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Kb��0F
�&'(1'C'��
! �
!� (
=!�!� �0F0�� '�$G'��
�0<��$G'��
�CK�� ���#2 FJ< ���&�6  �2 @.c &! �0��.�T �[�-�� F
=

��)*6�S�*1#K !Fd6! '�.&/� M,'*��
� �6! �*	/K .!
X,6 (�� �0
^� ='�& _'(*S�6�  ; ��2 e�I3�! �� . J�C; � Q 
f ;�0F�*6#Q F���G !F!
!/:;/� JF�G�. f�!�./	 /g! �� FG!'6#���*3#R� '& �2 O
� 3 J< /'��1 M��!.!
.� (
&! �!� Q'�0���F
�CK���
&�	 !:0#;�
6'C'/
(�Q'(�6!.

9;�����<��%�:/I��;/Q
(h!�
=�0F	��'=hB�6E,6�U-Pbh6!�.9'=h2'�,CH��h�./0�1 .

��%=� 
�I� ��F��C1 �! J.& 
:;/� J!/F��W,� �� F2'�� �,CH��

+G#� �2 �./0�1 \/1 @#,H'	!/iH �'��
'��°[l�3'�[°��
G/1 B#m�.'[�°�[�3'[°�n��C1 o/%�!� �
=�0F

	��'=.��#3�0F�./2�K =>#;
�#
*��*�2!. M�� �,> �2 
U$*��)8.&./3./Q#R�'6!�.9 �='1/3 . ='/F(J!.!/	 �!�+3 �2 �
�%#CE��0F�c< 
(��#K/K��/I��;/Q 
! (
:;/� J!/Fp./+� �

�%#CE� �2�0F� . ��> �!:0 �,2 �/I�� '�����/; VWG !� ��! 
6�/2��0F!/^- �
S/2 �� �*	/K q�#- �! &! 
r� sm�,� ('/

��>�!:0 �,2 . /I��!� �!�+3 �
=�0�2�0�- �3J!�!:0 ���6� 
��#K �2!F� �; �J< J!#3! !� �0�1�I�!�
��)Dyke Swarm 

(���'�.p�0!
(6�/2�+3''G� (6 ('�W2!� . sF!�
=�2 �0
�%#CE�FJ#K/K� ..� �̀	/- F!�
=�0F�*�2!.6!�.9 �2 '=

�*	/K q�#-�6! J.& �� �; �0F. &/I�! t�,,6 �6'� J�H/':

∗(N$3 �B#R�� ��,�
#� :l��uu��l�u���'�./*��! ��Q �:m.balaghi@shahroodut.ac.ir 

B�6".� . ��'2v��C1 �"#6 �:'
�Q��w^N- &! ��u� �3 �x� 



Aa2��G��-'C6�G �J��4E^� ��M�HJ!/
! �6�,1 ���; . �6�,1�#$2 �$E� F �u�

��1 ]�!:K��! .!� �&/I�! J.& ��
=�0F	�� '��#3 . =�0F
./2�K�
�2� � ����/; VWG !� = C1 ��&�6 ��!]���[.2�

t�,,6 J.& �� ��.a% �6'� J�H/'�%#CE� �� :�0FJ#K/K� 
2'/*  �,�Q �I1!F��#3 .�0F�!/K '8#*'�F2� �')��',6 (�

�ul�'$'�B�6 J#!�
=�0F�2� � ���1 ]�!:K ��! .!/2F
��#3 B�{��0Fc#N� F1'�#; /
�:]�[8#2 �'� ('�1���

]��[[���& MK]n[��#�! �]u[.�/H./2 ]x[�2 �; �,*�0-
6.'�$F!�
=�0
��#3 ��0Fc#N� F�2� � ���1 VWG ��! .

