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Abstract: Acidic and basic volcanic and intrusive rocks of Harzandat-Divan Daghy as 

individual masses, are located in North and Northwest of Marand (Harzandat) and South of 

Jolfa (Ghareh Gose-Divan Daghy) trending NW-SE.These rocks are located under Permian 

progressive deposits, which are covered by an igneous sole unconformity. Lithological 

composition of the acidic volcanic rocks ranges from dacite, rhyodacite to rhyolite, and basic 

volcanic rocks range from basalt to basaltic-andesite, where as plutonic rocks are of quartz-

syenite. Major minerals of the acidic volcanic rocks and acidic intrusive bodies are quartz, 

plagioclase and K-feldspar and of the basic volcanic rocks are plagioclase, pyroxene and 

olivine. Minor minerals of these rocks are biotite, amphibole, sodic pyroxene, apatite, titanite 

and zircon. Emplacement of intrusions was in shallow depths as dyke, sill and small stocks 

and are of A-type. Studies show that acidic volcanic rocks are cognate to intrusive bodies and 

these rocks are A1 type. Basic volcanic rocks plot in two field on the discriminant diagrams 

for basalts: oceanic basalts and within plate basalts, therefore two possibilities may 

reinforced:1) either these basalts are the remanents of early Paleo-Tethys oceanic-crust or 2) 

these basalts were erupted in post collision and within plate environments perior to acidic 

eruptions and intruding of acidic masses. With respect to shoshonitic characteristics of these 

basalts which have been determined on the basis of immobile elements, and considering 

absence of shoshonitic rocks in oceanic environments the latter idea seems to be more 

acceptable.                                      
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Rhyolite Application 

AR3f2 DR-15 AR3g2  ER-15 BR-3 Sample name 

Value  Value  Value  Value  Value  Unit Compound 

40/72  20/71  61/72  98/69  40/73  %  SiO2 

82/13  37/16  43/13  70/13  36/12  %  Al2O3 

13/2  96/2  25/3  67/3  22/4  %  Fe2O3 

55/0  21/0  26/0  87/0  46/0  %  MgO 

74/0  69/0  80/0  03/2  31/0  %  CaO 

98/3  43/4  82/3  77/3  99/3  %  Na2O 

78/4  56/2  33/4  41/4  74/3  %  K2O 

01/0  02/0  00/0  05/0  02/0  %  MnO 

46/0  46/0  41/0  41/0  36/0  %  TiO2 

13/0  11/0  10/0  10/0  13/0  %  P2O5 

2 2 16 9 11 ppm Cs 

18 20 17 18 18 ppm  Ga 

3 3 3 3 3 ppm  Mo 

82 75 77 65 84 ppm  Sn 

14 16 10 9 12 ppm  Ni 

155 75 132 135 108 ppm  Rb 

158 156 130 84 64 ppm  Sr 

22 23 25 30 25 ppm  Y 

85 90 103 98 68 ppm  Cr 

489 540 452 469 451 ppm  Zr 

47 51 44 46 42 ppm  Nb 

858 864 818 848 839 ppm  Ba 

82 90 85 75 78 ppm  La 

66 65 63 64 62 ppm  Ce 

8 11 6 5 6 ppm  Yb 

2 1 1 6 1 ppm  Sc 

37 34 32 32 28 ppm  V 

45 7 36 15 17 ppm  Pb 

1 3 4 2 2 ppm  Cu 

2 3 5 5 7 ppm  Co 

45 90 9 99 41 ppm  Zn 

17 23 17 17 19 ppm  Th 

17 16 16 13 16 ppm  Nd 

4 4 5 4 5 ppm  Sm 

1 2 0 2 1 ppm  Ta 

0 0 0 0 0 ppm  Eu 
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Rhyolite Application 

