 
TiO2 0.478 0.579 0.617 0.584 0.603 
Al2O3 51.612 51.887 52.750 53.582 53.502 
FeO 13.527 13.355 13.098 12.559 12.066 
MnO 0.310 0.369 0.266 0.287 0.302 
MgO 1.923 1.950 1.473 1.527 2.792 
ZnO 0.153 0.044 0.153 0.092 0.031 
Si 7.987 8.135 8.019 7.974 7.680 
Al 17.145 16.988 17.300 17.459 17.559 
Ti 0.101 0.121 0.129 0.121 0.126 
Fe2+ 3.188 3.102 3.048 2.903 2.809 
Mn 0.074 0.087 0.063 0.067 0.071 
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�@4 

Mg 0.808 0.807 0.611 0.629 1.158 
Zn 0.032 0.009 0.031 0.019 0.006 
XMg 0.202 0.206 0.167 0.178 0.292 

   Sample – SFc 7    

Mineral Grt Grt Grt Grt Grt Grt Grt 

Spot 1 2 3 4 5 6 7 

SiO2 37.57 37.96 38.36 37.98 37.93 38.41 37.93 
TiO2 0.03 0.03 0.00 0.02 0.08 0.02 0.00 
Al2O3 21.09 20.95 20.92 21.15 21.11 21.24 20.88 
Cr2O3 0.00 0.00 0.00 0.04 0.00 0.06 0.00 
FeO 34.45 33.85 32.57 31.96 31.19 28.48 27.72 
MnO 2.21 2.11 3.32 3.77 4.32 8.25 9.49 
MgO 2.61 3.19 3.18 3.34 3.22 2.42 2.26 
CaO 0.84 0.95 0.63 0.62 0.79 0.73 0.68 
Sum 98.80 99.03 98.97 98.87 98.65 99.61 98.97 
Si 3.05 3.06 3.09 3.06 3.06 3.08 3.07 
Al 2.02 1.99 1.98 2.01 2.01 2.01 1.99 
Fe2+ 2.34 2.28 2.19 2.15 2.11 1.91 1.88 
Mn 0.15 0.14 0.23 0.26 0.30 0.56 0.65 
Mg 0.32 0.38 0.38 0.40 0.39 0.29 0.27 
Ca 0.07 0.08 0.05 0.05 0.07 0.06 0.06 
XMg 0.11 0.14 0.14 0.14 0.14 0.10 0.10 
XCa 0.03 0.03 0.02 0.02 0.02 0.02 0.02 
Alm 0.81 0.79 0.77 0.75 0.74 0.68 0.66 
Sps 0.05 0.05 0.08 0.09 0.10 0.20 0.23 
Prp 0.11 0.13 0.13 0.14 0.14 0.10 0.10 
Grs 0.03 0.03 0.02 0.02 0.02 0.02 0.02 
Xfe 0.95 0.85 0.85 0.84 0.84 0.86 0.87 

��
Sample – SFc 7 

Mineral Bt Bt Bt Bt Bt 

Spot 1 2 3 4 5 

SiO2 35.793 36.031 38.735 35.844 36.342 
TiO2 1.609 1.416 2.005 1.636 1.463 
Al2O3 19.129 18.815 19.067 19.033 18.797 
FeO 21.082 19.671 19.205 19.515 20.250 
MnO 0.033 0.031 0.059 0.046 0.063 
MgO 9.991 9.951 7.991 9.751 9.893 
CaO 0.164 0.293 0.216 0.232 0.319 
Na2O 0.182 0.217 0.534 0.27 0.182 
K2O 8.206 8.567 8.239 8.518 8.754 
F 0.184 0.053 0.294 0.000 0.254 
Total 100.811 99.512 100.822 99.284 100.762 
Si 5.395 5.476 5.750 5.452 5.478 
Ti 0.182 0.162 0.224 0.187 0.166 
AlVI 2.605 2.524 2.250 2.548 2.522 
AlIV 0.793 0.846 1.084 0.864 0.817 
Fe(ii) 2.657 2.500 2.384 2.482 2.552 
Mn 0.004 0.004 0.007 0.006 0.008 
Mg 2.245 2.255 1.768 2.211 2.223 
Ca 0.026 0.048 0.034 0.038 0.052 
Na 0.053 0.064 0.154 0.080 0.053 
K 1.578 1.661 1.560 1.653 1.683 
F 0.088 0.025 0.138 0.000 0.121 
XMg 0.458 0.474 0.426 0.471 0.465 
XFe 0.542 0.525 0.574 0.529 0.535 
Mg/Fe 0.844 0.902 0.741 0.890 0.870 

