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Abstract: Pillow lavas are one of the important rock units of Nain ophiolite. Rock forming 

minerals of Nain ophiolite pillow lavas are chloritized olivine, plagioclase, clinopyroxene 

(augite), Cr-spinel, magnetite, amphibole, chlorite, pumpellyite, epidote, prehnite and calcite. 

Whole rock geochemical analyses and composition of clinopyroxenes and chromian spinels 

of these rocks indicate that they are similar to mid-ocean ridge basalts. These lavas are basalt 

to andesite in composition and produced by high degree of partial melting of a depleted 

mantle lherzolite. According to their field studies, petrography, mineral and whole rock 

geochemistry, they have undergone sub-sea floor metamorphism and changed to spilite. 

Application of clinopyroxene thermometry shows that they have formed at 1058 to 1170 
O
C.  
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 H!&M H!&M H!&M H!&M1 �T�� ������ J
�<��*M*� ,������ ,# �� %$#&' +��� ,�" (�)�� ���*�	# � ��U
�= &��C# ��$! &8�� �".  

Mineral SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O NiO Total 
Clinopyroxene 1 73/48  06/1  87/3  06/0  15/11  31/0  62/16  47/18  31/0  00/0  00/0  00/100  
Clinopyroxene 2 84/50  55/0  11/2  05/0  70/10  37/0  15/16  82/18  43/0  00/0  00/0  02/100  
Clinopyroxene 3 19/53  16/0  52/2  37/0  17/4  20/0  77/18  27/20  18/0  00/0  09/0  92/99  
Clinopyroxene 4 72/53  17/0  59/2  29/0  12/4  13/0  80/18  26/20  21/0  00/0  06/0  34/100  
Clinopyroxene 5 14/53  21/0  35/2  37/0  18/4  12/0  71/18  79/19  20/0  00/0  02/0  09/99  
Clinopyroxene 6 06/53  19/0  61/2  56/0  84/3  13/0  60/18  01/21  17/0  00/0  05/0  22/100  
Clinopyroxene 7 01/52  53/0  80/3  29/0  87/5  15/0  34/17  32/20  15/0  01/0  07/0  54/100  
Clinopyroxene 8 84/53  19/0  21/2  33/0  44/4  14/0  16/19  66/19  19/0  02/0  01/0  19/100  
Clinopyroxene 9 29/53  21/0  44/2  38/0  39/4  13/0  78/18  97/19  17/0  00/0  05/0  81/99  

Amphibole 1 71/51  22/0  22/2  00/0  59/4  09/0  80/19  26/18  21/0  02/0  01/0  09/97  
Amphibole 2 34/52  33/0  23/4  00/0  38/1  16/0  41/18  86/20  21/0  00/0  08/0  92/97  
Amphibole 3 83/49  30/0  67/3  00/0  05/4  19/0  44/18  16/18  20/0  01/0  08/0  91/94  
Pumpellyite 1 00/36  40/0  97/18  00/0  58/10  10/0  77/2  00/21  13/0  02/0  00/0  97/89  
Pumpellyite 2 70/38  21/0  84/22  06/0  44/5  10/0  36/3  48/19  46/0  30/0  00/0  93/90  
Pumpellyite 3 49/34 22/0 01/20 00/0  27/7 12/0 74/2 97/20 05/0  00/0  09/0  87/85 
Pumpellyite 4 84/33  29/0  37/19  07/0  96/7  09/0  53/2  02/21  09/0  01/0  02/0  29/85  
Pumpellyite 5 60/34  12/0  73/19  06/0  06/8  20/0  70/2  95/20  06/0  02/0  02/0  48/86  
Plagioclase 1 66/54  30/0  63/21  00/0  09/0  00/0  00/0  76/1  61/10  02/0  00/0  94/100  
Plagioclase 2 75/66  05/0  85/20  00/0  19/0  05/0  02/0  14/1  64/10  04/0  01/0  73/99  
Plagioclase 3 88/52  16/0  01/26  00/0  85/2  08/0  84/0  05/13  97/3  12/0  00/0  97/99  
Plagioclase 4 54/67  37/0  17/20  00/0  91/0  06/0  53/0  34/6  67/3  08/0  03/0  70/99  
Cr-Spinel 1 17/0  19/0  02/33  04/32  29/15  20/0  48/16  14/0  01/0  00/0  19/0  72/97  
Cr- Spinel 2 31/0  25/0  82/32  12/31  04/14  16/0  02/17  05/0  04/0  01/0  24/0  05/96  
Cr- Spinel 3 00/0  23/0  97/30  82/33  74/15  15/0  11/16  03/0  00/0  00/0  00/0  05/97  
Cr- Spinel 4 05/0  28/0  52/31  07/347  99/15  03/0  01/16  01/0  00/0  00/0  00/0  96/97  
Cr- Spinel 5 00/0  27/0  35/29  05/38  66/13  21/0  48/16  00/0  00/0  00/0  00/0  01/98  
Cr- Spinel 6 00/0  26/0  65/28  14/38  74/13  12/0  49/16  00/0  00/0  00/0  00/0  67/97  
Cr- Spinel 7 00/0  25/0  10/29  39/38  56/13  08/0  60/16  11/0  00/0  00/0  00/0  05/98  
Cr- Spinel 8 00/0  26/0  52/29  39/37  25/13  09/0  51/16  00/0  00/0  00/0  00/0  96/98  