DR-18 ER-13 ER-14 BR-2 BR-12 Sample name 

Value  Value  Value  Value  Value  Unit Compound 

20/74  28/68  94/68  95/70  28/74  %  SiO2 

85/12  92/14  45/14  29/14  84/11  %  Al2O3 

25/3  96/3  46/4  52/4  96/2  %  Fe2O3 

67/0  66/0  72/0  31/0  63/0  %  MgO 

50/0  56/2  53/0  71/0  10/0  %  CaO 

92/3  98/3  05/4  29/4  70/3  %  Na2O 

11/3  07/4  91/3  26/4  12/5  %  K2O 

02/0  09/0  04/0  02/0  01/0  %  MnO 

36/0  37/0  51/0  44/0  31/0  %  TiO2 

11/0  10/0  15/0  13/0  05/0  %  P2O5 

20 2 2 14 12 ppm Cs 

19 20 20 18 19 ppm  Ga 

3 3 3 3 4 ppm  Mo 

97 81 77 70 66 ppm  Sn 

11 16 16 21 15 ppm  Ni 

89 123 112 124 177 ppm  Rb 

87 169 106 65 41 ppm  Sr 

20 26 34 26 51 ppm  Y 

69 106 65 76 108 ppm  Cr 

521 489 502 468 927 ppm  Zr 

46 45 52 47 96 ppm  Nb 

861 874 851 864 855 ppm  Ba 

93 79 98 115 377 ppm  La 

64 66 67 66 62 ppm  Ce 

7 9 12 16 10 ppm  Yb 

0 9 0 0 3 ppm  Sc 

29 28 39 35 20 ppm  V 

13 9 14 16 11 ppm  Pb 

2 2 28 3 20 ppm  Cu 

4 6 7 6 4 ppm  Co 

87 122 104 31 21 ppm  Zn 

22 19 21 20 14 ppm  Th 

21 17 21 18 23 ppm  Nd 

3 1 5 4 30 ppm  Sm 

3 1 0 2 2 ppm  Ta 

0 1 0 0 0 ppm  Eu 
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 *�(H ����� *�(H ����� *�(H ����� *�(H �����1 

Basalt Application 

CR-3 ER-3 BR-13 BR-18 CR-2 Sample name 

Value  Value  Value  Value  Value  Unit Compound 

36/50  48/54  51/62  97/56  76/50  %  SiO2 

88/14  36/15  24/12  13/14  08/12  %  Al2O3 

22/15  06/9  50/9  39/13  94/18  %  Fe2O3 

95/7  75/8  93/2  91/5  54/4  %  CaO 

99/3  68/1  81/1  65/1  96/5  %  MgO 

33/0  51/0  26/0  87/0  10/0  %  K2O 

91/2  35/6  43/4  02/4  76/0  %  Na2O 

43/0  02/0  91/0  08/0  39/0  %  MnO 

47/2  46/2  95/2  81/1  23/3  %  TiO2 

46/0  32/0  02/1  18/0  67/0  %  P2O5 

741 200 303 537 440 ppm Ba 

74 21 23 57 24 ppm  Ce 

41 37 43 99 9 ppm  Cr 

1 1 1 1 0 ppm  Cs 

3 1 7 1 3 ppm  Eu 

2 4 7 3 3 ppm  Hf 

19 14 24 34 21 ppm  La 

3 2 5 4 2 ppm  Nb 

32 31 71 25 73 ppm  Nd 

31 38 11 52 4 ppm  Ni 

10 12 10 11 10 ppm  Rb 

31 28 14 25 19 ppm  Sc 

5 5 13 7 5 ppm  Sm 

516 421 209 465 372 ppm  Sr 

1 1 1 1 1 ppm  Ta 

1 1 1 1 0 ppm  Tb 

27 23 57 31 36 ppm  Y 

1 1 1 2 1 ppm  Yb 

191 202 332 196 226 ppm  Zr 

        

        