>����� �
&! OQ6�/2��0FG�'!/^- s�
+3 �''�0�T!. _2!.� (F
),6�� 3 .'M�� |�0F��#3 U$*�� �0Fc#N� F2 .�-

!� }#~S
=J< &! ��0��#C� �0�!�/2F1�.VW�� ��K��; ��
K'/F��� �!� F�& "#$% '*+,- ��) �!� (�&! ��./0�1 
!�
=�0F�!�+3 �/r� ��#� ��� �&�� VW�� 'Q#�6./��.��

�&�� VW�� �-'$���3'����1 .&! OQ6�/2��0FG�'s
�'�6./�#Q�.�F�!�+3 �Vm��� F��#C� &! �0FZ��6 �2 /3

��6/K� MG!�T���&< �� . @��*�! 
��) ACME �!����; �2
;/3 �*�2 ].�'I��0�; �2 F4A, 4B].� �2 �0FICP-AES 

.ICP-MS  :E3
���1 �.�*�
:E3 �
�F1'C'��
��#C� �0
)B.�H�(6/3 ��'� ZI+3 . �0�!�#C'�N3 . /'�0/F�&'(-
1'C'��
X,6 .*S�,1��*	/K �!/G ���N*6! ��#� ��! .

?�%�@�*�
:E3 �
1 �'C���#C� M; X,6 �0F	�� '��W,� =F/I�� .
Region Molhedo Mountain and Allaeddine Mountain Sefid sang area

Rock Maficdike
Sample B34 B2-1 B44-6 B83-1-2 B19-3 B104-4 MS04-3 MS04-1 MS16-3 MS09-1 MS04-5 MS03-4 MS76-1

Major elements (wt %)
SiO2 u�/�� �[/�� u[/�x �[/�u [�/[l x�/�� ��/�n ux/�x �[/[� ��/�� nl/�x [�/�� [�/��
Al2O3 �n/�n u�/�[ ��/�n x/�� [�/�� �x/�[ ��/�[ l[/�x [l/�x ��/�x ��/�x ux/�� u[/��
FeOt �[/�l ��/�� nn/�l �/�� u�/�� �n/�� ��/�� [�/�l �l/x xl/� ��/�l ��/�� x�/��
MgO l�/u �[/[ l[/u lx/� ��/� ��/[ xn[/x ��/[ ��/� �u/n [�/[ n[/� xn/[
CaO [�/�l ��/� ��/�� �x/�� ��/u l[/x nl�/x uu/�� ��/�l ��/�l lx/�� ��/u nn/�
Na2O lx/� n�/� �[/� �x/� u[/� [�/� l�x/� �[/� l�/� �l/� l�/� ��/� x�/�
K2O ��/l ��/l �u/l [�/l [[/l uu/l �[/� ��/l ��/l �u/l �u/l �u/� ul/l
TiO2 ��/� �[/� ��/� xn/� [x/� �u/� ��/� nl/� n�/l ��/� [[/� u�/� ��/�
P2O5 �n/l ��/l �[/l �x/l x�/l ��/l nl/l �u/l lx/l ��/l �n/l �l/� ��/l
MnO �x/l �/l ��/l �n/l �n/l ��/l ��/l �u/l ��/l �u/l �u/l �n/l ��/l
Cr2O3 l��/l l�u/l l�n/l ll�/l ll�/l l��/l l�/l l�/l l�/l l�/l l�/l l/l l�/l
LOI [/� �/� [/� x/� �/l � � x/l �/� n/� �/� �/� n/�
Sum u[/�� u�/�� ux/�� x/�� x�/�� ux/�� ��/�� l�/�ll �x/�� �[/�� ��/�� ��/�� l�/�ll

Norm (CIPW)
Q l ��/� l l l l l l �n�/� l l l l
Or �l/� nl/� nl/� l�/� �[/� [[/� [x/x l�/� �l/[ x�/� ��/� u�/x �[/�
Ab ln/�n [[/�l n[/�n u[/�u ��/�l �n/�x l�/�[ u�/�n �n/�u ��/�u u�/�[ x[/�[ �l/��
An n�/�� [x/�[ n[/�� xl/�u nu/�n �l/�x �x/�� lu/�� n�/�x nx/�� l�/�[ �x/�n l�/��
Ne l l l l l l ��/l l l l l l l
Hy ��/�� ��/�� ��/n �x/l x�/�l l�/� l �l/[ ln/�� ��/[ �l/� [l/x lx/n
Ol n�/� l lx/n ��/u ��/l uu/x [u/�n [l/� l l�/n ��/� n�/� x[/�
Mt [�/[ �n/n ��/[ �l/n �u/n uu/n nu/u �l/n ul/� n�/[ ��/[ n[/u ��/u
Il [[/� �x/� ul/� [�/� �l/� ��/� [x/� l[/� �x/� [�/� n[/� �[/[ ��/�

Ap �x/l u�/l �n/l �l/l ��/� x�/l ��/� ��/l ��/l [�/l �x/l xn/� uu/l
Sum ��/�� �[/�� �x/�� ��/�� xu/�� n�/�� ��/�� l�/�ll �x/�� ��/�� �x/�� ln/�ll l�/�ll

Trace elements (ppm)
Ba ��� �� [� �lx �n ��u ��� �[ �x� uu �� �l� �l�
Cs �/l �/l �/� �/� �/l �/l �/� [/� �/� x/l �/� x/l �/�
Ga �/�[ �x n/�[ n/�u u/�l �/�x �/�n [/�n �� x/�� x/�� �n �u
Hf �/� �/� �/� x/� n �/� �/� �/� n/� x/� �/� �/� [/n
Nb u/� n/[ x/� �/x n/u n �/[[ �/� �/� �/n u/� �/�[ �/�
Rb �/�u �/n �/[ �/�l n/u u/�n [/�l �� x/�� �/�x n/�� �/[l �/��
Sr [/�x[ n/�n� �x� �/[ux n/�[l �/�[� n/�xn n/��u �/��� �/��x �/�u[ �/�l� �/�[u
Ta �/l �/l �/l n/l [/l �/l �/� �/l �/l �/l �/l � [/l
Th n/l �/� �/l �/� �/� n/� u/� n/l x/� n/l n/l � x/�
U �/l �/l �/l �/l n/l n/l �/� �/l �/l �/l �/l �/� u/l
V ��x �nn ��� ��x �uu �l[ �[x ��u �n� ��� �lu ��� �nn
Zr �/x� u/�[� [/x� x[ �/��[ n/�[� �/�xu �/�l� [/�x �/x� [/�u [/�nn �/��x
Y �/�� �/�x �/�[ �� �/[x �/�u �/�� �/�n �/�� x/�� �/�n �/�� [/��
Pb �/� n/� �/[ �/[ u/� �/� [/� u/� x/� [/� [/� x/�l �/�

Rare earth elements (ppm)
La �/� u/�l �/� �/�� u/�n �/�� �/�� �/n n/u u/x n/[ �/�u �/�[
Ce �/�[ [/�u �/�� n/�u u/�� �/�� �/n� �/�n �/�n �/�� �/�[ �/[� �x
Pr ��/� �n/� l�/� �u/� �x/n �u/� �[/u ��/� l�/� uu/� �u/� ��/u ��/[
Nd �l �/�x �/�l n/�� �/�x �/�� �/�u �� �/x n/�� �� �/�� �/��
Sm xx/� [�/[ l�/� [�/� x�/x �u/[ n ��/� lu/� �x/� �[/� u�/u ��/[
Eu ��/� x�/� ��/� �x/� ln/� u[/� x�/� �[/� u[/l ��/� ��/� n�/� �u/�
Gd x/� ��/n � nx/� x/� �/n ��/[ ��/� �/� [[/� lx/� x/u x�/n
Tb u�/l �n/� u/l n�/l ux/� ��/� x�/l x�/l �n/l u�/l ux/l ��/� �u/�
Dy xu/� �/n ��/� n�/� u�/�l ��/n [[/� n�/� n[/� �x/� ��/� ��/x ��/x
Ho �u/l [n/� lu/� u�/l �n/� [n/� x�/l �[/� [�/l xx/l �/� n/� u�/�
Er ��/� ��/� x�/� �/� ��/n ln/� �n/� u[/� n�/� [/� �x/� �/� �n/�
Tm ��/l n�/l �x/l �/l ��/l [x/l ��/l ��/l ��/l ��/l ��/l n�/l x�/l
Yb ��/� ��/� �u/� u�/� ��/[ uu/� uu/� x�/� [�/� ��/� ��/� xu/� n[/�
Lu ��/l n�/l ��/l ��/l x[/l n�/l �n/l �n/l �n/l �u/l ��/l [�/l x/l

