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Abstract: Eastern Birjand ophiolitic complex consist of different rock types 
of a complete ophiolitic sequence. Three groups of amphiboles which exist in 
metabasites of this ophiolitic complex are of: calcic amphiboles, such as 
actinolite-tremolite and magnesio-hornblende; calcic-sodic amphiboles, e.g. 
vinchite and barroisite; and sodic-amphiboles, e.g., glaucophane, magnesio-
riebeckite and ferro-glaucophane. Petrographic studies, geothermobarometry 
results and composition of minerals, especially amphiboles in mineral 
assemblage of different metamorphic rocks clearly indicate pressure-
temperature variations of metabasites within different evolutionary stages. 
This indicates that subduction and subsequent thrusting are occurred in the 
studied area.
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Sample No D3a D3a F3(Mg-Core) F3(Fe-rim) FGE3 F2 F2a
Oxides/Min. am-ave gl-ave gl-ave gl-ave am- am-ave am--ave

SiO2 74/49 69/58 40/59 71/57 50/53 67/51 34/51
TiO2 01/0 02/0 05/0 02/0 03/0 01/0 03/0
Al2O3 04/8 18/11 39/11 78/10 11/6 51/6 82/7
Cr2O3 01/0 02/0 00/0 00/0 03/0 02/0 01/0
Fe2O3 42/3 00/0 00/0 00/0 10/0 62/2 16/1
FeO 05/10 21/6 26/5 15/9 69/9 22/9 05/12
MnO 09/0 01/0 00/0 01/0 03/0 02/0 02/0
MgO 48/12 56/11 60/12 19/10 19/14 73/13 18/12
CaO 13/9 55/0 46/0 70/0 97/9 43/9 66/8
Na2O 85/2 97/6 44/7 89/6 00/2 32/2 21/3
K2O 08/0 01/0 01/0 00/0 01/0 02/0 08/0
Total 91/95 21/95 61/96 45/95 67/95 58/95 56/96

Formula 23(O) 23(O) 23(O) 23(O) 23(O) 23(O) 23(O)
Si 27/7 08/8 04/8 06/8 72/7 50/7 49/7
Ti 00/0 00/0 01/0 00/0 00/0 00/0 00/0
Al 39/1 82/1 82/1 77/1 04/1 12/1 35/1
Cr 00/0 00/0 00/0 00/0 00/0 00/0 00/0

Fe3+ 38/0 00/0 00/0 00/0 01/0 29/0 04/0
Fe2+ 23/1 72/0 60/0 07/1 17/1 12/1 48/1
Mn 01/0 00/0 00/0 00/0 00/0 00/0 00/0
Mg 72/2 37/2 54/2 12/2 05/3 97/2 64/2
Ca 43/1 08/0 07/0 11/0 54/1 47/1 35/1
Na 81/0 86/1 95/1 86/1 56/1 65/0 91/0
K 02/0 00/0 00/0 00/0 00/0 00/0 02/0

