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Detection of pressure and temperature in formation of 
Jandaq ophiolite amphibolites (North-east of Isfahan 

Province) by using amphibole and plagioclase barometry and 
thermometry  
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Abstract: Amphibolites are one of the metamorphic rock units of Jandaq 
ophiolite and exposed in a considerable volume. These rocks are 
metamorphism products of basalts, pillow lavas and diabasic dikes of Jandaq 
ophiolite. Amphibolites contain amphibole, plagioclase, garnet, alkali 
feldspar (orthoclase), magnetite, biotite, muscovite, sphene, quartz, epidote 
and calcite minerals. These rocks contain very good lineation and foliation. 
By metamorphic differentiation, mafic and felsic minerals are separated in 
some locations. Metasediments that are present in Jandaq area, were 
originaly sedimentary cover of Jandaq ophiolite, before the metamorphism 
has taken place. Mineralogical studies, hornblende barometry, and 
amphibole – plagioclase thermometry, conclude that the metamorphism of 
Jandaq ophiolite amphibolites occured in upper part of amphibolite facies 
condition (7.98 to 9.01 Kbars and 714 to 737 oC). Temperature of 
metamorphism in Jandaq ophiolite amphibolites is higher than amphibolites 
that are in Jandaq metamorphic rocks (8.58 to 10.87 Kbars and 619 to 668
oC). 

Keywords: Amphibolite, Jandaq ophiolite, metamorphic rocks, 
geothermobarometry.
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KH = Khoy; KR = Kermanshah; NY = Neyriz; BZ = Band Ziarat; NA = Naein; BF 
= Baft; ES = Esphandagheh; FM = Fanuj-Maskutan; IR = Iranshahr; TK = Tchehel 
Kureh; MS = Mashhad; SB = Sabzevar; RS = Rasht; SM = Samail; ASH-ZA = 
Ashin-Zavar; AN = Anarak; JA = Jandaq.
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Sample Point Mineral SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O NiO Total%
[_^ *b[ Plagioclase ba/_b n\/n _n/ad nn/n \_/n n\/n nd/n d_/] \b/b ]^/\ n\/n nn/dd
[_^ *b] Amphibole \^/_a _d/n na/\[ nn/n _a/\[ ^n/n d^/Z _^/\n Z^/\ ^d/n nn/n d^/d[
[_^ bZ Muscovite _\/__ [n/n ][/^^ n\/n ]^/\ nn/n ]\/n nn/n \d/\ ^n/d nn/n ]\/d\
[_^ WO Biotite a[/^[ [_/\ []/\] nn/n d_/\b \n/n Za/\\ nZ/n \\/n a]/d nn/n Zd/da

[_\ \b Biotite n]/^] ]]/\ dZ/\] nn/n db/\b \[/n a]/\a n_/n nb/n b[/d nn/n Z_/d_
[_\ *Z  Plagioclase a]/bb na/n ^[/aZ n^/n n[/n na/n nn/n ^^/\n bb/b n]/n nn/n ]n/dd
[_\ *\[ Amphibole ]a/_a ]n/n ZZ/\_ SU/S \^/\] _Z/n aZ/d d^/\n bd/\ bb/n nn/n ad/dZ
[_\ \] Quartz \]/\nn nn/n nn/n nn/n n_/n nn/n nn/n nn/n n\/n n\/n nn/n a^/\nn
[_\ \Z Biotite WW/VR [Z/\ na/n na/n bb/\[ an/n ^b/\a n_/n \Z/n _d/d nn/n a]/d[
[_\ *]  Plagioclase [[/b[ nn/n _^/a] na/n n_/n n_/n n\/n ]n/Z ab/[ na/n nn/n \]/dd
[_\ *\d Amphibole TU/U` [_/n dd/\b n\/n ]a/\[ _\/n dd/Z db/\n ]n/\ [a/n nn/n \b/d]
[_\ an Amphibole ^^/_^ _d/n ]b/\a nn/n UO/TX ^Z/n ]^/d bd/\n b\/\ b_/n nn/n Z\/db
[_\ a\ Muscovite Za/_b ad/n []/^^ na/n _[/a nn/n da/n n\/n \b/\ [a/d na/n dZ/d^
[_\ aa Amphibole d\/_^ bZ/n aZ/\^ nn/n ^Z/\[ ^b/n Zd/d \]/\\ b[/\ _d/n nn/n [n/d]
[_\ a^ Epidote ^^/^Z n]/n dn/a[ n\/n \a/Z a[/n n[/n \Z/a^ nn/n nn/n nn/n d^/d[