Basalt Application 

DR-23 AR-2e BR-20 BR-16 Sample name 

Value  Value  Value  Value Unit Compound 

68/53  53/44  00/51  68/52  %  SiO2 

24/14  00/13  72/15  01/14  %  Al2O3 

87/17  88/17  22/16  50/13  %  Fe2O3 

43/2  78/8  10/3  27/9  %  CaO 

44/2  03/9  11/2  23/3  %  MgO 

07/0  23/0  15/0  49/0  %  K2O 

66/5  85/1  52/6  11/3  %  Na2O 

20/0  33/0  03/0  14/0  %  MnO 

84/1  75/2  81/2  27/2  %  TiO2 

59/0  63/0  23/0  29/0  %  P2O5 

210 314 380 444 ppm Ba 

36 31 30 47 ppm  Ce 

2 43 71 75 ppm  Cr 

1 1 1 1 ppm  Cs 

2 3 1 2 ppm  Eu 

5 2 2 3 ppm  Hf 

62 23 29 28 ppm  La 

16 5 0 3 ppm  Nb 

154 45 64 39 ppm  Nd 

1 59 87 53 ppm  Ni 

9 10 10 10 ppm  Rb 

11 31 14 34 ppm  Sc 

15 3 10 6 ppm  Sm 

223 338 290 345 ppm  Sr 

1 2 2 1 ppm  Ta 

1 2 1 1 ppm  Tb 

61 27 33 32 ppm  Y 

1 2 2 2 ppm  Yb 

504 189 177 220 ppm  Zr 
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 !�dd�3G�� !����W)� (dd�A0dd<�R<dd:� �� �4�8dd�� <03dd1 �� 
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)� ��0�3W )0v�!  d��� ) �d0�0��_�W (  P
(d<�

�(�(��.  �� �w8/ �����+��  �   C�d8\- 7dw  )u� �� � �NG�
ON?

���/)G� / � �/ ;0� � �(�& ��H����<�� �\����I !��  �
���u �	�/


)0	��?�)��3,U ����& ��H�/ ��(�� )  P@d�2c(.   !��>d�
)G��	

��Q�(3	 70��>?    )d9
� � �d0�0��_�G �/ P
(<� � ����),� )u� ��

/ ��� !��0��G ��� �(
� !)/� � C�� C��1(���. )/ �� �� �I

���+��   ;d0� �d>0�)? �	�/ � ��<����W PW�� �/ 70��>? ��Q�(3	 � 

 �dd� �( �d:��dd��. (dd�)+  �� $0dd�x+ !  ��Qdd�(3	 � ;����ddW

)0	���), �	�/ 70��>?!     �d�� �(d� P0@d:� ��9�� $
� �� ;0�

)P@�2.(d  �0��?& �$G)
� ��9�� $
� �� ��H�� �4)	 !��0��G

$ & �� ��" $
�0��� � )�0��
�	 (:�@0�(� P(��.  

  !��9�� �� ��:B:�&�    �d� �d>0��)=0� �3G �	�/ !��/ d/0 $

�����!  ���d/ ) P@d�3a (  �3d1� !�d�0��G � � d
$    P��d� ��9�d�

   �d��+� �� �dI)/ �� � $d�G�)0? ��NG�
ON?   $
�d0��� �d  �d�� .

  !�dd�3G�� !���� ��ddH�� !�dd �NG�
ON?W)� (dd�A0dd<�  ]� �

Syenite Application 

CR-14 CR-12 CR-13 Sample name 

Value  Value  Value Unit Compound 

98/61  76/64  1/62  %  SiO2 

24/18  79/17  27/16  %  Al2O3 

2/6  97/5  58/5  %  Fe2O3 

21/2  13/2  93/0  %  MgO 

59/3  12/2  36/2  %  CaO 

58/0  98/0  27/4  %  Na2O 

97/5  02/5  33/4  %  K2O 

11/0  12/0  14/0  %  MnO 

88/0  79/0  73/0  %  TiO2 

08/0  14/0  15/0  %  P2O5 

136 110 109 ppm Rb 

342 355 326 ppm  Sr 

77 76 71 ppm  Y 

278 282 264 ppm  Zr 

120 188 178 ppm  La 

219 268 230 ppm  Ce 

13 15 13 ppm  Sm 

12 12 10 ppm  Hf 

2 2 2 ppm  Eu 

53 52 48 ppm  V 

6 8 11 ppm  Cu 

7 7 6 ppm  Co 

105 115 119 ppm  Zn 

21 22 23 ppm  Ga 

6 6 6 ppm  Th 

176 356 251 ppm  Ba 

88 93 90 ppm  Nb 
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�3x3A���+� �� �I)/ �� � ���/ !���      �0d�3G � C�(d0?� (d��

