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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 OC.  
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�.�>$#+8' �5"725.%&5"� &
%�z? !"
�� ��H� �"�2"	+ �-��9 :�; :)A(%)B:(!
2"�+ :��6�+#�9 �+�(ppl)�-"0 �^ ��2GE? k2�6.� R"� (4 :�;
$80 8�+)(2".�5")
&6
%�({)C(%)D:(��+#�9 �"NGK�27 % !�B%&"72/"G^ #+ �/y :�;(xpl)�)E(%)F(:��+#�9�G94 �	�9 �9 #HB2
IH7 #+ �/y :�; -
(2'(ppl))���B ���.+ `)�� #+ �6	&'&9 �;]�u[.($#+8' C8�#�. :�Q'�� �� ~
+8T �+83� ��b"6� &
%�z? !
+8/6�; �-��9 :�;.
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���^ R"���4P/. �
�.�/0 �� >^ P/. % �; �
+#$#+8' !"D�� �"�2"	+ �-��9 :�; ���

 ?��@A�\�� R"���4 O
�6� �2T2� :��"��^ :+��$#+8' !"D�� �"�2"	+ �-��9 :�; &9]
�78*�� 8"�B+ ��#% �;.
Mineral SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O NiO Total

Clinopyroxene 1 d�/�� ��/� ��/� ��/� ��/�� ��/� ��/�� ��/�� ��/� ��/� ��/� ��/���
Clinopyroxene 2 ��/�� ��/� ��/� ��/� ��/�� ��/� ��/�� ��/�� ��/� ��/� ��/� ��/���
Clinopyroxene 3 �u/�� ��/� ��/� ��/� ��/� ��/� ��/�� ��/�� ��/� ��/� �u/� u�/uu
Clinopyroxene 4 ��/�� ��/� �u/� �u/� ��/� ��/� ��/�� ��/�� ��/� ��/� ��/� ��/���
Clinopyroxene 5 ��/�� ��/� ��/� ��/� ��/� ��/� ��/�� �u/�u ��/� ��/� ��/� �u/uu
Clinopyroxene 6 ��/�� �u/� ��/� ��/� ��/� ��/� ��/�� ��/�� ��/� ��/� ��/� ��/���
Clinopyroxene 7 ��/�� ��/� ��/� �u/� ��/� ��/� ��/�� ��/�� ��/� ��/� ��/� ��/���
Clinopyroxene 8 ��/�� �u/� ��/� ��/� ��/� ��/� ��/�u ��/�u �u/� ��/� ��/� �u/���
Clinopyroxene 9 �u/�� ��/� ��/� ��/� �u/� ��/� ��/�� u�/�u ��/� ��/� ��/� ��/uu

