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�.(&A ��W�.&	 ��
�#.] �Sf �,.�� �) u��(/� �/3] .b�� -

�� Q �+< ,� �E
�(
�O<�,(2 # �
�(
� 8�0.0� .O<�,(?f ���?2
 �#.???]�t����???�(/� �???/3] .???b�� # �???
�(
� 8�???0

 �?� Q��?� ,� �E
�(
�O<�,(2 �(?� ."!,.?�, `?�(E�8�?��= t/�

�& � ��, $E� .) O<�,(f 8�0�(&) X�(?b �?) # �Q�?� �?) $E+
 0(V�, �) �
 # �$;�����,� !, �08���?f � ?) 8��	 �O
� $?9 ,� �?0

"�$f.�, .M�� �� ��?�(/' �?0�(&) �?
, �8$ 	�(?9 �?	�) �?) �
�0
".�!��8�� �! 8M�� .?�, .��?
$2(�	 �0�?% �?�# �?) �
�?0
"!,.�,8$�2,.] �� $?E/ & � ? �?� ".?
� �?��= �� O�?2 .�(?�

 �?� -�+?� O? � ,� �3 &F ��,(] .?�0�)QP?� v.(�%��(?F
  �! ��� �) �/%�� -.�= j�) �h O<�,(2 �� �,� �$?  �< �) -,(<

 O<�,(2 I EP<#, ���]�&A ��W�.&	  ��
�V�?� ��+?	 $?  �< �) 
�,� .) �0�?% # .�E�?0 �C(?� �?�(��F 8,�,� �?0O<�,(2 $E+

 ���2 X�A#, �� -(?
!(&P�, X�(?b �?) �
(P?�(� # � <( ) 8�0
 � ���=
� ".�.�(� .���f ���2 �.2 # .�&V��(0 �� <( ) 8�0 8�0

 M�� "$ < � 8�0 �?� Q��� ,� �E
�(
�O<�,(2 # �E
�(
 # .�(?�
 �#.] �����s���(/� �/3] .b�� �?� Q �+?< ,� �0 .?�0� .

-,#,$	 � <( ) ���f # �?�, "$ < ���f �
$<���?/3] .?b�� 
��(/� �� Q �+< ,� �0.0� .�/ � # �,� Q�� X�(b �) ���f �
,

 �?�, �,� Q��."!,.?�,8�?��= �/��s/��?& � �?�, $?E� .��
!, 8�,.^< �?� ".0�+� -.� �.2 ".
.9 ���= �(?� .�? <( ) �?0

 "(�A !, .
.� �*�� .�{ 8,�,� Sf 8, $9 �< M�� o� # M?�� 8�?0
�z,#.�, .�? <( ) \(?� #� �9(P?�#$P � Hh�?�� �� � ?�_/0

 � ".0�+��� <( ) Q��� �2 .�(� � <( ) # �
�/%�� 8�0 8�?0
�
(��Y .�,)QP�w.(� <( ) �
�/%�� 8�0 ��
$2(�	 X�(b �) -

QP� �T��2 8�0 "(�A ���= M�� # .�E�0 o� 8,�,�# �,� "$? < 8,
 � 0 # ��,"���2�� ,� ����$%� ��(% ".0�+?� �?��= Q?F,� # �0

�/�S �2 .� <( ) Hh��� !, ��^) �� �EV�, �?/2 �
�?/%�� 8�0
 ".� ����$%� n(�E�� .�,)� <( ) �)��$% 8�0 ("���2 �� �2-

�
$&2 �) �0 ".?� Q
.?V< �? E�*� # !(?<�, �) O2$� �� ## .?�,
 "(�A ���= M�� ��, "$ < �) Q
�� ��#� 8, .�? <( ) c#� "#$%-

QP?� -#.) �2 .�E�0 �
(��Y 8�0 "!,.?�, # .?�,8I?{(2 �?��= 
��, .� <( ) �
, # .�&V��(0 � +��C �+�) �
 Q��2 �(h �) �0

 �? <( ) �
 �?� �
�?/%�� 8�?0 (?�A �?��= M?�� # .�(?�"��?
,
)QP�w.(# �?�, "$? < ���?f � ?�#� .�&V��(0 ���f�.?b�� 

��(/� �/3] .0� �� Q �+< ,� �0 .Q�?� �?/ � ���f �
, # �,�
 ��, Q�� 8!(� �z$' H��� �� ."!,.�,8�0�(&) v�s/��& � -

��, � ^z �*�� .�{ 8,�,� # $E� .".?
.9 8,�,� �0�(&) �
,8
�.2 < # .�E�0 Of$� # � ��] �� -.� �
$&f �) ���= !, 8�,.^

 ".� Q
.V< X#. 9, #��(/� !, ��^) �� # .�, �) Q��2 �(h �) �0 
�# �&8� E�*� # � <( ) ".� � +��C -= !, �V��A `�	 # .�,
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-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uuv

".��� 8�C $) ��,)QP�r.(���f !, 8$?*
� "#$?% �.?2 8�?0
���2 "$ < 8�0 !, $?E/f �?f .?�,t�?�(/� �?/3] .?b�� ,� �?0

 �� Q �+< ) # .�0� �) X�(b �) $E+ ��(/� ���/< �� Q���?0
 "!,.�, # �E�,��(�]8!, ���= �/���/��< $E� �& �  ?� $? �-

.�2 .���f ���?2 ���?�$%� !, Q?b�] �?
(��Y 8�0 # �&?b, 8�?0
 �� ".
� M�� �E� �� �2 �'$	 !, .�<��V' �.�(� :# � �?
$�

 S ��E9 ��W�.&	 0!T2(
UT9 .
.� �
O3< !, Qb�] ���2 �� 8�?0
 S ?��E9 �?
O3< !, Qb�] ��� # �?
$&2 ��?� �! 8�0��W?�.&	

� <( ) � <( ) �
O3< !, Qb�] � �
$� # �
(��Y 8�0 � �#, 8�0

 .�&V��(0 #.���2 !, �� �'$	 8�0 c�?� ,� �2$?
! # � <�9= -,(<
 �??/0 # .??��,��(F$) �??@OC �� �??) .??b�� !, �??2 �$??)8�??��= 

.�&P��(F .) � <�9= $E+0-� � X�(b �) ��? <( ) �� ��) # �?0
 .?��,� �(�] �0.�&V��(0 �� �/2 .�?� �!8M�?� ��(?� 8�?0

��$)�) S ��E9 �!T2(
UT9 �� �
$� �O<�,(2 !, $E+ # ��W�.&	
 �?�, ".?� Q P+< � <( ) $E/2 �,.�� .M�?� S?�� �?	�) �?0

 � # 8$ 	�(9
��,�O8��, -��/0�� .�	�) �?	�) $ R� $*
� 8�0
Ta�, �� �C(?� �?�(��F # �?0!Tf(
UT9 -#�� # � ��] �� ��

�� ".0�+� O � �0O<�,(f.�(� .

$8$2
 >��#5شكل(�	 !, 
���08UT9 
!T2((Pl)�E�),#"�(< �) 8D(;� 8� 	�(9 7#. $8Q2�� 7�08&9�E�� E����� # I.?�)8�?�(� ��
-= ��� �0
".��# �(�O �Y��< �a<  ��$%� $���#.] �< 8$�
� E�$&2 #
E�".� .�,��(� XPL..

�)2$6شكل	 
���08�,(] �) O<�,(2 ��Ta�, �&F # 3���(� XPL.

(7شكل \,(�,  <( ��08,$% "�(< �� �(C(� 
@(E .8� 	�(9 7#. $8)�(� ��,� �/� QP�XPL QP� #�(� i{ �/�PPL(.
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uuw

$2
��8شكل(�	 .�&V��(0 (Hb)"�(< �� �(C(� �2 # �
$&2 �) �2 8$ 	�(9 7#. � 8D(;� 8����, ".� Q
.V< I9�, 8�0.

8,�,� N&4, �9(P�#$P � Hh��� �� O � �0 �
�(
�(�,$%
 �� ��Ta�, 8�0 �	�) "�% # "�() 8, ��,� # 8$ 	�(9 �	�)


UT9 � ��] -�+� O � �0O<�,(f �� �C(� ��(��F # �0!Tf(
��.�0� .���2-= 8�0 O<�,(2 ,� �0)ss�<t�.b�� (X�(b �)

 !T2(
UT9 ���
� �(F �/ � # QP� �))u��<��.b�� (�)
!T2(* �, N 2$<�Q2�� �����(� # 8��' 8.�) ����� ��
!.�= 

E+��/0.�{�# QP� �(F �/ � # QP� �(F X�(b �) #
&A ��W�.&	 ��
)�#.]���<�w.b�� (!(<�, \(� !, $E+ )
�� Q P+<.0� .�) X�(b �) !(<�, 8�0�(&)�/ � # Q��Q��

�� ".
� ���= !, 8�,.^< ��� �� �(�=��V4 ���] # "�() �,�
�(� .���2"$ < 8�085(V ;�= !, .�<��V' O � �0 M�� �
, 

)�#.]w.b�� (� <( ))�#.]��.b�� (�� <�9= � �_/0 #
�'$	 8�0 ���2 -,(�' �) �2$
! # �;�, .

 ژئوشيمي

 ژئوشيمي عناصر اصلي

�%Z
# 6�) �
, �� �?��/% �
� / ?�(@U 8�?0 ?9 8�?0�(?C�

"��/??�q��GG �LL#L|"�(??< �??) �E�??),# 88.?? @(E �,$% 

?��$) ��(?� 8$ 	�(?9 7#. ��.?�E	$% �,$?A .�� �?2 �?3�= !,
 !, 8�� �)��$)��08:� $
�FD "Z
# �) �0�����2 �
� / �(@U 

� /0, O@�] ����$%� 8�0$E& 	 # -��$%� 8$ 	�(9 �� ,�?� �.�,
 ,$?) �?< �?�, ".� �^� 6�) �
,8���?�$%� -,O? � � ? ^< 

��(/� "�(?< �?) �E�),# 8�088$ 	�(?9 8.? @(E �,$% 7#.? � 
??��$) $??) "#T??'��??08�E	$??% $??R� �� # �9(�??�#$� �LOI 

��(/��08�0�,�(/� !, �]��m[)Q��m(�(?� "��;E?�, .�?
, ��
 �F�� !, "��;E�, �) �0�,�(/� # ���?�$%� �8.?� ��?��E9 8�0

 �F�?� O �ACNK)Q�?� m(�?) �V�?� �SiO2�?� -,(?<

����$%� ���?�$%� !, ,� ���E9 # 8.� 8�0 �?�(/� �?
 �?0 8�?0
�
�$?f �? �;< S0 !, -��$%��� $* .�?0�,�(/� �?
, �� �?P���{