Eu/Eu* l[/� ��/l � l�/� l�/� ��/l ��/l l�/� l�/� ��/� l�/� l�/� �[/l
∑REE ��/[� ��/�� �u/[l lu/un �u/��[ �u/�u ��/�[[ �u/[x n/�n ��/n� �x/[n n�/�n[ �[/��l
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27�GU�! (�#C� �! Ca+Na�2 �I�� Na@(�!�#C�Mg/(Mg + Fe2)�2 �I��Si!/2 FN�< 'B#I�0F�0 ��#3 �� �#H#� F./2�K �
��W,� F
�3 ��>�)/I�� \/1 B�C1 (� J� � �;��0 �,$I��#0 �./K &! �0� F�$; '��! L#� ='�,*�0 �.t(��!�#C� Fe/(3Fe + Mg) �2 �I�� Altotal 

]��[���.�^��F�� 	 � 3M'#I'N�< B�0!�f
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���< �':EPMA �0 ��#C� FN�< '��#3 B#I�0F./2�K �
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Sample 
number B170-1-01 B170-1-02 B170-1-03 B170-1-04 B170-1-01 B170-1-02 B170-1-03 B170-1-04

SiO2 �/�� ��/�� ��/�� ��/�� Amphibole group Ca Ca Ca Ca 
TiO2 ��/� ��/� �/� ��/� (Ca+Na) (B) � � � �
Al2O3 ��/�� ��/� ��/� ��/� Na (B) ���/� ���/� ���/� ���/�
FeO ��/� �/� ��/� ��/� (Na+K) (A) ���/� ���/� ���/� ���/�

MnO ��/� ��/� ��/� ��/� Mg/(Mg+Fe2) ���/� ���/� ���/� ���/�

MgO �/�� ��/�� ��/�� ��/�� Amphibole names edenitic 
hornblende edenite edenite edenite 

CaO ��/�� ��/�� �/�� ��/�� P (kbars) 

Na2O ��/� ��/� ��/� ��/� Hammarstrom & 
Zen 86 ��/� ��/� ��/� ��/�

K2O ��/� ��/� ��/� ��/� Hollister et al. 87 ��/� ��/� ��/� ��/�

Cr2O3 � ��/� ��/� ��/� Johnson & 
Rutherford 89 ��/� ��/� ��/� ��/�

H2O* ��/� ��/� ��/� ��/� Schmidt 92 ��/� ��/� ��/� ��/�
Total ��/�� ��/�� ��/�� ��/�� 
No. of 

oxygens �� �� �� �� 
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���G �*6#Q!F)�2M'�� :�/C3 FY�2 /-�,% (
! �� *6#Q�F
���GF!(�1�2 �*	/K q�#-)M�1��@.(�')��'�I�� (

LaN/SmN � �; �I�� /)��LREE/HREE ��6!X,6 �� -
�0F��W,� F/2!/2 /I�� ��/��6! 5�6! /2 !�� �!
. �I�� (

0�� �2 �H#3 �2'$G �I1 �'��
��#C� �� �0J!#3 *�'�; �	/K �E 
F�CK�� ��&�6�FX,6F�0 &! ��W,� @.c � �2 �2�H��F
('
�Q �
VI,� �*1#KF!�,A ��1�
� �6! �*	/K .�!�#C� 
TiO2�2 �I�� Fe2O3t]��[2'/)���6! J<)M�1���.(
,�C0'��#C� (*	/K �!/G (�0F��#� 6�/2����'J!� �G�	 
����K .�F�!�#C� Ce/Sm �2 �I�� Sm/Yb ]��[�2�
� 
(*	/K !
(��),6 &!@.c  �2�
=��)*6�S �*1#K!F�G�	 
����K �!#�C0���!�)M�1��q.(+3 �#r,� �2''�H�� (F