        

 H!&M H!&M H!&M H!&M2    �<:�� H*��	 J
�<�� ,f
 H!&M �� �*M*� ,�����C.        
Sample Mineral Type Oxyg.* Si Ti Al Cr Fe+2 Fe+3 Mn Mg Ca Na K Ni Total 

Clinopyroxene 1 Augite 6 79/1  03/0  17/0  00/0  13/0  21/0  01/0  91/0  73/0  02/0  00/0  00/0  00/4  
Clinopyroxene 2 Augite 6 88/1  02/0  09/0  00/0  19/1  14/0  01/0  89/0  75/0  03/0  00/0  00/0  00/4  
Clinopyroxene 3 Augite 6 93/1  00/0  07/0  01/0  09/0  03/0  01/0  92/0  78/0  01/0  00/0  00/0  00/4  
Clinopyroxene 4 Augite 6 93/1  00/0  06/0  01/0  20/0  01/0  00/0  93/0  78/0  02/0  00/0  00/0  00/4  
Clinopyroxene 5 Augite 6 94/1  01/0  06/0  01/0  30/0  01/0  00/0  93/0  77/0  01/0  00/0  00/0  00/4  
Clinopyroxene 6 Augite 6 92/1  00/0  08/0  07/0  08/0  04/0  00/0  91/0  82/0  01/0  00/0  00/0  00/4  
Clinopyroxene 7 Augite 6 89/1  01/0  11/0  01/0  15/0  03/0  00/0  90/0  80/0  01/0  00/0  00/0  00/4  
Clinopyroxene 8 Augite 6 95/1  01/0  00/0  01/0  13/0  01/0  00/0  96/0  76/0  01/0  01/0  00/0  00/4  
Clinopyroxene 9 Augite 6 94/1  01/0  01/0  01/0  20/0  01/0  00/0  90/0  77/0  01/0  00/0  00/0  00/4  

Amphibole 1 Tremolite 23 39/7  02/0  37/0  00/0  54/0  00/0  01/0  22/4  79/2  05/0  00/0  00/0  42/15  
Amphibole 2 Tremolite-Actinolite 23 88/7  04/0  75/0  00/0  17/0  00/0  02/0  13/4  37/3  06/0  00/0  00/0  43/16  
Amphibole 3 Tremolite-Actinolite 23 28/7  03/0  63/0  00/0  49/0  00/0  02/0  02/4  84/2  05/0  00/0  00/0  39/15  
Pumpellyite 1 pumpellyite 26 60/6  05/0  09/4  00/0  62/1  00/0  02/0  76/0  12/4  05/0  01/0  00/0  32/17  
Pumpellyite 2 Pumpellyite 26 74/6  03/0  69/4  00/0  79/0  00/0  02/0  87/1  64/3  16/0  07/0  00/0  99/16  
Pumpellyite 3 Pumpellyite 26 52/6  03/0  46/4  00/0  15/1  00/0  02/0  77/0  25/4  02/0  00/0  00/0  22/17  
Pumpellyite 4 Pumpellyite 26 49/6  04/0  38/4  00/0  28/1  00/0  02/0  72/0  32/4  03/0  00/0  00/0  29/17  
Pumpellyite 5 Pumpellyite 26 53/6  02/0  39/4  00/0  27/1  00/0  03/0  76/0  24/4  02/0  00/0  00/0  27/17  
Plagioclase 1 Albite 8 89/2  01/0  11/1  00/0  00/0  00/0  00/0  00/0  08/0  90/0  00/0  00/0  99/4  
Plagioclase 2 Albite 8 93/2  00/0  08/1  00/0  01/0  00/0  00/0  00/0  05/0  91/0  00/0  00/0  98/4  
Plagioclase 3 Labradorite 8 44/2  01/0  41/1  00/0  11/0  00/0  00/0  06/0  64/0  36/0  01/0  00/0  03/5  
Plagioclase 4 Andesine 8 95/2  01/0  04/1  00/0  03/0  00/0  00/0  03/0  30/0  31/0  00/0  00/0  68/4  
Cr-Spinel 1 Chromian Spinel 32 04/0  03/0  14/9  94/5  16/2  82/0  04/0  77/5  04/0  00/0  00/0  00/0  00/24  
Cr- Spinel 2 Chromian Spinel 32 07/0  04/0  18/9  84/5  04/2  73/0  03/0  03/6  01/0  00/0  00/0  00/0  00/24  
Cr- Spinel 3 Chromian Spinel 32 00/0  03/0  70/8  37/6  27/2  86/0  03/0  72/5  00/0  00/0  00/0  00/0  00/24  
Cr- Spinel 4 Chromian Spinel 32 01/0  05/0  41/7  36/6  41/2  74/0  00/0  63/5  00/0  00/0  00/0  00/0  00/24  
Cr- Spinel 5 Chromian Spinel 32 00/0  05/0  21/8  14/7  17/2  54/0  04/0  83/5  00/0  00/0  00/0  00/0  00/24  
Cr- Spinel 6 Chromian Spinel 32 00/0  05/0  13/8  19/7  15/2  58/0  02/0  86/5  00/0  00/0  00/0  00/0  00/24  
Cr- Spinel 7 Chromian Spinel 32 00/0  04/0  14/8  20/8  12/2  55/0  01/0  87/5  02/0  00/0  00/0  00/0  00/24  
Cr- Spinel 8 Chromian Spinel 32 00/0  05/0  32/8  07/7  13/2  51/0  01/0  88/5  00/0  00/0  00/0  00/0  00/24  