 �� ".0�+� ) ��(� ��(/� $E+ "�(?< �?) �E�?),# 8�087#.? � 
"$E�% �� 8$ 	�(9�08-��$%� �
 -��$%��� �08�
O?C �?) $*

".� HA,# ���E9 ����$%�.�,.
"�,� >
�?E� �) �C(< �) .?b�� �
� / ?�(@U 8�?0 SiO2��

M�� ����� 8�08��$) ��(� �� ) �t�?<vr$? �E� .?b�� 
��, �,�(/� �� #R1�) �V��R2]�k[��(/� "$E�?% �� �?08

�� �,$A � �#O�(�O<�,(f # � ���(< ��
�(
�(�,$% �� �,$% .�$ %
)QP��k.(

]��["$�) �) .�#� c(�;� !, 8$ %Fenner 6
,.C 5(h �� 
8�?0$E�,��9 # 8�(&)FeOt/(FeOt + MgO) #SiO2�,�(?/� 

�P0= # �E d�(< 8$� I P;< 8,$) ,� 8.
.C�
� &A ����+ 9 �
"�$2 8$� -= �� �2 .�, 8�?���� �?) N? <$< �?) ,� ".?� ��
 8�0

Ferroan #Magnesian "�$2 ����+ 9 .�, .QP?� �� �?P���{
����� ".
� ��, ��(/� $E+ ) ��(� �?) �E�),# 8. @(E �,$% 8�0

 "$E�% �� 7#. � :� �����2 � �,$% 8�P0= �
 �
O �� 8�0�
�� �,$A �
� &A.�$ % .$V��� N
$?z !, "��;E?�, �) � �_/0 -�%�

�?? &A ".??� �T??b,�I??0= )�F�??�Malli ( !, ��??<��V' �??2
Na2O+K2O-CaO �F�� �,�(/� �Malli �) �V�� SiO2,� 

"�$2 S�� .�,)QP���B.(�?�(/� ���?��2 8.? @(E �,$% 8�?0
 \(?/3� �E?�,� �?) 7#. � :�Na2O + K2O� ?) �/L�?< 

q�/m.b�� -,O � # ��!# CaO  ) �q1/��<��/G.b�� ��!# 
"$E�?% �� �,�(/� -= �� 8�?0 �
�? &A I �?&2 #�
�? &A �,$?A 

�E	$%.�, .-,O � 6
,O	, �) �,�(/� �
, ��SiO2�F�?� Malli 
�E	�
 6
,O	, �@OC �(h �) O ���, .
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-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uur

Potassic Altered

Fresh or other 
Alteration 

���� �/)��9شكل$%� �  ^< 8�0 �E�),#8. @(E �,$% "�(< �)!, "��;E�, �) 8$ 	�(9 7#. � 8�0�,�(/�]m��[.

�M �/)�,�10 شكل� 8�,�*��� 8�08.d
(E �,$% 7#. � :� �����2 -�)O �]�k[.

1- Ultramafic rock 
2- Melteigite 
3- Theralite 
4- Alkali gabbro 
5- Gabbro 
6- Gabbro norite 
7- Ijolite 
8- Essexite 
9- Syenogabbro 
10- Monzogabbro 
11- Gabbrodiorite 
12- Syenodiorite 
13- Monzonite 
14- Monzodiorite 
15- Diorite 
16- Nepheline syenite 
17- Syenite 
18- Quartzsyenite 
19- Quartzmonzonite 
20- Alkaligranite 
21- Granite 
22- Granodiorite 
23- Tonalite  
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uu�

,�(/� (K2O��,�(/� FeOt/(FeOt + MgO)�V�� �)SiO2]��[B� �X,$  �<,��11شكل + Na2O - CaO)�V�� �?)SiO2,$?) 8� ? ^< 
Malli ]��[.

�,�(/� ]�1[%Z
# ��08-�+� ,� c( � �(�= !, \�V�, �F�� 
�� .0� QP� �� �2�1��, ".� "��#= .�,�(/� �
, �� �P���{
�
�� ". ��(/� ��(�8�0��$) ��(� �"$E�% �� 8�?< � �(�=�E� 

�� �,$A � �(�=$9.�$ % .���2 �(�] �) �C(< �) �&?b, "$ < 8�0
 M�� �� � <( ) # .�&V��(0 ���2 �(�] c.' # ����� 8�0 8�0

 !, ��4Al�M�?� �
, �� !�9(< # c#.�#$2 ��
$
�$2 .���� # �?0
 c(?V�#$) �(?V/2 �
 �(V� �) �C(< �) O � �?08�E?�(9 ��?��= �� 8,

 (�=$9 � 0�� �/� ,� ���= p(� � �� S�?0 8�0.?�
=$	 �?) -,(?<
6�) �E?�(9 �
j�?) # ���? � 8�?08"��?A ��?�,� �E�?),# 8, .