[^a b Sphene dn/^n bb/^] ^n/\ n\/n a]/n n_/n nn/n ^]/aZ nn/n na/n nn/n _[/dZ
[^a *\b Plagioclase d\/[n SS/S n^/a_ n\/n na/n nn/n nn/n \d/[ _^/Z \n/n nn/n [d/dd
[^a *[  Amphibole ad/_a WX/S [a/\[ nn/n ]a/\[ \\/n d_/] dd/\n Zb/\ Za/n nn/n Zd/d]
[^a d Garnet [n/^Z nn/n d_/a\ nn/n b[/aa \\/a b]/\ ^^/\_ n_/n na/n nn/n \]/\n\
[^a \n Amphibole b[/_a [^/n ]d/\b n^/n ]]/\[ n[/n ^^/Z nb/\\ na/a n_/\ n\/n aZ/dZ
[^a \\ Epidote ^d/^d an/n a]/ad nn/n ba/b \b/n nZ/n _d/a^ nn/n n\/n SS/S \a/dZ
[^a \a Quartz \Z/\nn nn/n nn/n nn/n n]/n nn/n nn/n S`/S n^/n n\/n nn/n ^\/\nn
[^a *\[ Plagioclase \_/[n n\/n b\/a_ nn/n nn/n nn/n n\/n b^/[ d_/] nZ/n nn/n aa/dd
[^a *\^ Amphibole nb/_^ [b/n a]/\[ nn/n d_/\[ nd/n n]/Z Zb/\n Za/\ ]d/n nn/n W`/OP
[^a \_ Garnet W`/VP nb/n ]b/a\ n\/n [^/a_ nb/^ bd/\ bd/\\ n^/n nn/n n\/n ``/TST

[^\ *_] Plagioclase nb/[_ nn/n dd/aa nn/n n\/n nn/n nn/n b[/^ \\/\n nd/n nn/n Z\/\nn
[^\ *_^ Amphibole [\/__ [d/n a]/\^ n^/n Z]/\_ aa/n Z[/d a_/\\ d^/\ \b/n nn/n Z]/d[
[^\ __ Epidote ab/^d n_/n n_/^a nn/n Za/\ nb/n na/n [\/a^ n\/n na/n na/n ZZ/d[
[^\ _b Garnet _b/^Z n[/n ]_/a\ n[/n [d/ab db/a ]\/a ^\/d nn/n nn/n n\/n d]/\nn
[^\ _[ Quartz \\/\nn nn/n nn/n nn/n nd/n na/n n\/n nn/n nn/n na/n nn/n ab/\nn
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��� 8�   5
?	%@( )�<*�$5�( 3��� 8� - 8��$� #� 8�

Sample Point Mineral Oxyg. Si Ti Al Cr Fe+2 Fe+3 Mn Mg Ca Na K Ni Total
DEF *HD Plagioclase I EJ/L MM/M HN/; MM/M M;/M MM/M MM/M M;/M FO/M EH/M M;/M MM/M MM/H
DEF *HN Amphibole <= ;J/D MH/M NN/L MM/M ;;/; OM/M ME/M OH/; DE/; HL/M MN/M MM/M LF/;H
DEF HJ Muscovite LL ;E/D MD/M HM/H MM/M ;E/M MD/M MM/M ;H/M MM/M FL/M DE/; MM/M MM/;E
DEF PQ Biotite LL FD/H ;J/M MJ/F MM/M FH/M DL/; M;/M DM/L M;/M MF/M NH/; MM/M MM/;H