Amphibole 1 ��/�� ��/� ��/� ��/� �u/� �u/� ��/�u ��/�� ��/� ��/� ��/� �u/u�
Amphibole 2 ��/�� ��/� ��/� ��/� ��/� ��/� ��/�� ��/�� ��/� ��/� ��/� u�/u�
Amphibole 3 ��/�u ��/� ��/� ��/� ��/� �u/� ��/�� ��/�� ��/� ��/� ��/� u�/u�
Pumpellyite 1 ��/�� ��/� u�/�� ��/� ��/�� ��/� ��/� ��/�� ��/� ��/� ��/� u�/�u
Pumpellyite 2 ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/�u ��/� ��/� ��/� u�/u�
Pumpellyite 3 �u/�� ��/� ��/�� ��/� ��/� ��/� ��/� u�/�� ��/� ��/� �u/� ��/��
Pumpellyite 4 ��/�� �u/� ��/�u ��/� u�/� �u/� ��/� ��/�� �u/� ��/� ��/� �u/��
Pumpellyite 5 ��/�� ��/� ��/�u ��/� ��/� ��/� ��/� u�/�� ��/� ��/� ��/� ��/��
Plagioclase 1 ��/�� ��/� ��/�� ��/� �u/� ��/� ��/� ��/� ��/�� ��/� ��/� u�/���
Plagioclase 2 ��/�� ��/� ��/�� ��/� �u/� ��/� ��/� ��/� ��/�� ��/� ��/� ��/uu
Plagioclase 3 ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/�� u�/� ��/� ��/� u�/uu
Plagioclase 4 ��/�� ��/� ��/�� ��/� u�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/uu
Cr-Spinel 1 ��/� �u/� ��/�� ��/�� �u/�� ��/� ��/�� ��/� ��/� ��/� �u/� ��/u�
Cr- Spinel 2 ��/� ��/� ��/�� ��/�� ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/u�
Cr- Spinel 3 ��/� ��/� u�/�� ��/�� ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/u�
Cr- Spinel 4 ��/� ��/� ��/�� ��/��� uu/�� ��/� ��/�� ��/� ��/� ��/� ��/� u�/u�
Cr- Spinel 5 ��/� ��/� ��/�u ��/�� ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/u�
Cr- Spinel 6 ��/� ��/� ��/�� ��/�� ��/�� ��/� �u/�� ��/� ��/� ��/� ��/� ��/u�
Cr- Spinel 7 ��/� ��/� ��/�u �u/�� ��/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/u�
Cr- Spinel 8 ��/� ��/� ��/�u �u/�� ��/�� �u/� ��/�� ��/� ��/� ��/� ��/� u�/u�

?��@B�63�. L2�&	 O
�6��:r
 L%8T �� �2T2� :��"��B.
Sample Mineral Type Oxyg.* Si Ti Al Cr Fe+2 Fe+3 Mn Mg Ca Na K Ni Total

Clinopyroxene 1 Augite � dt/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 2 Augite � ��/� ��/� �u/� ��/� �u/� ��/� ��/� �u/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 3 Augite � u�/� ��/� ��/� ��/� �u/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 4 Augite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 5 Augite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 6 Augite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 7 Augite � �u/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 8 Augite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene 9 Augite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� ��/� ��/� ��/�

Amphibole 1 Tremolite �� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �u/� ��/� ��/� ��/� ��/��
Amphibole 2 Tremolite-Actinolite �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/��
Amphibole 3 Tremolite-Actinolite �� ��/� ��/� ��/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �u/��
Pumpellyite 1 pumpellyite �� ��/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/��
Pumpellyite 2 Pumpellyite �� ��/� ��/� �u/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� uu/��
Pumpellyite 3 Pumpellyite �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� 11/�d
Pumpellyite 4 Pumpellyite �� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� 1t/�d
Pumpellyite 5 Pumpellyite �� ��/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� 1d/�d
Plagioclase 1 Albite � �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� uu/�
Plagioclase 2 Albite � u�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� ��/� ��/� u�/�
Plagioclase 3 Labradorite � ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Plagioclase 4 Andesine � u�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr-Spinel 1 Chromian Spinel �� ��/� ��/� ��/u u�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 2 Chromian Spinel �� ��/� ��/� ��/u ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 3 Chromian Spinel �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 4 Chromian Spinel �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 5 Chromian Spinel �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 6 Chromian Spinel �� ��/� ��/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 7 Chromian Spinel �� ��/� ��/� ��/� ��/� ��/� ��/c ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
Cr- Spinel 8 Chromian Spinel �� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� cc/1s
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���G�+8EF ��9+&?$�+# �0�&"0 ���

?��@CE.�Z�]:��F+ 8*�����
�7 �� 8��T L2GZ� &
���� ]E.�Z� R"� % ��;#HB2
IH7 % ��/�B%&"72/"GBFe+2#�Fe+3#% �Cr# ��2� ��
J%&B :��G/"K.+r
 L%8T �� �2T2� �+�.