�%Z
# �
,$)��) 8�0
-�+� ".� ��".�0�8p(� �(�=�E� � 0�� 
M�� ��$) ��(� 8�0��?� ,� ���= p(� �(�=$9 � 0�� # ��, -

� ]�� �� B= -,O � �) -,(<8B#D ]�q[�,� �V�� .�)�<��?V' 
Q P+?< 8�?/%�� "�*E?��F Q?a� �� B= 8��?
! �,.?�� �(C#

".�0�8"�(< 88�,.
�9 60�2 �8$ 	�(9 7#. � 8. @(E �,$% 
��,� 5�???V�� �???) ,� -= B#D �???3 E� �� # !T2(???
UT9 .B#D

 O?? � # c(?? � �(�= 8��??
! $
��??�� �#�# �??'�) �??0!T2(
UT9
 "!,.% -#�� �) S )#�(
 # S ��,$E�,8�
��� �?2 .� .0,(F ��

�9
M�?� �� p(� �(�=$9 8�/%�� . �(< �) $3�� .�
=$	 �
, �-�
 ��$) ��(� ����� 8�0���3��)�� O � #8".?� c( )#�(
 �V�� 

��, .
�! ` a� �  ^< �(R�� �) �EF���7#.? � 8D(?;� "�(< 

$?b��' # �&?b, 8�0. �2, p��,$) �2 �
�0�,�(/� !, 8$ 	�(9
".� S �$< �'$	 �.�,��, ".� "��;E�, .�,�(?/� �� Rb �V�?�

 �)Y + NbM�� �"�(?< -,(?�' �?) 8.? @(E �,$% 8�08.?�(� 
7#. � :� �����2)8$ 	�(9 7#. � (�?�#� �)��? ^A(� �� 

-�/2 �� ��(F$) !, :9 �E	$% �,$A ���+;+<= 8�0 �?
, �?2 .�,
-�+�".�0�8-= 8$ % QP��9 !, :9 �0 ?
 ��?�, 6�,�#$?	 -�

 �
,$)��)��-= -,(< "�(< \(� !, ,� �0 6�,�#$	 !, :9 8D(;� 8�0
 "�(< �� ��$2 �,./&A 5�^	 !(�0 6�,�#$	 �P ���! �� 8D(;� 8�0

 .���) �E	$% QP� ��,) .QP��q��,.("�(< 8. @(E �,$% 8�0
 �� �,$A "$E�% �
, �� �2 � �,$% �%Z
# �.�$ % �?) �E�),# 8�0

� ��]�08"��A -�+� ,� 5�^	 8, �� # �? <( ) 8,�� �?2 .?�0�
� �,$% !, # "�() .�&V��(0 \(� 8�0I�� .���)]�G.[

8�0�,�(/� !,R1 �V�� �?)R2]�L[,$?) O? � 8�?���� �

�! � ^A(� �EF�����(/� �2 .� "��;E�, 7#. � ��.^� 8�0

 "�,� S �$< �) ��(/� ��E�),# 8�0 "�(?< �*�?� 8�?087#.? � 
) 8$ 	�(9  ^A(� �� $E+ �9 !, :?9 �E ?
 �� �?�^
 6�,�#$?	 -�

 �%.�= j�) �) �2 �
,O0(2 �
��� Q],$� # ��(F$) !, :9 �&]$�
 ".� HA,# ���, "�() ",$/0.�, )QP��qB.(�! � 0�� �
, �-

EF���M�� ����� 8�0 -�+� �".�0�8Q],$� �� ���= Q P+< 
� �#�, �
�/%�� -�/2 Q��P< �
����$EF�)>0� �,(��� @#���� (

.�E�0 .�,�(?/� �
, � �_/0 �?� -�+?� �?�(/� �?2 .?0� 8�?0
 7#. � 8. @(E �,$% "$E�?% �� �E	$?% �,$?A �?) 8$ 	�(9 8�?0

P0=��&A ��
� �E �#O�(� # S ��E9 !, ��4  �/&A ��
�? 0�� �
� �/&A ��
.��,� .

Magnesian 

Ferroan 

)ب)الف
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�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� u��

8�0�."�2 �+�-]�1[ �/)�,�12شكل��(/� � ^A(� ��(� 8�0��$)���"$E�%8� �(�=$9 �< � �(�=�E� ��,.

��EF�  �,�(/�  ^< 8�0� �a ` !�13شكل�M�� ����� 8�08��, �(�,�(/� Y + Nb �V�� �)Rb ]�G[B �(�,�(?/�R1 - R2 ]�L[,$?) 8
�! � ^A(� �  ^< �EF���7#.? � :?� �����2 ."$E�?% "��/?� 8�?0 "#$?% !, .?�<��V' ".?� 8�,�?% 8�?0 :����E d�(?< 1�?P0= ��&A? ��
#

��E /C.�#$<q�P0= ��&A ��
�S ��E9 !, ��4 G�� �E �#O�(�  �/&A ��
�L�&A ��
���P�=$9 #.

,.?C �(R�� �)
�? �,$% 6\(?� 8�?0I!, A�?�(/� ��� �?0
 �,�(/�SiO2�) �V�� Zr #SiO2�V�?� �?)Zn ̀ ?�(< �?2 

]�|[S�� ���, ".� ����+ 9".� .�,)P�Q�G(��(/� �2 8�0
��$) ��(��"$E�% �� 8� �,$% \(� 8�0I� �,$A �% .�$ .

�,.??�� �??
, $??) "#T??'SiO2�V�??� �A/CNK �V�??� �
K2O/Na2O-,O � �Ni #Cr ���?2 �(�] O � #I? 	�� 8�?0

 -��/0 �	�) �� <( ) # .�&V��(0 � �?	�) # �?�,�O
� �?< ��,� -�
 # �E <�/*9 �	�) -�(V� �8$ 	�(9 c(V�#$) �(C# c.' �
��� �� -

�08�E�(9 "�*E��F �) 8"��?A M�?� �� 8, 8.? @(E �,$% 8�?0
 -�+� �7#. � :� �����2 ".?�0�8*E�?),# �M�?� 8�?0 ?
 ��

� �,$% �) ".� \(� 8�0I.�E�0 .