DE; ;H Biotite LL FD/H ;O/M MD/F MM/M FF/M DM/; ML/M DH/L M;/M M;/M ND/; MM/M MM/;H
DE; *J Plagioclase J HM/L MM/M HM/; MM/M MM/M MM/M MM/M MM/M HM/M EO/M MM/M MM/M MM/H
DE; *;D Amphibole LF L;/D MJ/M HH/L MM/M ;N/; O;/M MD/M M;/L NM/; EH/M ;M/M MM/M LH/;H
DE; ;N Quartz L MM/; MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/;
DE; ;J Biotite LL FH/H ;J/M MD/F MM/M FF/M DH/; ML/M DL/L M;/M MH/M NF/; MM/M MM/;H
DE; *N Plagioclase J HD/L MM/M EE/; MM/M MM/M MM/M MM/M MM/M EF/M HD/M MM/M MM/M MM/H
DE; *;O Amphibole LF LL/D MN/M D;/L MM/M FF/; NF/M MH/M OJ/; NF/; EO/M ;L/M MM/M FF/;H
DE; LM Amphibole LF EH/D MH/M LE/L MM/M L;/; JE/M MH/M ;D/L DO/; EE/M ;M/M MM/M LF/;H
DE; L; Muscovite LL BQ/R MF/M FD/H MM/M ;;/M ;D/M MM/M ;J/M MM/M FM/M DD/; MM/M MM/;E
DE; LL Amphibole LF EF/D MD/M LO/L MM/M FE/; DN/M ME/M ;D/L NH/; EE/M MO/M MM/M LO/;H
DE; LF Epidote ;F M;/F MM/M EO/L MM/M MM/M HF/M ML/M M;/M OH/; MM/M MM/M MM/M MM/J

DFL H Sphene H ML/; OF/M MH/M MM/M M;/M MM/M MM/M MM/M MM/; MM/M MM/M MM/M MM/F
DFL *;H Plagioclase J NL/L MM/M LN/; MM/M MM/M MM/M MM/M MM/M LO/M NL/M M;/M MM/M M;/H
DFL *D Amphibole LF <=/R MD/M JO/L MM/M DO/; FN/M M;/M NH/; NE/; HF/M ;H/M MM/M EL/;H
DFL O Garnet ;L MM/F MM/M M;/L MM/M EJ/; MM/M ;E/M ;J/M ;O/; MM/M MM/M MM/M MM/J
DFL ;M Amphibole LF LJ/D MN/M NE/L MM/M NN/; FM/M M;/M JF/; NH/; HJ/M LM/M MM/M HL/;H
DFL ;; Epidote ;F MF/F M;/M DH/L MM/M MM/M FD/M M;/M M;/M OF/; MM/M MM/M MM/M MM/J
DFL ;L Quartz L SS/B MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/;
DFL *;D Plagioclase J TS/< MM/M FM/; MM/M MM/M MM/M MM/M MM/M F;/M DO/M MM/M MM/M MM/H
DFL *;F Amphibole LF LO/D MN/M JM/L MM/M DH/; EL/M M;/M ND/; NM/; H;/M ;H/M MM/M FD/;H
DFL ;E Garnet ;L M;/F MM/M MM/L MM/M DL/; MM/M LM/M ;J/M ON/M MM/M MM/M MM/M OO/N

DF; *EN Plagioclase I NO/L MM/M ;J/; MM/M MM/M MM/M MM/M MM/M ;N/M JD/M M;/M MM/M MM/H
DF; *EF Amphibole LF HJ/D MJ/M F;/L MM/M DM/; LE/; MF/M ;N/L NJ/; HH/M MF/M MM/M FD/;H
DF; EE Epidote ;F ML/F MM/M OM/L MM/M MM/M ;J/M MM/M MM/M OH/; MM/M MM/M MM/M MM/J
DF; EH Garnet ;L SS/= MM/M MM/L MM/M DO/; MM/M ;O/M FL/M NJ/M MM/M MM/M MM/M MM/J
DF; ED Quartz L MM/; MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/M MM/;
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��� 8�   5
?	%@( )�<*�$5�( 3��� 8�     :#@* 8C$5��#* 8
�	� 8���8  =� �  #� D�%
��$� &��%���) Y� &�� �5
W.(

	5�-� *�$ �  #� ��Y�
��  �
#* �     #� �
�#� 
#��       %#�
Y�� %#�5� )#* %#���   �#�5
� 5� 
 
#�"
���������
�"  e�Y/� ��5� F     7%#�, ������ WRLUO        ;<= !�#� � ���#- %#�5� �  � 
#��<*� #� C

�%���  �� 
$ 
�  �<*���	�) >�%,
�"   �5
Y� V   � U .(5�w��
�" ��� � >�#� 
#�"     #Y� 5� ��#,�� F
)��Y�
�"�
J� �5�� � )c� �5
Y� >�%, 5� CW�%� ��5�� �%�.