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ���0�#&12 ���#�-%�#$ ������ 302

 H!&M H!&M H!&M H!&M3    1��R�U  ,�p2# &8�����
�=  �� &��M H*0R�"$EC*
FE= ! ����C!��=*��0C �
���� U1��R� ��� ! ��Fe
+2

#  �Fe
+3

#  ! �Cr#  ��*� ��

3!�C ,��0��G�#f
 H!&M �� �*M*� �#�.  
Sample Wollastonite Enstatite Ferrosilite  Sample Albite Anorthite Orthoclase 

Clinopyroxene 1 54/36  76/45  70/17   Plagioclase 1 9/91  8/0  1/0  

Clinopyroxene 2 69/37  00/45  31/17   Plagioclase 2 2/94  6/5  2/0  

Clinopyroxene 3 70/40  44/52  85/6   Plagioclase 3 3/35  0/64  7/0  

Clinopyroxene 4 70/40  59/52  67/6   Plagioclase 4 9/50  4/48  7/0  

Clinopyroxene 5 24/40  93/52  83/6       

Clinopyroxene 6 03/42  77/51  20/6       

Clinopyroxene 7 35/41  09/49  56/9       

Clinopyroxene 8 40/39  43/53  17/7       

Clinopyroxene 9 24/40  65/52  11/7       

        

Sample Fe/(Fe + Mg) Cr# = Cr/(Cr + Al) Mg# = Mg/(Mg + Fe2+) Fe+2 Fe+3 Fe+2# = Fe+2/( Fe+2 + Fe+3) Fe+3 #  = Fe+3/( Fe+3 + Al + Cr) 

Cr-Spinel 1 34/0  39/0  73/0  16/2  82/0  72/0  05/0  

Cr- Spinel 2 32/0  39/0  75/0  04/2  73/0  73/0  04/0  

Cr- Spinel 3 35/0  42/0  72/0  27/2  86/0  72/0  05/0  

Cr- Spinel 4 36/0  42/0  70/0  41/2  74/0  76/0  04/0  

Cr- Spinel 5 32/0  47/0  73/0  17/2  54/0  79/0  03/0  

Cr- Spinel 6 32/0  47/0  73/0  15/2  58/0  78/0  03/0  

Cr- Spinel 7 31/0  47/0  73/0  12/1  55/0  79/0  03/0  

Cr- Spinel 8 31/0  46/0  73/0  13/2  51/0  80/0  03/0  
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 H!&M H!&M H!&M H!&M4 � ������ H!&M%$#&'  C �� (�
�� H�K� U�T�� �+��� ,�" �"&���# ��$! &8�� U
�= ��.  
Sample Name SiO2 TiO2 Al2O3 Fe2O3* MnO MgO CaO Na2O K2O LOI 

p1 95/54  45/0  36/14  56/8  13/0  05/4  58/10  22/3  55/0  14/3  

p2 89/54  73/0  82/15  95/8  14/0  43/4  45/8  13/3  55/0  91/2  

p4 03/54  92/0  5/14  89/8  14/0  49/4  28/10  11/3  6/0  03/0  

p10 75/54  98/0  48/15  77/10  18/0  68/3  93/5  34/4  71/0  18/3  

p11 37/53  23/1  46/15  47/11  19/0  51/3  6/6  49/4  71/0  97/2  

p18 28/55  63/0  44/15  76/8  15/0  66/3  44/9  71/2  72/0  2/3  

p19 63/57  7/0  02/14  61/7  12/0  68/3  75/9  18/3  26/0  03/3  

p19-1 99/57  63/0  74/14  14/8  13/0  43/3  83/8  8/2  31/0  99/2  

p22 85/56  8/0  46/14  04/9  13/0  8/3  39/9  25/2  18/0  11/3  

p23* 03/48  53/0  94/14  61/9  13/0  59/7  25/13  42/2  21/0  29/3  

p24* 23/45  7/1  86/10  34/14  18/0  411/9  33/13  49/1  24/0  25/3  

 H!&M ��#�# H!&M ��#�# H!&M ��#�# H!&M ��#�#4        
Sample Name Cr Ni Co Sc V Zn W Mo As Ag Au Ta Hf 