و عناصر فرعي ميدوك پورفيري  ژئوشيمي عناصر نادر خاكي
�) �'$	 $b��' # �2�F ���� $b��' !, "��;E�, �?
, �?P�
, Q ��

 �)�?�$% # ���?�$%� 8�0.?�
=$	 # .�E�?0 �2�?� ��V��4 $b��'
 ,$?) .��,� $b��' �
, 8#� ,� $ Y�< �
$E/28?��$) �*�(?*{ �

�! �EF���� # ��*�� ? # �F��?� O
?%Z��?08�
� / ?�(@U 
��,� � /0, �� �) �/%�� .�2�?F ���?� $?b��' �%.�2,$9 8(*�,

��(/� "�(< 8�087#.? � 8D(;� "�,� p�?�,$) 8$ 	�(?9 8�?0
�
�.�2 ]��[�?�, ".� S �$< )QP?��L.(�,�(?/� �?
, ��

 $?b��' �/� �) IV� �2�F ���� $b��' �/� !, �,�(/� N �
 �� S2 �� *�� �2�F �����(� ."�(?< �,�(?/� �� �<��?V' �?)8

I
 8$ 	�(9 7#. � �� ��
! �%.� ��4 LREE �?�4 I?
 #

)الف(
)ب(
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .u��

1

10

100

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Rock/Chondrites REEs-Sun and McD 89

�� 7.�, �%.�HREE �� ".
� (��.�� �?C(< Q?)�A X�P� !,
 ��3��)�� -�(V� ��,�(/� �
,8�;�� Eu ��(/� �� 7#.? � 8�?0

 ��, 8$ 	�(9 .c�?/< �� �2�?F ���?� $?b��' �%.?�2,$9 8(*�,
��(/� 8(?*�, I?
 �7#. � 8$ 	�(9 :� �����2 �) �E�),# 8�0

 �%.?�2,$9 �?&2 N ?� �(�?�) # �?�, S2 N � �) ".�2,$9
 �) � *�� �2�F ���� $b��' ��, ��b ��V
$�< # S2 ��  .�?�4-

$??b��' !, �%.??�LREE �??) �V�??� HREE �??
, �*E�??),# 
M�� 8$� �) ,� �0P0= 8�0��&A ��
�� -�+� .0� .�?) �C(< �)

 ��(/� �) �E�),# .�#� -�() 8!,(� �� ����� 8. @(E �,$% 8�0-
�) -,(<S0�$) �9 ���= -�() "�*E��F.

QP� ���|b��' �
� / �(@U ��E	� �E�?),# �&b, # �'$	 $
8�0���??��2 �??) �7#.?? � :??� ���??��2 �??)Chimboraza #

Zaldivar �& � �(+2 �� ]��[��, ".� ��
��� ."�,� 8�?0
 ".�= ��� �) �
� / �(@U �E?�(% �?) �V�?� 8��?3��) �? �#, 

".� .�,]��[.�E�?),# �&b, # �'$	 $b��' ��E	� �,�(/� �
, ��

/C !, �7#. � :� �����2 �)��4 �& $?b��' �%.?�Rb, Ba, 
Th, K  #Ce$b��' �) �V�� P, Zr, Eu, Y #Lu ��3��)�� 8

�;��Ti #Nb ��?3��)�� -�(?V� O? � #8�� �?;�� Eu T��?2 
�?�, �& ?� �(+?2 �� �a) ��(� 8�0�����2 �) �)�+� .�)�+?<

 M�?� �� $?b��' �?
, 8(*�, :?� ���?��2 8.? @(E �,$% 8�?0
 -�+� J(	 gh��� �) 7#. � �� 8$ 	�(?9 :?� �����2 �2 .0�

 8�0���??��2 .??���� Chimboraza, Zaldivar, Scandida 
,�,� ��& �8�%Z
# ".� Q P+< 8$ 	�(9 :� 8�0�����2 8�0

��,$2 ���08"��A 5�^	 ��, 8, .
# �) �C(< �)
%Z��08�E	$?% $?R� �� �) O � # �
� / �(@U 

"�(??< ���??P� # ���??�! �?? ^A(�88.?? @(E �,$% :??� ���??��2 
�� $R� �) 7#. � ?�! ` ?a� I?
 �� "�(?< �?
, �2 .�� �-

EF����?�,$2 �?) �E�?),# # ��(F$) !, :9 �?08"��?A 5�?^	 8,
��, ".� Q P+< .

0�. Zr-SiO2#Zn-SiO2�� -�+� ��(/� �2 �/)�,�148�0شكل������ 8�08��(� ���$) �� "$E�%8� �,$% 8�0 \(� I�E	$% �,$A.�,.

����� $b� �2�F >)�"15شكل' �<(VP�' �,�(/� 87#. � 8D(;� p��, $) ".� ��3�0 8$ 	�(9 "�,�8�0 ]��.[
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-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� u�s

8 ���
��16شكل�&b, # �'$	 $b��' ��E	� �E�),#"�(< �) �?��2 8D(?;� 8�0 8$ 	�(?9 :?� 8�0���?��2 �� �?
,! Zaldivar #Chimborazo 
 � �&]��[7#. � 8. @(E �,$% "�(< �� $b��' �
, ��E	� �) 8$ 	�(9�"�,� p��, $) ".� ��3�0 8�0]�m[.