 �dd� �(dd
� �NG�dd
ON? !�dd ��3/ �dd��� !���dd��(. �dd ��3/! 

w8/ �� � ���/ #��),� 7  � 7��� C��1 �/ 7  �NW�
ON?�  ��

�dd��+�  �dd     �dd� �( �dd:� �;0��(dd0?� !�dd �NG�
ON? ��dd�. 

��G�)0?��03G ��   �� ;d0� � �d �NG�
ON? $0/ !�w	 ��?0 #�d��) 

����$
�0��� !� (
� !�  �d� �(
� �(� �>0�9� (��d� . Ld3"� �� 

�
$ ��9��� �� �(0? C�(�/ $
�0��� 7��� !� ��3/ � (���/0)>: 

�0�9�(
� �/ )P@�3(b$0>��?)� ��   �(d� �d
;.� �
)3G � (d�� .

       � $Bd�� P��d� )>d:0/ ��9�d� $d
� �� ��dH�� �4)	 !��0��G

�0��?&(��.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

P@�P@�P@�P@�2a  (((( 9�� �� U
)0	��? �	�/��! ��:B:�&� (0��!  ��� ���\��XPL �b(  4�8d� PW���  <03d1 ��  �d �NW�
ON? ��!  ��9�d�!  ��d:B:�&� 

(0��!  ��� ���\��XPL �c( ��9�� �� U
)0	��?�)��3, �	�/! ��:B:�&� (0��!  ��� ���\��XPL �d(   ��9�d� �� )0	�d��), �	�/!  ��d:B:�&� 

(0��!  ��� ���\��XPL. 

 

  

  

  

  

  

  

  

  

  

نور   بازيك منطقه، يآتشفشان ياوليوين ايدنگسيته شده در سنگها )XPL ،bبازيك منطقه، نور  ياتشفشان يدر سنگها يفت ميكروليتبا )a  3شكل

XPL.  
y  
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  ���� ��  �d	�/ ;d0� !%�B� !�   Ld��"�  �i�d��), ) P@d� a4 (

 �NG�dd
ON? �;����ddG P��dd� ��ddH�� �3dd1� !�dd�0��G � ���dd/�  �

 ��Q�(3	70��>? ��� .$
� �� �/ !� ��3/ ���9��   ;����dG P=d�

/ � �
 �)B�� C��1�>��<��   ��)dG )? �� )9
� !� ��3/ $0/ !�w	

 �dd	�/ ��dd���� $0dd/�! �dd�� ����& ��ddH�/ �� . 7��dd� !�dd ��3/

 C�(�/ �NG�
ON?
�	� �� � (���/0)>:   �0d�3G ��0�
)� �/

 �0�0��_�G � �
;.��(�(�� .��Q�(3	� ! 70��>?   $d
� �� ��H��

�����+� �� �I)/ �� � �(� �;0�0��_�G ��9  !(d�� 7  !����  � 

;����G �/ !)0	���), d�( )  )0	�d��), �d	�/( ) P@d�4b .(  !�d�0��G

   *�d<0B�& � �d0��0/ ��0��?& �$G)
� P��� ��H�� �4)	  ��d��

�0��0/ �@
��\/       � �0d�3W �d/ �d���<0B�& � �(d� �;d0>
)3W �d 

�(� �
;.� �
)3W(��.  

   d��)/ X
�? )/0��!  
�)6d1�  
�0+0d��_O �� �d4�+.� � �d ! 