I��:F �	�	
�����������
�"  	5�- �5�� �  � �
�� �  ��� )* %������ #�� 
#�"  ��5� 
(������8   :@* � ��5
� �   ��� � )3��%� �������
�"  e�Y/� ��5� F     �� ~�#�, ��#����  #�   �
#-� �
-�$��  ��:� � �� %�5�%� � .��  �
* {<34� 
�	
���   ?	� )- N
Y30� �@�3�  ����
- �%� 
�"   �#* 
+��	��
�K�=������ ��%45 �� ��� ��-�����.

 ���P�
2$ �� ��=��	�����
* �
�"��$ � %#��� &'��� ���� #�� 
#�"  #	5�- �5�#� �(PPL, X25) .
�2$� �C��� )- ��-�� ������
�")������ ��5� 
�"�� ~��, ��	� �
-� �.
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�-��$ D5%+ \a[

  &
��=3�� 	
G� )/  
ze� %�5� )�"
= ��
���5
�  
#�" ��� 5� ��#,�� ���� #�� 
#�"  )#e�Y/� ��5� 
��������� ~��, ��
-��.

Sample Point Almandine% Andradite% Grossular% Pyrope% Spessartine% Uvarovite%
[^a d _n/_d nn/n Zd/^d n]/[ [^/_ nn/n
[^a \_ ba/b_ nn/n _d/^a a\/[ ][/[ na/n
[^\ UW ]Z/b[ nn/n d_/ab b]/\n b^/[ \]/n

&
��> 3� �   
ze� %�5� )�	
G� )/" 
= ��
� ;<= �
��<*�"   ��� 5� ��,�� ���� #�� 
#�"    �5�#� )#IJ�� 
)c�
J� .

Sample Point Anorthite% Albite% Orthoclase%
[_^ b[ \n/_\ a_/_Z [[/\n
[_\ ] _^/_^ _b/b[ \a/n
[_\ ] bn/bn \n/_d _\/n
[^a \b ]\/aZ ]_/]n bb/n
[^a \[ \n/^\ __/[Z _b/n
[^\ _] a\/\[ ^n/Z^ _d/n

  &
��P 5�w��
� " ��� �>��  �3��5
-�g; � 
�"     o�5 �� ��
�3	� 
- 
��� 
�" �@3M�  . 
�5
�( E	�3�"  #-  )
��- �%�� �	�"��� �� p�%*�� �>��o�5 E	�$ 
�
�"�	� �%� ��5�� �4� ��3	 5� �@3M� .

SamplePoint Amphibole Name
Hammarstrom 
& Zen (1986) 

P(Kbars)

Hollister et al.
(1987) 

P(Kbars)

Johnson & 
Rutherford 

(1989)

Schmidt 
(1992)

P(Kbars)

Average
P(Kbars)

[_^ b] Ferroan - pargasitic -
hornblende n\/\n Z[/\n ab/Z ab/\n Z_/d

[_\ \[ Ferroan - pargasitic -
hornblende d\/Z [a/d ^^/] a\/d ]]/Z

[_\ \d Ferroan - pargasitic -
hornblende an/d d[/d bZ/] _]/d nb/d

[_\ an
Ferrian -

tschermakitic 
hornblende

^^/] Zb/] nn/[ [^/] an/]

[_\ aa Tschermakitic 
hornblende [\/] \]/Z a_/[ dn/] _Z/]

[^a [ Ferroan - pargasitic -
hornblende [n/\n ba/\\ ]b/Z Z]/\n __/\n

[^a \n Alumino - ferroan 
pargasitic hornblende ZZ/d ]\/\n \b/Z nb/\n ]n/d

[^a \^
Alumino -

tschermakitic 
hornblende

\]/\n n_/\\ ^d/Z [n/\n nb/\n

[^\ _^ Magnesio -
hornblende [d/] a[/Z ^n/[ d]/] b[/]
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 	5�- �5��� 5
:45 ' ��� �����    ��
�� �	 ��= �5 �%�� ."��-c$ �#� +� 
 #�  ��#� ��     5
�#( � 
#�� E
  ������ �- .*
0�  o�5 �� 
�"
���
��L  �/�	5
�( %� ��
�3	� .  �
* )- ),�$ 
-� 
#�"  ��#,�� 

 �� 5��������
�" )IJ�� 8      �� )* �	� �3�-    �/�	5
�#(���� >�#�    � 
#� �/�#	
��  %#�@��5�� –
;<=� ��
�3	� �<*���� .