p1 676  5 39 38 198 46 2 76/5  19/1  7/0   5 65/0  56/5  

P2 728  5 43 41 192 60 2 77/3  68/1  8/0  9/1  73/0  38/5  

P4 719  5 42 40 220 55  5 89/5  54/1  7/0  4/1  72/0  78/5  

p10 622  5 47 46 269 141 2 5/1  23/18   5 8/2  69/0  12/6  

p11 628  5 53 47 286 106  5 8/1  53/13   5 5/0  79/0  05/6  

p18 1200 509 38 37 236 56 62/4  67/2  57/1  2/0  7/0  62/0  8/5  

p19 510  5 35 35 191 38 2 81/2  1/1   5 1/3  69/0  97/5  

p19-1 758  5 36 38 210 36 8/1  19/14  79/0   5 7/1  56/0  92/5  

p22 777 355 42 38 219 49 33/2  78/4  94/0   5 1/3  66/0  890/5  

p23* 518 143 38 44 202 61  5  5 7/4  7/4   5 28/0  2/1  

p24* 191 161 46 53 310 151  5  5 95/2  3/5   5 73/0  95/2  
        

 H!&M ��#�# H!&M ��#�# H!&M ��#�# H!&M ��#�#4....        

Sample Name Th U La Ce Nd Sm Eu Gd    Tb Dy Tm Yb Lu 

p1 61/0  5/0  06/2  74/4  02/4  44/1  1/1  10/2  36/0  32/2  25/0  8/1  27/0  

p2 72/0  6/0  39/1  26/3  30/3  32/1  58/0  24/2  40/0  94/2  30/0  95/1  28/0  

p4 7/0  6/0  22/3  29/6  41/4  64/1  86/0  30/2  39/0  99/2  31/0  01/2  3/0  

p10 67/0  6/0  96/2  2/6  50/4  68/1  86/0  43/2  44/0  10/3  33/0  38/2  37/0  

p11 73/0  7/0  44/2  4/5  92/4  02/2  98/0  43/2  41/0  17/3  36/0  56/2  41/0  

p18 63/0  5/0  62/1  43/3  68/3  42/1  72/0  20/2  35/0  60/2  28/0  73/1  27/0  

p19 65/0  55/0  94/1  88/4  97/3  37/1  55/0  93/1  34/0  32/2  29/0  87/1  28/0  

P19-1 57/0  5/0  9/1  34/4  98/3  43/1  65/0  04/2  32/0  61/2  28/0  8/1  29/0  

p22 67/0  52/0  02/2  07/5  03/4  46/1  77/0  28/2  36/0  73/2  6/027  56/1  25/0  

p23* 48/0  51/0  59/3  7/4  1/6  46/1  65/0   5 57/0  5/2  07/0  4/1  16/0  

p24* 54/0  67/0  31/3  7/10  9/6  19/3  5/1   5 21/1  2/5  1/0  56/1  73/0  

* $# �<	�'��]6.[  

 6#���Na2O  o
#�	# �
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&= ��X�- �R-
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(�
�� ���*�	# �<	�' �#�/ �
��0/ �K�� D�<�' �� &�#)  >�65

A.( &�
#�	 ��X�- �<1�#  o
#�	# LM*� �C �
�� WC ��*'�'� ,�"

�
��0/ 6#��� �� ��9�� (
# �� �" �C ��# %&� LM*� ��*�

�08# ��S/*� ��*K�  �� f
��� ! %��� ���_- �-O�� �K� �� �"

�
��0/ �K�� ! �
��0/ o
#&M $�� &���' �#�/ �" . �#�*K� ��

AFM ��*K� �#�/ �
�K'�� ,�� !� o
#&M Z: 6*�#��= �"

�<	�' &�#)  ;�65B .(�
��0/ �#�*K� �� 6#��� �� �1�� �"

SiO2��*K� �  ��#$�� L�C�- �")B( �<
$&�� ��#$�� �)O1 ( !

 �
$&��)O2 (�� 6�+� #�   &�"�)  >�65C  !65D .(  

%�#� A���-  �#�*K� �� �*M*� ,�"Th/Yb  �� �1��

Ta/Yb �� 6�+� ��*K� �C &"�  �<�I�*- o�� �� �*M*� ,�"

�� �#�/  &���')  >�75A .( �#�*K� �� (��sK"Ta/Yb  �1��

 ��Th/Yb��*K� � ��- ,�!&@ �- ! ,# �<�*' %�9<��: f
 �" 

�� 6�+� #� %&�  &�"�)  >�75B .(�sK"�(  �#�*K� ��Th-

Hf/3-Ta��*K� L0j# �  �� �"D�<�' A �<	�' �#�/ �� �C &�#

NMORB �" �� g*����*� )  >�75C(.  L�-�- (
# ��
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 �"�1� ! ���� 6�*� �<�I�*- �9���� ��9�� (
# �K��*)F �����

 ��NMORB  ��# .� �8��2 D&� ��Y��� �#�*K� A���- ���

��j �9���� ��
�&�C �� �1�� �C�: $# ��9�� (
# 6�*� �-

REE ) %y
! ��HREE �" ( 6#��� ��10  ��# ��#��)  >�75

D .( �� �1�� ���� D&� ��Y��� �#�*K�NMORB   !