 گرانيتوئيدي ميزبـان كانـسار مـسيخاستگاه احتمالي توده
 ميدوك
??��$)��??%Z
# ??�! # �
� / ??�(@U 8�??0 �EF�??��"�(??< 8

�� "�(??< �??
, �??2 �,� -�+??� 8$ 	�(??9 7#.?? � 8.?? @(E �,$%
^A(� �9 !, :9 �E 
�&]$� �� ��^
 6�,�#$	 -�8# ��(F$) ��9 

��?�, "�(?) ",$?/0 �%.?�= j�?) �?) �2 �
,O0(2 �
��� Q],$�
 �?�, ".?� Q P+< ."�(?< �?
, �<��?V' �?) # Q P+?< ���?�!

 �E�(9 6�,�#$	 �2 ��, ".� �
O*
�C8: E<(?d� �?�(�� A, 
�9 �� ��() ".� !�4= ���<$2 -��! !, �2
-U(d��9 -��!�4= -U(?d� 

S?
U� # ". ?�� -�?
�9 �?) -,$
, # �)$' X�a;b � ) ��(F$) �)
�! �EF�?��-,$?
, $?�,$� $?) �
,O0(?2 `
,$?� # ����+?	 

��, ".� ��$;/P] .� # j�) N���� �) �C(< �) � 
�?9 $
��?�� O
ppm��Y<,.??C �
��EV�??� 6�2�??F ���??� $??b��' 8j�??) 

1kLa/Yb≥��3��)�� -�(V� #8�� ����(�= �?;Eu �?�(/� �� -
"�(< �) �E�),# 8�08�?� 8$ 	�(9 7#. � 8. @(E �,$% -,(?<

 � �� a� !, "�(< �
, ���� 8�/%�� �2 �;% ?
 �?�, �?E	$% �+
 �?) 5(?V ;�= �?�# �?�, �E?�,.� �(�] !T2(
UT9 �3�= �� �2

 B#D !, Qb�] .��/�9 �� �&b, ���2 -,(�' �&?b, 6�� �+�)
 ��, "�$2 �;
, ,� .9 8�,.
�9�� �?h ���= -.� B#D # �0!T2(
UT

 B#D .�
=$	 6
,O	, �'�) ��+�)Sr #Eu �
, ���� 8�/%�� �� 
M�� ��3��)�� -�(V� �3 E� �� # "�(< -= 8�08#� �?
, �?;�� 

M�� �
, �) �E�),# �<(VP�' 8�0�,�(/� �� $��'��, ".� �0 .
"�(< Q P+< "�*E��F $R� !,8:� �����2 -�)O � 8. @(E �,$% 

 � �%Z
# �7#. � 
�9 $
���� .���� "�(< �
, �
� / �(@U 8�0 $<
 S
O �� �.')Gm�q�=#Mg(Qb�] 8�0�/%�� �) ��
��� �� �

�E�(9 B#D !, ".�8#�#$	 ��(�� A, )�1�L�Mg# = ( �,$A #
��(/� �E	$% M�� �
, 8�0 ?�! �? ^A(� �� �0 �EF�?����?9 

-,O?? � O?? � # ��(??F$)Sr>400 ppm �Sr/Y>40 ppm #
��
���8# �
, 
%Z�"�(< �) �0 "(2 \(� 8D(;� 8�0 �?� �?) >�9

 ��� � ��( ��"�� ��/+?{$� Q?�� �
j�) -(?{(� # �,!]�m[�
�� , �) -,(<
�� �3 E� � "�(?< �?2 .87#.? � 8.? @(E �,$% 

�/� 8$ 	�(9�E��,(< �E�(9 B#D !, ��, 8".?�#�#$	 ��(�� A, 
.��) ".� Qb�] .) �
,$)��) B#D �?) J(?	 8�0���?��2 .?���� �

6�) �E�(9 �
$
! 8�08"��A .?��) �E�?),# ".?� S �?z 8, .
8j�) �V��La/Yb M�� �
, �� �� O � ,� �0 �?��F� �?) -,(<

 �?���% ��
! ��EV�� $
���� �) �E �(V ;�= "�*E��F I
)$�2,.?]
�<1L�qk.b�� (�2 ���,� �E�),# ���= Q P+< �� �?%Z
# �?)-

M�� 8�00��3�, �?E 2,�= 8� ?  6?�) B#D !, ". �
$?
! 8�?0
�E�(98"��A ,�,� 8,8I?
 �� # "�*E��F �� ����% # 5(V ;�= 
` a��! �EF����,(�/0 ����+	 # 8��(F$) ���,� ]11[.

 برداشت

!, ".?�= �?�� �?) X�?'Th, p��, $) ?��$)��?08��
,$a?b 
M�??����??2 ��EF��??� "�(??< 8#� �
� / ??�(@U # �EF��??�8

%�� �8$ 	�(9 7#. � 8. @(E �,$, �) -,(<
�� �3 E� � �2 .:
�����+??;+<= .??�)$/2 �� 7#.?? � :??� ���??��2��P �(??<(&9

� �#�,�$EF� )>0��,(��� @#���� (��,� �,$A .�� 8!�?� �����2
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .u�t

"�(?< �?) �E�?),# �����2 �
,8�?��,� �?) 8D(?;� 8!, �?V 2$< 
�?� �?) �
�(
� # �
�(
�O<�,(2 ��
�(
�(�,$% ���? � �?�( � 

"�(< �
, �2 ���,���V��87!,� �?	�V/0 �) �E�),# ���+;+<= 
�$2 H�A ,� ��(@, �� �)��, ".

s��%Z
# $R� !,M�� 8�0"�(< ��9(P�#$P � �����8�?/ � 
7#.?? � :??� ���??��2 -�??)O � g?? /')8$ 	�(??9 7#.?? � (!,