 �2 @.c��0 ��#C� F��#� 6�/2��� �2 �H#3 �2 ')��'Y�2 (F
,� ��%':
J< Z�0)��(�!�#C� &! Sm/Yb)N (�2 �I�� 

(La/Sm)N�����
/��E,�2 ��1 �I�� �2��,;
�J�6 .=�
p#�.�)����(�1 ���N*6! )M�1��U�!.(! ��
�!�#C� (

�0 ��#C�F	�� ' �2 @.c &! /I�� ��W,� =����3��
�-��F
=��)*6�Sd6! '/Q M,
3.�'*��
� ��! �*	/K .

i3 �!�#C� &!''q!/Ce/Y �2 �I�� Ce ]��[!/2F+3''(
 �2 @.c �!�S� sC%�M^� ��)*6�S�6! ��1 ���N*6! ./2
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�!�#C� ()M�1��@( �2 @.c &./2 sC% ��.
� 3'�CK�� MF���&�6 FX,6 �0F	�� '��W,� =F�� /I�� 
.�T ����3���;'+3 /*�#$''� (��; �#1�2�*1#K F
d6!'�.&/� M,'*��!#�C0���!� .�0�!�#C� ��F+3 U$*�� ''(

^�'_�&'*S�6 (�)M�1�0F���q.?(���#C��0F
	��'��#� =6�/2����/*�KF��*�!&�2F��C; � Q �.
�
�:�
� �!/G J< �2 =�K'��/.

27�HU�! ��!�#C� Na2O+K2O�2 �I�� SiO2]��[�;+G#�'���#C��0F��#� 6�/2�.�FJ<J� � ��!� ��1 �6!.@�i3 �!�#C� ''q!/
 �I��Zr/TiO2�2 �I�� Nb/Yb ]��[+G#� .'��#C� ��0F��#� 6�/2�.� /2 FJ<.��i3 �!�#C� ''�I�� q!/*0.0001 Zr/TiO2�2 �I�� 

Nb/Yb ]��[.

27�IU�! �3#I�,% �!�#C���2 �I�� ��1 ��E,�2 REE��,; 
�]��[@ ��3#I�,% �!�#C� ��2 �I�� ��1 ��E,�2 NMORB (Sun & Mc 

Donough, 1989)!/2 F�0 ��#C� F./2�K �
��#� 6�/2�.��i3 �!�#C� ''q!/TiO2�2 �I�� Fe2O3t]��[!/2 F��#C� �0F��#� 6�/2�.q�
�I�� �!�#C�Sm/Yb �2 �I�� Ce/Sm ]��[.
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27�JU�! ��!�#C� Sm/Yb)N (�2 �I�� (La/Sm)N�����
/��E,�2 ��1 �I�� �2��,;
�]��.[@�i3 �!�#C� ''q!/Ce/Y M2��� �� Ce 
]��[+3 ��H '' �2 @.c �!�S� sC% (�VI,� M^� .�0�!�#C�Fi3''q!/VM2��� �� Ti/1000 ]��[)�(�La/Nb �2 �I�� Y]��[)q(.

�!�#C�Ti/Zr�2 �I�� Zr ]��[)?(!/2F+3''^� ('_�&'*S�6 (��0 ��#C� F	�� '��#� =6�/2�.

?������>�� �  U-Pb ���E�K
3�Q<'���;�%/	�!�
���X,6�0F	��'��#� =6�/2��6! 
�; q�%am! C���}#~S �� J��& � 3'M!
X,6 (�0�8!�!
���0� .�2�#m $;�3�Q<'���6�/2��0FB�6E,6����F
�Q'
(�2��; ���.� .&
!/���F�*�2 J�1 6'Z*� 3�Q<'�
�Q'
(�6!)��������H�� F*��6'�!/)] (��.[�4�! +3''(

(6 G�'s�2].� U-Pb-Th .�/2F3�Q< '�}#~�2 ��
��#C��0F/*�!#H �2��'M�!.!/	��Q'
(U.&!�6� (*	� Pb 
�!�
�9#'=.C0!'�~3^'�G�'s��% @/6F�2'���!#1� 
�6! ]��.[+3''((6G�'sU-Pb Ỳ#C+� �2��'M�I�� 
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