EMORB �� �S��T� ��*� u��9�� �<+�� �"�1� �9��+� �N-

MORB  ��#)  >�75E  !75F .( �� �" �� (
# �� %!E2

�#�*K�  �1|� ,��Y�"�� 6#*- }� O�� D&� ��Y���Eu  �� #�

��*K� $# ,�#&S-��� %&"�+� �" . ��
�9
�M  ��� �� %&
&= (
#

Eu  ,�M ��Ca }� 6�+� ! ���"$EC*
FE= �� �C &"�Eu 

bE:�� REE �"�9
� ,  �<���'*	 ! �<�#� ��'$�� ,��<	�

 6y���#(�
�= ��# %�*�.  
    

A B 

  

C  

 

 
F=Foidite 

Ph=Phonolite 

T= Trachyte (Q<20%)& 

Trachydacite(Q>20%) 

R=Rhyolite 

Pc=Picrobasalt 

B=Basalt 

U1=Basanite(Ol<10%) 

& Tephrite(Ol>10%) 

 

U2=Phono-tephrite 

U3= Tephro-

phonolite 

S1= Trachybasalt 

S2=Basaltic 

Trachy-andesite 

S3= Trachy 

andesite 

O1=Basaltic 

Andesite 

O2=Andesite 

O3=Dacite 
 

D  

 

 

        

  >�  >�  >�  >�6 )A (%$#&'  C ��� L�C�- o
�K�  �
��0/ �#�*K� ,!� (�
�� y�E� ���*�	# �+��� ,�")Na2O + K2O ( �� �1��SiO2 ) $# �<	�'��

]21([ l)B (%$#&'  C ��� L�C�- o
�K�  �#�*K� ,!� (�
�� y�E� ���*�	# �+��� ,�"AFM ) $# �<	�'��]22([ l)C :(  C ��� L�C�- o
�K�

%$#&' � ,�"�
��0/ �#�*K� ,!� (�
�� y�E� ���*�	# �+�� )Na2O + K2O ( �� �1��SiO2 ) $# �<	�'��]23([ l)D :(��*K� ��S/*� ��*� ,�"

 �#�*K� �� �����SiO2  �� �1��K2O.  
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#$%$#&' (�)�� ���*�	# �+��� ,�" 

A B 

  

C D 

 

E F 

        

  >�  >�  >�  >�7    )A (%$#&'  C ��� L�C�- o
�K�  (�
�� y�E� ���*�	# �+��� ,�" ���#�*K� Ce/Yb  �� �1��Ta/Yb ) $# �<	�'��]24([ l)B ( o
�K�

%$#&'  C ��� L�C�-  (�
�� y�E� ���*�	# �+��� ,�" �� �#�*K�Ta/Yb  �� �1��Th/Yb ) $# �<	�'��]24([l )C (  C ��� L�C�- o
�K�

%$#&'  (�
�� y�E� ���*�	# �+��� ,�" ���#�*K� Th-Hf/3-Ta ) $# �<	�'��]25([l )D (#�*K� l�
�&�C �� �1�� �C�: ���� �8��2 ,$����Y��� �

)E ( �� �1�� �C�: ���� �8��2 ,$����Y��� �#�*K�NMORB l)F ( �� �1�� �C�: ���� �8��2 ,$����Y��� �#�*K�EMORB.        
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��#��� ! ~R���#��� ! ~R���#��� ! ~R���#��� ! ~R�        

 ���!# ,�����C ������ J
�<� $# � C ��� L�C�- ����� �� %!E2

�� ��� A��� (
�Q� !*�2 �� 6#*- (��$ Z�R� r:�� 6#

��� %��7<�# ����M �:�� .�� �����C (
# �0KM $#  �� 6#*-

 ��9�� (
# �� �*M*� �#� 3!�C ,��0��G�# ! ����C!��=*��0C

��� %���# . ����M �:�� (��$ Z�R� ����� �� ��#�# ��

%$#&'  (
# L�C�- $# %��7<�# �� (�
�� ���*�	# �+��� ,�"

���C :#��= �
$ ��� �� ��"�� �< �*�.  

W�# ( L���- U
�= �� ����M �:�� (��$ Z�R� ����� ��

�� ������!��=*��0� l^!� (
# 6���9+�= �0KM $# �� 6#*-]26 �

27 [��� %���# . g�1-�# ����� �� ,��
$ �#�	# ��� ���� $# 4=

 �<:�� (��$ Z�R� �� N��0� ,�����!��=*��0� L�C�- (��

�<:#��= ��	�'  ;� 6� �� ���*�	# ��&�# . D&��2 ��]3 [

 6#��� �� .!�7-Ti �� &��� ���*�	# i*� �9���� &�#*- . (
# U
�=


 ����S	 �C ��# �#*<�# (
# �� ^!� �� �k�2 N

�� �*01<� 6*9�� N
 $# �� ����!��=*��0�  ����S	 �� ��*�

.�*8 �� #� 6� ! ��# L���<� 6*9�� �� �k�2 6�K" 

Liquid

CPX
DK�� 6�+� &�"� ..!�7- L�-�- (
# ��  �
��K�� ,�"

,�� 6*9�� (�� �� �08# �
�K'�� ,�"  L���- �� &�#*-

�� ���#`9� ��X�- (��!��=*��0�  U���$ �� �� ,�8��2 ,!� %y
!