9��� "�� #��
� C�4�B����' �� ��, �)-3 9�� X��,�   md3>��

��9�� P���! ��:B:�&� (0��!��9�� �! ��:B:�&�  � U
��/

��9��! %�B�!  (d�/ ��� P/�-!  (�>d�  . ��9�d�!  ��d:B:�&� 

(0��! <0W)�� ��9�� ��0��
� � �0����
� �� �0��� (M ��! 

��:B:�&� 
��/<0W)� U�     >����d/ �
�(d�& �d� �d����/ (M ��� � �

%�B� K���! <0W)�� (���� �0�0� ;����W (M ��.  

  ���� X�
��� �/� !  Pd1�M  d��)/ ��0��!  ��d� >I��d��  �

��9�� ��
�0+0��_O!     ��d� C�dz�:� �d/ �d�\�� >I��d��  �

���, �
�0+0��_O� ! (0_�>0��), m3>��! d� ��   e�<�>d�� #��d�

��9�� �W �)W! �&��:B:� (0��! H�)I� ����� ! %�B�! � �

����� ! %�B�! (0��!  � (d0_�>0��), T�� �� ��\��!   Xd��,A 

 (�>� )�"�  �� #��/Na + K  �Zr   �� #��d/ )d0�	 �Al  �Ca �

 i�dd/ �<dd��! Fe/Fe + Mgdd����)	 �� �dd�>	�/! dd>0�)?� �

)0	���),!����)	 � �� $W)
� .(  �d ����+� �� �>d��� $
� ��!   �(dH

(��W � (0_�>0��), m3>�� T���� K]5[�? )/ �
 ��><d�� X!   )d1��4

31��    Xd��, �d��& X+  �W (� ���B>�� �E�0+W )1��4 �A   $d
�

� (0
�� �� ��9��� (��W) P@�5 .(  d{3{� ����d+� �� ���B>�� �/� 

Nb-Y-3Ga ��><d�� � �! Rb/Nb   Ld�M )dd/Y/Nb ]6[  �ddW

�)/! ��>0��), �� ��), )
� �� U0@B�!  X��,A `M�)� �(� �(��

��9�� �W (� ]�38�!  ��), )
� �� �8��\� ����A1  d� ��)-�-

,0 (�))P@�6 .(   ��9�d� �(d� ���d�� N<- �@���A!  ��d:B:�&� 

(0dd��! %�ddB� K��dd� �! (0dd��!� (dd0_�>0��), �dd/ �!  Xdd��,A 

��
� � �<�!   ��)d, )
� �� � �>���A1   d� ��)d-� (d�)0, .  )d
�

 ��),A1 �>��, ��9>��I�! � �>��� )�� �
 ��
� C�H�� �/ (����

���- �>��? 7W�!  (d��/ �(� ����& ( d`� ��8	0 �d�>!  �d+,���
 

�6B1 PI�� #����!  �d�>0��8	 �d/ e�<��� �� �
 � �!  ,(d�&i�/� 

���I)/��?� )09
�H!  d�� (d�W .  d� �nd��  �)d/ #��d�!  ��9�d�! 

��:B:�&� (0��! %�B� K��� �!    �d8��\� ���d� X�\�� #���+ 

�>��, ��9>��I�!  �� V��>� �� 7W C�H�� �/ �W �	), )v� ��

���- X>��?�!  d` � �>	�
 [
i&�    i�d/ � �d�>0��8	 ,(d�&� ?  �d�

)09
�H ���I)/! ��)W(��.  

  

  

  

  

  

  

  

  

  
        

P@�P@�P@�P@�4        a((((  ��� ��0�0� ;����W �� �i���), *��(  E�� �	�/XPL �b((((  ��� ��0�0� ;����W �� )0	���), �	�/XPL.  
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P@�P@�P@�P@�5 ���+� �08-��� ! ���� � �8��\� ����� !  #��+ �>�/��  )/X
�? ��><��! 31� )1��4�  E�0+W �]5[.)�� ��N4
 ��9�d� �(� � #�:� �)! 