�??�, ".??� Q P+??< �??
�(
�(�,$% # �??
�(
� ��??
�(
�O<�,(2 .
���28�0 Q P+< ".�0�8�!T2(?
UT9 !, .�<��V' �'(/3� �
, -

O<�,(2 # S ��E9 ��W�.&	 .���?2 O? � .?�&V��(0 # �? <( ) 8�?0
"$ <8�� Q��� ,� "�(< �
, .�(� .�?) ",$?/0 �-.?� �E �
$�

�_%� � <( ) ��� & � 8�0 \(?� !, ���E9 ����$%� ��
(��Y 8�0
 �?2 -.?� �E �&2 # -.� �E
$&2 �-.� 8!(<�, ���?�$%� !, 

���2 ��E9 ��W�.&	 �!T2(
UT9 8�0 ���2 # SQ?b�] "$? < 8�?0
 ���2 �.�, ".� �� Q P+< ,� �'(/3� �
, �
(��Y ����� .?�0� .

�?� �9(P�#$P � Hh��� �� � �_/0 ,� �? <( ) \(?� #� -,(?<
 � <( ) Q��� � <( ) # �
�/%�� 8�0 �$?2 ".0�+?� �
(��Y 8�0 .

&b, �	�)�M�� �
, 9 �0��, ��,� -��/0�� # 8$ 	�(.
q�M�??� �??
,�??%Z
# $??R� !, �??0 �?? 0�� ��
� / ??�(@U 8�??0

 &A I �&2 # I �&2 ��
�?� -�+� ,� .?�0� .�?�4 , -.?� ?
 �
M�� $b��' !, �0 LILE $?b��' !, �?��= -.?� $? �	 #HFSE 

"�(< -�() �E�),#8� ?��] �?) ,� 7#. � :� 8. @(E �,$% 8
"��A�� -�+� 5�^	 8,.0�.

G���! ` a� �  ^< 8�0�,�(/ �EF����?� -�+?� �?2 .?0�
 �� ��^
 6�,�#$	 c�/<, !, :9 �E ^A(� �� 7#. � :� �����2

�&]$�8j�?) �?) �?2 �
,O0(?2 �
�?�� Q],$� # ��(F$) !, :9 
��, ".� Q P+< ��, "�() ",$/0 �%.�=.

L�"�(< Q P+< "�*E��F $R� !,8���?��2 -�)O � 8. @(E �,$% 
# �7#. � :��%Z
 -,O? � .?���� "�(?< �?
, �
� / �(@U 8�0
Sr>400 ppm �Sr/Y>40 ppm��(/� �E	$% �,$A ��?
, 8�0

M�� �! � ^A(� �� �0 �EF�����?
��� # ��(?F$) !, :?9 8
"�(< �) "�(< �
, "(2 \(� 8D(;� 8�0 8�0���?��2 -�?)O � # >�?9

 �?� -�+?� -�?�$2 -�E?�, �� 8$ 	�(9 :� "�(?< �?2 .?0�8
 �,$% �/� 8$ 	�(9 7#. � . @(E�E��,(< �E?�(9 B#D !, ��, 8

"�(?< .?���� �) �
,$)��) # .��) ".� Qb�] ".�#�#$	 ��(�� A,-
6�) B#D �) �E�),# J(	 8. @(E �,$% 8�0 �E�(9 �
$
! 8�0-

8"��A ��, ".� S �z 8,.

 قدرداني

:?� H/E3� �V��C �/0 8�0 �
�/] �) 60#Z9 �
, �2 �3�= !,
�/+{$� �H?/E3� �?
, X�?� �a< �(?�, "Z?
# �?) � ?�_/0 #

�?� c!j ,�� ���, ".� c�3�, 7#. � :� ��.^� H/E3� S?�,�
 �^??�(< # g?? �a< �(??�, c$??Ea� �
$
.??� !,8:??� H??/E3� 

�(?�, c$?Ea� : ?@� ��/?��A p.?��� 8�A= B��C �/+{$�
 # �?3�9 6<= p.��� 8�A= B��C H/E3� �
, �^�(< # g �a<

 E3� c$Ea� �
$
.� O � p.?��� 8�?A= B��C 7#. � :� H/
 :?� H?/E3� �?���� � ?�! 6?�) c$Ea� : @� # -� ;
$�
 �?/0 8��?P/0 $h�?F �) ������ p.��� 8�A= B��C 7#. �

 S ?�2 8�,O*��W� "U#$9 �
, c�3�, �� -�� �V��C.?�_/0  !, �
�0$R� �) �2 c$Ea� -,�#,�8��4 $) �(F .�/�!�, 8?/&' �,?
�

� $P+< .��#O	, ������S�2.

 راجعم
[1] Shahabpour J., “Behaviour of Cu and Mo in the 
SarCheshmeh porphyry Cu deposit, Kerman, Iran” 
CIM Bull., 93 , (2000) 44 – 51. 
[2] Outomec., “Techno-economic feasibility study 
and relevant backing technical studies of Meiduk 
Copper Project”, Outokumpu, Finland, ( 1992 ) 
171p .
[3] Hassanzadeh j., “Metallogenic and 
tectonomagmatic events in SE sectore of the 
Cenozoic active continental margine of central 
iran- Shahr- Babak, kerman province,” PHD 
thesis, university of California (1993) 201 p. 
[4] McInnes B.I.A., Evans N.J., Belousova E., 
Griffin W.T., Andrew R.L., “Timing of            
minerlization and exhumation processes at the 
Sarcheshmeh and Meiduk porphyry Cu deposits, 
Kerman belt, Iran”, Mineral exploration and 
sustainable development , Eliopoulos et al. (eds), 
Millpress, Roterdam, ISBN 9077017 77 1, (2003) 
p 1197-1200. 
[5] Dimitrijevic M., “Geology of Kerman region: 
institute for geological and mining exploration and 
institution of nuclear and other mineral raw 
materials”, Beograd-Yugoslavia, Iran Geol. 
Survey Rept. (1973) Yu/52. 
[6] Saric A., Djordjevic M., Dimitrijevic M. N., 
“Geological map of Shahr-Babak, Scale 
1/100000”, Geological Survey of Iran , ( 1971 ) 
Tehran, Iran . 