�� ���� ��9�� (
#  &���]27[. ��� �'y
! �C �Y�� $# -

 �� ��# (;K� ���+7+-� ,��9�� �K��*)F ! �����

 �� #`� �&��� �<�#� �T�#� ���� �<:�� (��$ Z�R� �� t�K��<��

�����'�  ,&S� ,�")o��#!  �1/ $#  ��#$�� (�
�= ,��� �� �"

o��#! ��
�� P� ��  �
�� P� �� ��#$�� �����' ! O�� ,��� �� ,�"

��@�� ��*'�'� !,# (�'y
! ��# (;K� ���� ! �K��*)F ,�" -

 ! &"� �#�/ ��X�- �R- #� ���+7+-� ,��9�� ���!# �����

�K
&/ �<:�� (��$ ,��K
F� r��+-    >+� ^*�<�� #�

 &�C]27 .[��*'�'� H�|� 6#*�2 �� �
$  ��<�#$�� �
�
��

)�0�G�#� �" (�� LM*� �a� $# ��9�� (
# �� �*� Ca �Mg � !

Si  �8��2 �a� $# ! %&� ��-Na �K�  !Fe &�*� ��j! �  �8��2

Mg  !Fe � �&���  K2 {�R<� .�*8.  (��sK"��*'�'� �� 

���:�D  �8��2 ��<�#$�� �� �1� ����Fe �Mg �Na�  !K � �

 {�R<� .�*8%�*�  !TiO2  !Al2O3  ��{�R<�#&� ]28.[ 

%$#&' ,����C!��=*��0C L�C�- A���-  �� (�
�� �+��� ,�"

 �#�*K�SiO2  �� �1��Al2O3 ) $# �<	�'��]26  !29 ([ 6�+�

�� ��*K� (
# �C &"�  &�<�" �
��0/ �K�� i*� $# �")  >�8 5

A .( �
���� �
�= �� (��sK"F1  !F2 ) $# �<	�'��]26 ([ ���

 �� �(�
�� ,��<�0�G�# ,����C!��=*��0C WC ,��<�#$�� D�<�'

 ���+7+-� V*/ ,��<�#$�� ! ��*���/#)VAB+OFB ( �#�/

��  &���')  >�85B .(  

P ( L���- $# %��7<�# �� �����M �:�� (��$ Z�R� �����

0��G�# u��3!�� ��� ��  ��G�# 3!�C ��#�  �� ���+7+-� ,�"

Q*7� �
 ! �*0� �
� #&�= .�*8 ���� �� �
�"�� %&
� �9
� ,�" -

*� �6� ��$#��= �
� ������ ! �1�C�- D�<�' $# %��7<�# �� ! �&�

�� 6#*-�K�� i*� ��  ��� �= �K'�� . %��7<�# �� �1�� $#TiO2 

�� )Fe3+# =Fe3+/(Cr+Al+Fe3+)(  ��G�# �� �*M*�  ��"

�� �08# ,�K'�� i*� �� 6#*- ��S
 ��#$�� �R78 6!�� �,#

P�*� ! � ��*/ �
#�M ��#$��
&>
 $# #� �#� r��+- �9]2 .[

�� 6�+� ,������� �� ���C (
# �C &�"�P�*�  �
���� �� �"

��  �>+- �KC�� �a� �� �<+�� ! �*� �� 6� �*p@ �C &��

 U��!# ,���*9�� �9
� ! (
*��# $# ��j �<
�>�= ! ���!# ,��<�#$��

 &��� �!&R� 3!�C $# ��j]30 .[ �� ���C (
#P�*�  ,#�#� �"

 �1��FeO/(FeO+MgO)  %�*� ���
�=]31� 32 [ ^*�<��

6#&�? �9<�;� ��# %&+� �K'�� �*S8 3�9�" �K�� . %!E2

 �� �*M*� ,��0��G�# (
# ��P�*�  �a� $# �"Al  ��j]30[  !