��

��

��

��

��

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                            15 / 18

https://system.khu.ac.ir/jsci/article-1-1449-fa.html


+U��43�%9�3��K3�%9<X���	9�%��<�;�1h��+�����$35�b�22)�c�$����)CCC�������������������������������)��+���r�-&.���)�+A�/0�/0�12� 

 

�@@ 

r������

�C IC��+��/��BJ�-��5�+)�2��$������$��5�)�-��5�+)�2��3�L�U��%*��+���������*�[�'R'\�SRT��C 

2. A. Ghasemi, C. J. Talbot, "A new tectonic scenario for the Sanandaj – Sirjan zone (Iran)", 

Journal of Asian Earth Sciences, 5 (2005) 1-11. 

3. M. Mohajjel, C. L. Fergusson, "Dextral transpression in Late Cretaceous contatinetal 

collision, Sanandaj-Sirjan Zone", western Iran, Journal of Structural Geology, 22 (2000) 

1125-1139. 

4. M. Mohajjel, C. L. Fergusson, M. R. Sahadi, "Cretaceous - Tertiary contatinetal collision, 

Sanandaj- Sirjan Zone, western Iran", Journal of Asian Earth Sciences, 21 (2003) 397-412.  

SC �C��+7����+)�����&����4���KJO-K�����=����$�
��>	4��$���9�����@�*<�%�%���@-��5�+)�2��1���4�<X�K3�%9����
:�����

�$�678��[�'RT\��T���C 

TC �C�<��G��5�*�+��4���O+	�<�;��2"��	G���<������_`2��=����$�
��>	4��$���9��:����@*�+:)�2�������:�������
:�������:�����

�v���)��'zR�(��'��C 

zC IC���/8�P�	.��<��%D�)�����:���<�:;��<��:7���$�:�F�;���:���:��4�O+	�����=��:����:�5�3�[�=��:����3�:D��$�:
��>	4\���$�:��9��:����@

*+)�2������������
������������v����)�'zR(������C��

8. N. Rachidnejad-Omran, M. H. Emami, M. Sabzehei, E. Rastad, H. Bellon, A. Piqué, 

"Lithostratigraphie et histoire paléozo�que à paléocène des complexes métamorphiques de la 

région de Muteh", zone de Sanandaj-Sirjan (Iran méridional), C. R. Geoscience, v. 334, 

\2002[ 1185-1191. 

9. R. Moritz, F. Ghazban, B. S. Singer, "Eocene gold ore formation at Muteh, Sanandaj-Sirjan 

tectonic zone, Western Iran", A result of late-stage extension and exhumation of 

metamorphic basement rocks within the Zagros Orogen, Economic Geology, v. 101, \2006) 

1497-1524. 

10.  A. J. Barker, "Introduction to metamorphic textures and microstructures", Blackie, New 

York (1991) 162. 

��C �C�-�����<��53�<X�K3�%9�N2)�<�;�+��4�4�����
�������������	���[�'zz\�''T��C 

12.  K. Bucher, M. Frey, "Petrogenesis of metamorphic rocks, Berlin", and Heidelberg, New 

York: Springer-Verlag, 7th ed., (2002) 341. 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                            16 / 18

https://system.khu.ac.ir/jsci/article-1-1449-fa.html


+U��43�%9�3��K3�%9<X���	9�%��<�;�1h��+�����$35�b�22)�c�$����)CCC�������������������������������)��+���r�-&.���)�+A�/0�/0�12� 

 

�@I 

13.  S. M. Tabatabaei Manesh, M. Sharifi, A. Romanko, "P_T Conditions of the Jandaqh 

Metapelitic Schists, Northeastern Isfahan Province, Iran", Petrology, v. 18, no. 3 (2010) 308-

317. 