   �5�� 5�  
�/�	5
�(
-�      ���*
$ )* )* ��� % ��	5
�( 
��� :- � +� 5
�I�    �	� �%�� )g�5� 
  (�c� N��� ���  9��	5
�( +� �  c+�� � ��  :- 5
* � @��� 5
� �	�  ���� 8   *�$ )#*  #�  �
#* ��  
#�

     �	� 5
�( � 
�� �� ��
3� .���  >��%3� �� �$�  
/�	5
�(
���       #� 5��+ ��
�3	� �5�� ������ )* �-
��  ��  )x �	� �/�	5
�(   5�%I� �� ��
�3	� 
- Al    %#�@��5�� 5
34
#	 5� ��#,��   �#� 5
#x %#�x .

   �� ��
�3	�  �/�	5
�(%�@��5��8"  )��Y� 5� 
���   �5�� )#* "  �
#* � 
#�"   ;<= 8%#�@��5��  #��<*� 8
�
����  - 8D
?	%@( �$�� 3��� 8�� 
�	� 8�8     %�3:� C$5��* �  �#	
= +�  #�� �#$"     �#� �#	� )#--
%��]T` .[�� e�Y/� 
F �
* �
��  ��� 5� ������
�" (� ����   %�5�� ��,� 7%�, � .    ��
�3#	� �5�� 5�

 *�$ ��� ��� ��>��    ����e )- 
��  9��	5
�( )3��� ���*
$ 
�"�%c3� "     )#* �#	� �%#� )#g�5� 
�3Y��� �� 
  
�   5� �5]TP 8 TR 8 TX 8 TW 8 TU 8 TV 8 T` [�� �(
� ���$ .>���(
�" = �   � �%� �
���

� 5� )y�-�� ��������= p
���%� ��5�� ��%�.

Hammarstrom and Zen (1986)
P(± 3 kbar) = -3.92 + 5.03 Al(total)

Hollister et al. (1987) 
P(± 1 kbar) = -4.76 + 5.64 Al(total)

Johnson and Rutherford (1989)
P(± 0.5 kbar) = -3.46 + 4.23 Al( total)

Schmidt (1992)
P(± 0.6 kbar) = -3.01 + 4.76 Al( total)

Anderson and Smith (1995)
P(kbar)=4.76 Al( total) – 3.01 – {[T-675]/85}*{0.53 Al + 0.005294 [T-675]} 

 >���( �	5�-   �� �
�� N
- "
�    ��
Y$ )* %��o�5       5�%#I� l
	� �- %�@��5�� �/�	5
�( "
�
Al       �#	� �� 5
34
#	 5� ��,��  .              C#�� 
#�� %#�@��5�� 5� 5
�#( F�#	
G� p
#��� �#4� o�5 5�

���%�� %� "��� .        5� �%� )g�5� o�5 �� ��
�3	� �����t]TU [      >������ �/�	
�� KM- C�� �L
%� �G- �<*��;<= .
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 >������ "5�w��
�   ����� 5� ��,�� "
�����     5� 5
�#( F�#	
G� ���#Y� )- �	5�- �5�� "
�
    o�5 )- 8
��� &���$ �
�� �@3M� "
�     �5
Y� >�%, 5� W   �	� �%� ��5��  .  
���
#�� "
�5
�(

�� �%�� �4� ��3	 5� C�� �%� )�	
G�%��� .
    �5
Y� >�%, �	5�-W  �� �
��      o�5 )#- �%#� )�	
G� 5
�( )* %��    "��#- �#@3M� "
#�

>������ ��,�� "
�      
�- 7%�, �����(� 5� X   
$ PX/TS  �	� ���- 5
-�@�*  .   �%#� )�#	
G� 5
�(
>������ �5�� 5�C�� ������ Fe�Y/� ��5� 5� ��,�� "
�VS/X 
$ W`/TT�	� 5
-�@�* .