 ,#�#�Ti  &�<�" ���
�=]33 .[ 3!�� ��S/*� o
�K�

%$#&' �� �*M*� ,��0��G�#  (�
�� H�K� ���*�	# �+��� ,�"

 &8�� �#�*K� ,!�TiO2  �� �1��Cr# �� 6�+� ���  �C &"�

��*K� %$#&' ,�"  ,��<�#$�� D�<�' �� �+��� ,�"MORB  �#�/

��  &���')  >�95A .( &8�� �1�� ����� (��sK"TiO2 

�� �1��Fe
+3

#   �� �*M*� ,��0��G�# 3!�� ��S/*� o
�K� !

%$#&' �� 6�+� �[*��� �#�*K� �� (�
�� ���*�	# �+��� ,�"  &"�

�� �C ,��<�#$�� D�<�' �� ��MORB �� �#�/  &���') >� 9 5

B .( �#�*K� ��Cr#  �� �1��Mg#  Z�*- �C]34[  ,#��

 ��� ��# %�#� �)#�# ���+7+-� ,��9�� �� �*M*� ,��0��G�#

��*K�  D�<�' �� �"P�*��" �� �#�/ &���')  >�95C.( 
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#$%$#&' (�)�� ���*�	# �+��� ,�" 

 

 

 

 

 

 

 

 

 

        

        

        

        

        

        
        

        

  ;�  ;�  ;�  ;�8 )A (*M*� ,�����!��=*��0� L�C�-%$#&' �� �  �#�*K� �� (�
�� H�K� ���*�	# �+��� ,�"SiO2  �� �1��Al2O3 ) $# �<	�'��]26 [ !
]29([ l)B (%$#&' �� �*M*� ,�����!��=*��0� ��S/*� o
�K�  (�
�� H�K� ���*�	# �+��� ,�" �#�*K� ��F1  !F2 ) $# �<	�'��]26.([  
*  �
���� �1��R�F1  !F2:  

F1 = -0.012 * SiO2 - 0.0807 * TiO2 + 0.0026 * Al2O3 - 0.0012 * FeO* - 0.0026 * MnO + 0.0087 * MgO - 0.0128 * CaO - 0.0419 * Na2O 

F2 = -0.0469 * SiO2 - 0.0818 * TiO2 - 0.0212 * Al2O3 - 0.0041 * FeO* - 0.1435 * MnO 5 0.0029 * MgO + 0.085 * CaO + 0.0160 * Na2O 

 
 

        

        

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  
  

  

  

  

  
  

  

  ;�  ;�  ;�  ;�9 )A (3!�C ,��0��G�# L�C�- �#�*K� ,!� �� �#�TiO2 ��#�� ��Fe
+3

#  ) $# �<	�'��]2([ l)B (%$#&' �� �*M*� ,��0��G�# L�C�-  �+��� ,�"

 �#�*K� �� (�
�� H�K� ���*�	#TiO2 �� �1��Cr#  ) $# �<	�'��]2([ l)C (3!�C ,��0��G�# L�C�-�#�*K� �� �#� Cr#  �� �1��Mg# ) $# �<	�'��

]34.([  

A B 

A B 

C 
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 �+�� P!Q ��� U1��R� �+�� P!Q ��� U1��R� �+�� P!Q ��� U1��R� �+�� P!Q ��� U1��R�        

 3!�C  ��G�# �*M! �� ��<�#$�� (
# �� �#� �#*-& M�� .� ,O��

 6�+� #� �+�� P!Q &"�]2[.  ,������� ��]35 [ u#�� }�!�

��# %&� �)#�# %�9<��: ��� �+�� P!Q &8�� U1��R� . (
#

 ,#*<R� U
�= �� ^!�Cr# *� ��� �� �*M*� ,��0��G�# ! %�

 .�*8 �� 6� H*��	F%=10ln(Cr#) + 24 ��# . J
�<�

%$#&' (
# �C &�<�" (
# �9����  8�@  ^*�<�� �+��� ,�"

 D�<�' �� �+�� P!Q14516  %�9<��: ��� �� �1�� &8��

&�# %&� �*: ���!# �<�-!&
�= . ,������� �9
� �
*� $#]14 [

�� 6�+� ���*�	# ,��<��!$�� �+�� P!Q 6#��� �C &"�  (�
��

 �!&@ ��8   ! &8��    �!&@ �� ��T�� ,��<��!� ! ��<�'�*�$��"

15516 ��# &8�� . �+�� P!Q 6#��� 6�*� �<KC �� �M*- ��

��  ��<��!$�� ���!$�� 6#*-   %�9<��: 6#*�2 �� #� �#�  ��G�#

��C �	�S� ��9�� (
# ���!# �<�-!&
�= .  

 6#��� �����TiO2  !Fe2O3 %$#&'  �+��� ,�" A���- !

 �#�*K� �� ����)  >�10 (�� 6�+� �����*K� �C &"�  t�1
��- �"

6*9�� D�<�' ��  O�� �+�� P!Q �� %&� ��- �<�-!&
�= ,�"

�� �#�/&���' .  