��:B:�&� ��0(! %�B� ���� �(� � #�:� q3{� �!(.  

  

  

  

  

  

  

  

  

  

  

  
  
  

P@�P@�P@�P@�6  ��9�� U0@B�! ��:B:�&� (0��! ��� �K %�B�! �� �), )
� �/ ��\��! A1 � A2 ���+� �08-�� �� !  #& �� �8��\� ����]6[� )��
�) �d  

��9�� �(� � #�:�! ��:B:�&� ��0(! q3{� ��  %�B� ���� �(� � #�:�!(.  

  

   !��9�� �
�+,�� !)���:B:�&� ��� �K  !%�B� ����d+� �� 

TAS ]7[ ��03- �+0��
 )P@�a7 (3- �0��
   �d/ �<�� Y030d� 

]8[  � �(d� $008� $��@�& U��W  �d�) P@d�b7.(     �d/ �dH�� �d/

  ��d�),� K(d
(? b)>�,�  ��9�d� ��!  ��d:B:�&�    �d� � !��d/

��(M! ��9�� ��! ��:B:�&�  (0d��!   %�dB� K��d� �! �)d/ �! 

)� $008�!  dW)6>� �� )1��4 �� �
�+,���   )d0v�Ce �Yb �Ta 

 �Th ��� �(� ���B>�� .��9��! ��:B:�&� (0��!  ����+� ��

]9[ Ce/Yb-Ta/Yb @ & K)>�, ��� 3-0��
  d� ��)-� (d�)0,. 

���+� !� �>�/��  !��9�� �/ ��d:B:�&�  !��d/   ����d+� $d
� �� 

/0)>:  ��K)>�,  �>0������ ��)-�,0  (d�)) P@d�8( .  $
�)/�d�/

�� )d� �W �	), �.0>� #���!   ��9�d� �
�d+,��!  ��d:B:�&� 

   >0��d��� T�d� �� )>d:0/ !��/�     ��d�),� )du� �� �dW �d���  �

1��4 ^)6�31� )� ,h
�� �03- �+0��
 � #�:��( �. 

  �)/! ��,),� $008�0��!     (d0��� �� )u5d� Pd���4 � �
�+,��

� � �+,��0�@
;0	 V
�)� $008� ;'   ��  ��9>d��I #�@� �
�0+0�

� ����+�! ��<@�4�  �/ �(� ��.��/ORG  �MORB  ���B>��

��� �(� .  

  �
���X ����+�   E�d0+G )1��4 ��), ���<=�4 ��d.��/   �(d�

 �dd/ �<dd��ORG )�dd����0-� !�dd  �>dd:? !� (dd0_�>0��), ( ��

 !��9����:B:�&� (0��! ��+ ���� �/ #K  %�B�! (0��!   �d/

%�B� K��� ��)+ !�   !(d0_�>0��), !��9�� �/ e�/)� !� ����+�

 m3>�� !��\06� ����0$ >I�d�� ]10[�   �d� #�d:�   �dG (d �

 �8��\� ���� !��9������+ � ��), !�9�� �/ �/�I  !� (d0_�>0
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a b 

#��� �6B1!� )WPG ((���� )P@� 9(a, b.   )d1��4 #��/ i�/

LIL ���+� $
� �� �� �,(� ��� � � HREE ��/ (���� � P0��

�>��? [��   !��9�d� (d��� !�+,�� P0=:� �
 � !� ��d:B:�&� 

(0��! ��� �K  >d��? �� P1�M !��/�n� �� !%�B�X � d
)
$  �� �

!��/ !�+,�� ��)�>�� )u�� �
 � / �    dH�� � E�% 7dG f)d� Pd0��X 

�(H
[ >��, �� P1�M !�+,�� ��
�X i�/�
  (d��/ . ��d.� ��! 

 �<{�Nb  )9��:���9>��I  �>d��, ���+>M� ���d� !�   ��d
 !�d 

 � �(��(H
[ �>��, !�+,�� R
 ���� S0+4 !� $
� �G (��/

 �/ �,h
���.� ��!  �B��Y �� (0
�����.  