"��-  ��������� �/�	5
�(         >������ ��	5
�( �� C�� )c�
J� �5�� FIJ�� "
�– �<*��;<= 
 %� ��
�3	� .   � �� ��
�3	� )��N       �#	5�- 5� )#* �	� 
�� ��	
�� 9� ����e )- ��
* �� 
�  "
#�

 �	8�	
��      5� �<x��;<= � ��:@x >������  ��
0  >�
c$%��
- .   
#��   ��#	
�� 
�#��   �#� 
��	
�� 
��� ���
�$ �	� �- )x )�
=K�x��  ��� "
��� &Ye%�x]`S8 TO[:

A) edenite  + 4 quartz = tremolite + albite

B) edenite + albite = richterite + anorthite

      �#� ��-�� �J���� )- >�� K�x��                 5� p�� K�#x�� � �5�� 5�z#0  �#	 5� C$5��#x )#x ��#�
       �5�%� ��,�  �	 5� C$5��x )x �	� �J���� .  )��Y� 5� )*
/�� ��   C#�� C$5��#* �	5�- �5�� "
�

       �� ��
�3	� >�� K�*�� �� �w� �5�� 5�z0��� .  
��3Y��   ��#	
�� 
��� �/�:Y�   >�#�����–
  �<x��;<=  �5]`S [)g�5����� �	�  .�����t �	
G� F
��5�          �#�� >�#��( �� ��
�3#	� o�5 
#�� 

 �	� �� 5� )x  TA
- �	� �-��- �����3�
	 ),5� �:0�-�

{–76.95 + 0.79P + Yab + 39.4X
A 

Na + 22.4X
A 

K +
 (41.5 – 2.89P)•X

M2
Al}

TA (±40°C) = —————————————————————– – 273
{–0.0650 – R•ln[(27•X

A
vac• X

T 
Si•Xab

pl
)/(256•X

A 
Na•X

T 
Al)]} 

    >���( 
�� 5�P 5
�( )5
-�@�x �:0�-( ���H 8R
- �-��- SSPVTUU/S �;�#@�x �- > >�#��@�x8
�Yab   �$5�� 5� C��        �� K�- �<x��;<= ����� 5�%I� )xW/S %�
- 8     �� )3(�� �s� 5� ���  ��#�.

 ��-�� "
���m3� ����$ )-X 5� C�� ]`S [�	� �%��.
  ��
3��/�	
��   >������ –  ��������� �<*��;<=          5
�#( �:#0 �- )c�
J� �5�� FIJ�� "
�

 �5
Y##� >�%##, 5�X�%##� ��5�� %##�� . �##	5�- 5� )##* �<*�##�;<= � >�##����� ��
##* �� "
##�
              >�#����� �/�#	
�� 5� 
��� �� � )3��� 5��+ ���%�� 5
�* �=��	�����–  <*�#�;<=    ��
�3#	� �
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�T    
#$ T`       '�3:#� 5� 85
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#$ RRV

 �3�
	 ),5� �	� ���� .        >�#����� "��#- �%�� �	� )- "
�� 5�%I�   �#�������� "
#�   ��5� "
#�
      "
�5
�( 5� C�� ������ Fe�Y/�T   
$ T`   '�3:� 5� 5
-�@�* WSO  
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-         #�� )#* %� p�@c� �%�� �	� )- "
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     �#����(� ��5� "
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�.

 ��������� ��+� �/�	
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��c$ � �	5�- �5�� "
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#- 85
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#$ RWS    �3�
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  )������ ��5� ���������    5
�#( C#�� 
�OR/R    
#$ RU/TS       "
#�� � 5
#-�@�* XTU    
#$ XXX   )#,5� 
�3�
	�	� �%�� �	� )- ����.

"��-    ��+� ��	5
�( �� ��
�3	�  >������ �$  )* 
�]TU [  
#- 8�	
�� �� ��
3� � �	� ���� )g�5�
      �5
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