�
�� WC ��*'�'� }�����
�� WC ��*'�'� }�����
�� WC ��*'�'� }�����
�� WC ��*'�'� }����        

�*p@ %$#&'  �#&:� $# 6�+� �+��� ,�"���+7+-�  Z�R� ��

 ��� w�K2�*���/# WC ,��T�R�� ��#�. ���9�" �C %$#&'  ! �"

��� $#  8�@ ,��9��o
#  ���� V�K- �� �#�/ �
�� P�  &���'

 ! %&� o�C#! ��#! ���� ���
�����1- �� 3�Y�# #� &�"� . �Y�<�

�*���/# WC ,��<�0�G�#  �>+- ��+�C#! (
#� ��# . &"#*�

 (
#�
��K�� �
�����1- %$#&' 6&� �<�0�G�# !  �� �+��� ,�"

����� �$� ! �
#�R8 ,�"��*K� �"�9+
� � (�)�� ���*�	# ,�" �

��# r�+� ��*: .<�0�G�#  ��� ��9�� $# �"!�'C ���� �

 �8��2 ! �#&:� ��R� $#��	<<�#$�� �� ��1� � ��&�<�"��! �  $#

$��#<� ��� �0��!U ���:� �
����C ,�"$�	 �*M!D  ���� �1�

���0C �.!&�=# ��
�0C ���1��  |�f�>7- � �� &�*�.  

�0C �*[ �� ��  6#*- 6&� �<�0�G�# &"#*� $# �� �*M!

 $#  8�@ �
�0C�����'�  �����C!��= ! ���
*��#  �>+-

- ���I0G�*= �K� $# �"$EC*
FE= L�C�- ���_N��0�  �K� ��

N
&���� (
# L�C�- �� ���>�� �8��2 ��#!#�	 ! �  �" %���#

��� .  >� ��11 &
&= (�@ �C �
��+�C#!D  6&� �<�0�G�#

�� �� %&� %��!� &"�#&�.  %&"�+� ��� �
*k- (
# �� �C �;���?

��%��� ��X�- �R- ! &�
#�	 (
# �[ �*� u!�@ ,�"Na  !

CO2 �8��2 �Ca �Mg�Mn   ! �%&� �<�� ��#$�� �� �*M*�

 �� #� �*: u�MNa }�&�"� . �1�� o
#�	# �� L�-�- (
# ��

Al �Fe �Si ! �Na}� ����C  
&1- &"�� 6#*-= ,�" ! $EC*
FE

�*� ��0�G�# �� �
�0C ! ��1�� �� �
F!#.  

�Y����� (��$�Y����� (��$�Y����� (��$�Y����� (��$        

^!� $# ��9�� (
# �Y����� (��$ �*a�� ��   �Y����� (��$

 �C ��9�� (
# �� �*M*� (�C!��=*��0C]36 [ ��# %��� �)#�#

&� %��7<�# . ����C!��=*��0C �Y����� (��$ $#  8�@ J
�<�

 H!&M ��5 %&� %��!�&�# . ,��� �� ����C!��=*��0C  �>+-

 ,�"��+	1  �-6   ����*0�C1058  �-1170  �#�9�<��� UM��

��# %�*� .��# (��? ^!� (
# �� %��7<�# ��*� H*��	 :  

  

2)()).(29.0(55.1).83.0(50.4).90.2(32.15)32.0(25.13

)().27.4(28.39)447(23166
30)(

cpx
enLnaNaCrAlFeTi

KbarP
KT

+−+±−±+±+±

±+±
=±

 

))(
2

1
1).(1( KNaCrAlKNaCaa

Cpx

en +++−−−−=

 

 

 

        

www.SID.ir



Arc
hi

ve
 o

f S
ID

���� ��������� �
����� ��  � ��� ! �" �
#$%$#&' (�)�� ���*�	# �+��� ,�" 

        

        

 

 

 

 

 

 

 

        

        

        

  >�  >�  >�  >�10        ��*K� %$#&' ,�"  �#�*K� �� �+��� ,�"TiO2  �� �1��Fe2O3 ) $# �<	�'��]37.([ 

 

 

 

 

 

 

 

 

 

 
        

        

  >�  >�  >�  >�11     ���1- �
��%$#&' 6&� �<�0�G�# 3�9�" �C �� �� �+��� ,�" &�"� )$# �<	�'�� ]38[.(        

 H!&M H!&M H!&M H!&M5     ,�"��+	 �� %&� �1��R� ,��� 6#���1  �-6 �%$#&' �� �*M*� u����C!��=*��0C ,#�� ���*0�  $# %��7<�# �� (�
�� ���*�	# �+��� ,�"

^!� ]36.[  

  

  

  

  

  

  

  

  
                

 Pressures (Kbar): 1 2 3 4 5 6 

Samples: Temperatures (oC):  
Clinopyroxene 1 1075 1077 1079 1082 1084 1086 

Clinopyroxene 2 1058 1060 1063 1065 167 1069 

Clinopyroxene 3 1158 1160 1163 1165 1168 1170 

Clinopyroxene 4 1103 1106 1108 1110 1113 1115 

Clinopyroxene 5 1082 1084 1087 1089 1091 1094 

Clinopyroxene 6 1091 1093 1095 1098 1100 1102 

Clinopyroxene 7 1090 1092 1094 1097 1099 1101 

Clinopyroxene 8 1144 1147 1149 1152 1154 1156 

Clinopyroxene 9 1119 1121 1124 1126 1128 1131 
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