Sample Wollastonite Enstatite Ferrosilite  Sample Albite Anorthite Orthoclase 
Clinopyroxene 1 �s/��  ��/��  ��/��  Plagioclase 1 u/u�  �/� �/�
Clinopyroxene 2 �t/�d  ��/��  ��/��  Plagioclase 2 �/u�  �/� �/�
Clinopyroxene 3 dc/sc  ��/��  ��/� Plagioclase 3 �/��  �/��  �/�
Clinopyroxene 4 dc/sc  �u/��  ��/� Plagioclase 4 u/��  �/��  �/�
Clinopyroxene 5 ��/��  u�/��  ��/�
Clinopyroxene 6 c�/s1  ��/��  ��/�
Clinopyroxene 7 ��/��  �u/�u  ��/u
Clinopyroxene 8 ��/�u  ��/��  ��/�
Clinopyroxene 9 ��/��  ��/��  ��/�

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 ��/� �u/� ��/� ��/� ��/� ��/� ��/�
Cr- Spinel 2 �1/c �u/� ��/� ��/� ��/� ��/� ��/�
Cr- Spinel 3 ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr- Spinel 4 ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr- Spinel 5 �1/c ��/� ��/� ��/� ��/� �u/� ��/�
Cr- Spinel 6 �1/c ��/� ��/� ��/� ��/� ��/� ��/�
Cr- Spinel 7 ��/� ��/� ��/� ��/� ��/� �u/� ��/�
Cr- Spinel 8 ��/� ��/� ��/� ��/� ��/� ��/� ��/�

�.�D)A(S"B&?$#+8' �� �2T2� :��/�B%&"72/"GB !"
�� �"�2"	+ �-��9 :�;)#+ �6	&'&9 �+�2Q�]1c([ {)B(S"B&? �� �2T2� :�;#HB2
IH7
$#+8' !"
�� �"�2"	+ �-��9 :�; {)C(�� �2T2� :���2E")�4 �E"B&? �"[U2�$#+8' �-��9 :�;!"
�� ��H� �"�2"	+ .
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���^ R"���4P/. �
�.�/0 �� >^ P/. % �; �
+#$#+8' !"D�� �"�2"	+ �-��9 :�; ���

 ?��@E. R"���4 L%8T $#+8' >B P/ !"
�� L�Q0 ]�\/� �-��9 :�; �;8"�^+ ��#% 8*�� ]
�7 &9.
Sample Name SiO2 TiO2 Al2O3 Fe2O3* MnO MgO CaO Na2O K2O LOI 

p1 t�/�s s�/c ��/�s ��/� ��/c c�/s ��/�c 11/� ��/c �s/�
p2 �t/�s d�/c �1/�� t�/� �s/c s�/s s�/� ��/� ��/c t�/1
p4 c�/�s t1/c �/�s �t/� �s/c st/s 1�/�c ��/� �/c c�/c
p10 d�/�s t�/c s�/�� dd/�c ��/c ��/� t�/� �s/s d�/c ��/�
p11 �d/�� 1�/� s�/�� sd/�� �t/c ��/� �/� st/s d�/c td/1
p18 1�/�� ��/c ss/�� d�/� ��/� ��/� ss/t d�/1 d1/c 1/�
p19 ��/�d d/c c1/�s ��/d �1/c ��/� d�/t ��/� 1�/c c�/�

p19-1 tt/�d ��/c ds/�s �s/� ��/c s�/� ��/� �/1 ��/c tt/1
p22 ��/�� �/c s�/�s cs/t ��/c �/� �t/t 1�/1 ��/c ��/�

p23* c�/s� ��/c ts/�s ��/t ��/c �t/d 1�/�� s1/1 1�/c 1t/�
p24* 1�/s� d/� ��/�c �s/�s ��/c s��/t ��/�� st/� 1s/c 1�/�

?��@ 34���E
Sample Name Cr Ni Co Sc V Zn W Mo As Ag Au Ta Hf 

p1 �d�  �t �� �t� s� 1 d�/� �t/� d/c  ��/c ��/�
P2 d1�  s� s� �t1 �c 1 dd/� ��/� �/c t/� d�/c ��/�
P4 d�t  s1 sc 11c ��  �t/� �s/� d/c s/� d1/c d�/�
p10 �11  sd s� 1�t �s� 1 �/� 1�/��  �/1 �t/c �1/�
p11 �1�  �� sd 1�� �c�  �/� ��/��  �/c dt/c c�/�
p18 �1cc �ct �� �d 1�� �� �1/s �d/1 �d/� 1/c d/c �1/c �/�
p19 ��c  �� �� �t� �� 1 ��/1 �/�  �/� �t/c td/�

p19-1 d��  �� �� 1�c �� �/� �t/�s dt/c  d/� ��/c t1/�
p22 ddd ��� s1 �� 1�t st ��/1 d�/s ts/c  �/� ��/c �tc/�

p23* ��� �s� �� ss 1c1 ��   d/s d/s  1�/c 1/�
p24* �t� ��� s� �� ��c ���   t�/1 �/�  d�/c t�/1

?��@ 34���E.
Sample Name Th U La Ce Nd Sm Eu Gd Tb Dy Tm Yb Lu

p1 ��/c �/c c�/1 ds/s c1/s ss/� �/� ��/� ��/� �1/1 1�/c �/� 1d/c
p2 d1/c �/c �t/� 1�/� �c/� �1/� ��/c 1s/1 sc/c ts/1 �c/c t�/� 1�/c
p4 d/c �/c 11/� 1t/� s�/s �s/� ��/c �c/1 �t/c tt/1 ��/c c�/1 �/c
p10 �d/c �/c t�/1 1/� �c/s ��/� ��/c s�/1 ss/c �c/� ��/c ��/1 �d/c
p11 d�/c d/c ss/1 s/� t1/s c1/1 t�/c s�/1 s�/c �d/� ��/c ��/1 s�/c
p18 ��/c �/c �1/� s�/� ��/� s1/� d1/c 1c/1 ��/c �c/1 1�/c d�/� 1d/c
p19 ��/c ��/c ts/� ��/s td/� �d/� ��/c t�/� �s/c �1/1 1t/c �d/� 1�/c

P19-1 �d/c �/c t/� �s/s t�/� s�/� ��/c cs/1 �1/c ��/1 1�/c �/� 1t/c
p22 �d/c �1/c c1/1 cd/� c�/s s�/� dd/c ��/� ��/� d�/1 �/c1d ��/� 1�/c

p23* s�/c ��/c �t/� d/s �/� s�/� ��/c  �d/c �/1 ��/� s/� ��/�
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 L%8T ���$80 $��%4 8�+ .�� ��/�B%&"72/"GB >"=-? :���
 :�;��-	��?����92G"B �c�� �? ��dc $�29 �+&,"6��. ]T�� 

�.+ .�.+ !"/j k%� !
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)().27.4(28.39)447(2316630)( cpx

enLnaNaCrAlFeTi
KbarPKT
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�.�%T��2Q� $#+8' :�; �+�2Q� �� �-��9 :�;TiO2�9 �E�� Fe2O3)#+ �6	&'&9]�d.([ 
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k%�]��.[ 

3S	;� 

Pressures (Kbar): � � � � � �
Samples: Temperatures (oC): 

Clinopyroxene 1 ���� ���� ���u ���� ���� ���� 
Clinopyroxene 2 ���� ���� ���� ���� ��� ���u 

Clinopyroxene 3 ���� ���� ���� ���� ���� ���� 
Clinopyroxene 4 ���� ���� ���� ���� ���� ���� 
Clinopyroxene 5 ���� ���� ���� ���u ��u� ��u� 
Clinopyroxene 6 ��u� ��u� ��u� ��u� ���� ���� 

Clinopyroxene 7 ��u� ��u� ��u� ��u� ��uu ���� 
Clinopyroxene 8 ���� ���� ���u ���� ���� ���� 
Clinopyroxene 9 ���u ���� ���� ���� ���� ���� 
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