14.  K. Bucher, M. Frey, "Petrogenesis of metamorphic rocks, Springer verlag" (1994)318. 

15.  F. B. Masoudi, B. Mehrabim, Sh. Mahmoudi, "Garnet (Almandine-Spessartine) Growth 

Zoning and Its Application to Constrain Metamorphic History in Dehsalm Complex", Iran. J. 

Sci. I.R. Iran, 17, No.3 (2006) 235-244. 

16.  B. W. D. Yardley, "An Introduction To MetamorphicPetrology", Longman Scientific & 

Technical, Singapore (1990). 

17.  W. A. Deer, R. A. Howie, J. Zussman, "Orthosilicates", seconded, Vol 1A, Rock- forming 

minerals, The Geological Society, London, UK (1997) 919. 

18.  A. Locock, "An Excel spreadsheet to recast analyses of garnet in to end-member 

components", and a synopsis of the crystal chemistry of natural silicate garnets, computers 

and geosciences, 34 (2008) 1769-1780. 

19.  J. Preston, J. Still, "Mineral chemistry Spreadsheet V 1.2", Electronic internet publication 

(2001), http:// www. Abdn. Ac.UK/ geology/ profiles/ analysis/ software/ Garnet. xls. 

20.  F. S. Spear, C. Kimball, "RECAMP-a Fortran IV program for estimating Fe3+ contents of 

amphiboles", Computer and Geosciences, 10 (1984) 317-325. 

21.  J. A. Dahlquist, C. Galindo, R. J. Pankhurst Rapela C. W, P. H. Alasino, J. Saavedra, C. M. 

Fanning, "Magmatic evolution of the Pen Rosado granite: Petrogenesis of garnet-bearing 

granitoids", Lithos, 95 (2007) 177–207. 

22.  D. Vance, T. Holland, "Adetailed isotopic and petrological study of a single garnet from the 

Gastts schist", Vermont. Cont. Min., Pet., 114 (1993) 101-118. 

23.  L. L. Perchuk, Yu. Yu. Podladchikov, A. N. Polaykov, "PT-paths and geodynamic 

modelling of some metamorphic processes", Journal of Metamorphic Geology, 10 (1992) 

311-319. 

24.  L. L. Perchuk, D. D. van Reenen, C. A. Smit, D. A. Vankal, R. Boshoff, S. M. Varlamonov, 

S. M. Tabatabaeimanesh, "Isobaric heating recorded in polymetamorphic rocks from the 

Central Zone of the Limpopo High-Grade Terrain", South Africa, Lithos, 103 (2008) 70-105. 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                            17 / 18

https://system.khu.ac.ir/jsci/article-1-1449-fa.html


+U��43�%9�3��K3�%9<X���	9�%��<�;�1h��+�����$35�b�22)�c�$����)CCC�������������������������������)��+���r�-&.���)�+A�/0�/0�12� 

 

�@L 

25.  L. Ya. Aranovich, I. V. Lavrent’eva, N. A. Kosyakova, "Calibration of the biotite-garnet 

and biotite-orthopyroxene geothermometers corrected for the variable level in biotite", 

Geochemistry International, 25 (1988) 50-59. 

26. F. S. Spear, J. T. Cheney, "A petrogenetic grid for pelites in the system SiO2-Al2O3-FeO-

MgO-K2O-H2O, Contributions to Mineralogy and Petrology", 101 (1989) 149-164. 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
26

-0
6-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            18 / 18

https://system.khu.ac.ir/jsci/article-1-1449-fa.html
http://www.tcpdf.org