  

  

  

  

  

  

  
  

P@�P@�P@�P@�7        a(((( B� ����+�@0@� )�! �
�03-  �� �
�03- �+0�� ���+� �08-��� !  #& �� �8��\� ����]7) [��
�)�  ��9�� �(� � #�:�! ��0(!q3{� ��  

%�B� ����! g/)� ��  ��9��! ��/
U( �b((((  T�+.� ����+��
�03- ���+� �08-�� � Y030� P/��� ��� !   #& �� �d8��\� ����]8[. )�� d
�) �d    #�d:�

�9�� �(� ��! ��0(! q3{� ��  %�B� ���� �(� � #�:�!(.  

  

  

  

  

  

  

  

  

  

P@�P@�P@�P@�8   ����+�Ce/Yb  P/��� ��Ta/Yb ���+� �08-�� �� !  #& �� �8��\� ����]9[. )�� ��N4
��9�� �(� � #�:� �)! ��0(!  #�:� g/)� �

(� �K ��9��! ��/!(.  

  

  

  

  

  

  

  

  

  

  

P@�P@�P@�P@�    9     a  �b ��<@�4 ����+�� 1��4 L0W)� $09��0���9�� E�0+W )! ��:B:�&� (0��!  ��d� �K  %�dB�!   ��d�\�� ��d.��/    �d/ �(d�ORG ]10[ 

Skaergaard   �Mull �9��! � (0_�>0��),! #��� �6B1�! � #�:� ���(� �.  
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  ��)/� �09��0�� ����+�      E�d0+G )d1��4 Ld0G)� ���d<=�4

 !��9����:B:�&�  �/ �G !��/MORB ]17 [��.��/ �(� �(��

� #�:�� �(     )d1��4 �� �,(d� �d�" i�� �GLIL  �LREE  �

 �� �,(� ���HREE ��    � �d+,�� P0=d:� ��d
� S+4 �/ (����

 !i�/ �>0��,�	 � 7G E�% f)�CO2/H2O  (d��/ e�/)�.   ��d0��u

 �>d��, ��(,)
� )1��4 #��/ $0
�?!� )Ni  �Cr (   f)d� )9��d:�

H�� � 7G E�%X �(H
[     �>����d/ !�d+,�� ��d
� K)>d�,   ���d�

\� �/ �<�� �8��MORB  ���)P@�10.(  

 V06� $008� !�)/��0$>I���   �d8��\� ���d� !��9���  ��

!�dd ����+� ddB3>���   �dd�� �(dd� ���B>dd�� .  �� ���B>dd�� �dd/

� ����+�
 )/ �G ��?
X     md3>�� !�d�\06� �3d1� )1��4 d��0 $

>I���  ��
(@
)9 �(� R0=B�(�� ]11[���+� �   �d/ e�d/)� !� 

 !��9����:B:��� 0��(!  ��d� �K  !%�dB�  (0d��!  �� K)>d�, 

POG )��? �
�; �G (�� ��)-(�)0, ) P@d�11(.    )d/ $0d�x+ 

�?
 ����+� XRb-Nb+Y ]12[ ���+� �d !    ��9�d� �d/ e�d/)�! 

��:B:�&� (0��!  K)>�, ��?���I)/ ���  �d��+� � �d !   e�d/)�

%�B� K��� �/! (0��! �)>�, ��� ! WPG  ����I)/��?   ��)d-

�� (�)0,)P@�12 .(,(�W�)? P0���  �d��+�    $>	)d, ��)d- � �d 

ddI)/� �)>dd�, �� �dd��& ���dd !  )dd9
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4�+.�X �
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� �0�0�� ! � � ����0�: ( ���d� �d ! 	�� d0	���)>��� � U d0 U
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2'   �d/ �dH�� �/  �d�)�  >0��d����  �d+,��!   ��9�d� (d���! 
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� �$0�
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)09
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