Total 26/15 94/14 02/15 99/14 11/15 12/15 28/15
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Sample No SF3 TDF26 E6 FJ11 NSF4 SF22 F3 
Oxides/Min am-ave am-ave act-ave tre-ave act-ave am-ave am-ave
SiO2 04/53 21/47 42/54 76/55 33/53 25/46 10/50
TiO2 01/0 15/0 00/0 16/0 28/0 10/0 03/0
Al2O3 11/5 42/9 86/1 02/2 73/2 63/11 12/9
Cr2O3 01/0 01/0 06/0 12/0 00/0 01/0 00/0
Fe2O3 47/5 79/5 00/0 33/2 00/0 84/3 20/3
FeO 61/7 64/10 90/11 00/4 10/16 12/11 42/9
MnO 19/0 11/0 05/0 01/0 34/0 11/0 02/0
MgO 78/13 47/10 62/15 76/19 78/10 27/10 98/11
CaO 27/8 23/8 76/10 57/12 73/10 55/8 77/7
Na2O 51/2 32/3 87/0 02/0 03/1 61/3 54/3
K2O 02/0 21/0 00/0 00/0 00/0 19/0 04/0
Total 03/96 55/95 54/95 74/96 31/95 69/95 22/95
Formula 23(O) 23(O) 23(O) 23(O) 23(O) 23(O) 23(O)
Si 64/7 02/7 93/7 80/7 95/7 86/6 31/7
Ti 00/0 02/0 00/0 02/0 03/0 01/0 00/0
Al 87/0 65/1 32/0 33/0 48/0 04/2 57/1
Cr 00/0 00/0 01/0 01/0 00/0 00/0 00/0
Fe3+ 59/0 65/0 00/0 25/0 00/0 43/0 35/0
Fe2+ 92/0 32/1 45/1 47/ 01/2 38/1 15/1
Mn 02/0 01/0 01/0 00/0 04/0 01/0 00/0
Mg 96/2 32/2 39/3 12/4 40/2 27/2 61/2
Ca 28/2 31/1 68/1 88/1 72/1 36/1 22/1
Na 70/0 96/0 25/0 00/0 29/2 04/1 00/1
K 00/0 04/0 00/0 00/0 00/0 04/1 01/0
Total 98/14 31/15 03/15 89/14 92/14 44/15 23/15
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Sample No E7 FSD8a FSD8a GOF5(rim) GOF5(med) G0F5(Core)
Oxides/Min gl-ave am-ave gl-ave am-ave am-ave am-ave
SiO2 57/56 49/51 82/57 33/55 26/54 11/51
TiO2 03/0 02/0 03/0 03/0 05/0 00/0
Al2O3 12/2 45/7 35/11 40/4 17/5 25/7
Cr2O3 00/0 03/0 01/0 00/0 00/0 01/0
Fe2O3 65/8 12/3 00/0 58/8 37/9 35/7
FeO 14/11 09/9 85/8 73/8 60/7 24/8
MnO 14/0 01/0 01/0 32/0 34/0 38/0
MgO 70/9 20/13 91/9 26/10 55/10 37/11
CaO 23/2 47/9 64/0 04/2 90/2 01/6
Na2O 29/5 02/2 79/6 94/5 27/5 26/4
K2O 00/0 00/0 04/0 01/0 01/0 01/0
Total 87/96 88/95 45/95 63/95 52/95 99/59
Formula 23(O) 23(O) 23(O) 23(O) 23(O) 23(O)
Si 27/8 44/7 05/8 01/8 85/7 44/7
Ti 00/0 00/0 00/0 00/0 01/0 00/0
Al 36/0 27/1 86/1 75/0 88/0 25/1
Cr 00/0 00/0 00/0 00/0 00/0 00/0
Fe3+ 94/0 34/0 00/0 93/0 02/1 81/0
Fe2+ 34/1 10/1 03/1 06/1 92/0 00/1
Mn 02/0 00/0 00/0 04/0 04/0 05/0
Mg 08/2 84/2 06/2 21/2 28/2 46/2
Ca 34/0 47/1 10/0 32/0 45/0 94/0
Na 48/1 57/1 83/1 67/1 48/1 20/1
K 00/0 00/0 01/0 00/0 00/0 00/0
Total 82/14 03/15 94/14 99/14 93/14 14/15
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8 ���$� )�$�!=�������D* L8�$�              &=�-BH= =� ! ���B"�"� |!� =� �B�(��� 6�B� 
�'��3� )�;

�'�>�?�@ F��.� ���!�-. ���"�"�.

 &=�1�
A��1�

4�� ��� ���"�"� &=�-H= Thermocalc T(˚C) & P(Kb) n cor Fit

Sb1 
8*�
%� 
8*�
%� T= 574±45  P= 7/22 ± 2/2 3 - 6/0 03/0

SF22 
8*�
%� 
8*�
%� T= 568± 45  P= 3/22 ± 7/2 4 - 599/0 1/0

D3a 
8*�
%� 
8*�
%� T= 496± 36  P= 4/26 ± 7/1 5 - 348/0 08/1

F3 
8*�
%� 
8*�
%� T= 625± 49  P= 4/18 ± 8/2 6 - 745/0 15/1

GOF5
 ��@ 
-��

=�� 
�=�"
��@ 
-�� T= 509± 57  P= 1/18 ± 3/5 7 - 875/0 5/1

FSD8a
� ��@ 
-�

=�� 
�=�"
��@ 
-�� T= 525± 74 =� P=13 - - 68/1

Sb1 
8*�
%� 
�'�>�?�@ F!��.� T= 673± 68
P= 8/11 ± 6/1 4 895/0 79/0

SF22 
8*�
%� 
�'�>�?�@ F!��.� T= 592±86
P= 4/7 ± 6/2 4 799/0 59/1

D3a 
8*�
%� 
�'�>�?�@ F!��.� T= 549±55
P= 7/6 ± 1/2 10 758/0 56/1

FSD8a
 ��@ 
-��

=�� 
�=�"

�'�>�?�@ F!��.� T= 517±25

P= 2/7 ± 9/0 5 572/0 43/0
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