www.sid.ir


Arc
hive

 of
 S

ID

www.SID.ir

-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� u�u

 ]�[� ��� �= .\ �
�z$ &' �.\ -�
�,$� �.! (&��V' �.�˝�/ �(@U
M�� #�M�� �EF�� :� �����2 $ *�#�� ���+;+<= 8�0

-��$2 7#. �˝�# ������(&) �&3� ���2 .&C �-,$
, �����
 "��/� �S0.;0q�)�q�� (G|1�GLk .

[8] Wilt J.C., "Correspondence of alkalinity and 
ferric/ferrous ratios of igneous rocks associated 
with various types of porphyry-copper deposits. In: 
Pierce, F.W., Bolm, J.G. (Eds.), porphyry-Copper 
Deposits of the American Cordillera. Ariz. Geol. 
Soc. Digest 20 (1995) 180-200. 
[9] Keith S.B., Swam M.M., "The great Laramide 
porphyry copper cluster of Arizona, Sonora, and 
New Mexico: the tectonic setting, petrology, and 
genesis of a world class porphyry metal cluster. In: 
Coyner, A.r., Fahey, P.L. (Eds.)", Geologyband ore 
Deposit of the American Cordillera. Geological 
Society of Nevada Symposium proceeding, 
Reno/Sparks, Nevada, Aprill 1995, pp. 1667-1747. 
[10] De La Roche H., Leterrier J., Grandclaude P., 
Marchal M., ”A classification of volcanic and 
plutonic rocks using R1R2-diagram and major-
element analyses–its relationships with current 
nomenclature“, Chemical Geology 29, (1980)183–
210.
[11] Frost R.B., Barnes C.G., Collins W.J., Arculus 
R.J., Ellis D.J., Frost C.D., "A Geochemical 
classification for Granitic Rocks", Journal of 
Petrology 42 (2001) 2033–2048. 
[12] Maniar P.D., Piccoli P.M., “Tectonic 
discrimination of granitoids”, Geol Soc Am Bull, 
101, (1989) pp 635-643. 
[13] Waight T.E., Weaver S.D., Muir R.J., “The 
Hohonu Batholith of North Westland, New 
Zealand: granitoid compositions controlled 
bysource H2O contents and generated during 
tectonic transition”, Contribution to Mineralogy 
and Petrology 130, (1998) 225–239. 
[14] Pearce J.A., Harris N.B.W., Tindle A.G., 
“Trace element discrimination diagrams for the 
tectonic interpretation of granitic rocks”, Journal 
of Petrology 25, (1984) 956–983. 
 

[15] Batchelor R.A., Bowden P., “Petrogenetic 
interpretation of granitoid rock series: using 
multinational parameters”, Chem. Geol., 48: 
(1985) 43-55. 
[16] Newberry R.J., Burns L.E., Swanson S.E., 
Smith T.E., “Comparative petrologic evolution of 
the Sn and W granites of the Fairbanks-Circle 
area, interior Alaska. In: Stein H.J., Hannah, J.L. 
(Eds.). Ore-bearing Granite Systems; Petrogenesis 
and Mineralising Processes”, Geological Society 
of America, Special Paper 246, (1990) pp. 121–
142.
[17] Sun S.S., McDonough W.F., “Chemical and 
isotopic systematics of oceanic basalts; 
implications for mantle composition and 
processes: in Saunders, A.D., and Norry, M.J., 
eds., Magmatism in the ocean basins”, Geological 
Society Special Publications no. 42 (1989) p. 313-
345.
[18] Richards J. P., Boyce A.J., Springle M.S., 
“Geologic evolution of Escondida Area, Northern 
Chile, A model for spatial and temporal 
localization of porphyry Cu minerlaization”,
Economic Geology, v. 96 (2001) p. 271-305. 
[19] Shafiei B., Shahabpour J., Haschke M., 
“Transition from Paleogene normal calc-alkaline 
to Neogene adakite-like plutonism and Cu-
metallogeny in the Kerman porphyry copper belt: 
response to Neogene crustal thickening", Journal 
of Sciences. Islamic Republic of Iran, v 19 (2008) 
p. 67-84. 
[20] Taghipour N.,  Aftabi A.,  Mathur R., 
“Geology and Re-Os Geochronology of 
Mineralization of  the Miduk Porphyry Copper 
Deposit”, The Society of Resource Geology 2: 
(2007)143–160. 
[21] Shahabpour J., “Tectonic evolution of the 
orogenic belt in the region located between 
Kerman and Neyriz”, Journal of Asian Earth 
Science, v. 24 (2005) p. 405-417.  

]11[��&' �
�z$ &' "M�� �/ �(@U -.^� 8. @(E �,$% 8�0
:� 8!�������2 �) -= ��),� # 7#. � :�"����� -�
�9 

�-,./0 �� � �&'() "�*+�,� �.��, �������2)�q��(.

www.sid.ir

