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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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2'/*  !�!�F�*6!� FG/1 B�C1 ��2/A @#,H ��,*�0 .

J< �����*��6 �,> &! �0'/*� �,> �3 /*C)��3[/*� (i*�'/
�6! .!
X,6 (!� /2 �.a% �0
2 �=	#Q< M�1 �'. �#*6! �:
��#3�0F�̀I��A . =>#; �2X���0F6'���3:I6 3'�/��0� � 
����#1.S/2 �� �J< &! �&!��! pa*S! �0F1�T &! �0�#$2 '�2 �

!� :;/�
�6! ��0� � M2�G =.�2��#K!F�;f�2�0F
�'1�T�F! ��!�. :
� ���T ��CE�! V
/6 f�2 . ���!��0F
:;/�Fà��; �1��	�#Q �	�2 . ��!�'8./'�F&! M� *� 

F�0/'	�#Q �1�� &a�#
9aQ J� � ���,0�)M�1���(.
S/2�!� &! 
=�G �0
C���/3)/I��;/Q
((.�26.'�$F

�!/K'��0F*�3��< '�K ='J< �� . ��1 �*���1 ��,;!/Q �0 ���!
0./K �4�!��
1�T �2 /)'�F/6 ��CE�! 
�Z��6 à��; . V

K���#K/�!/K . �0'��0F*�3��< '��/; VWG !� =3�+WG . ��!�&!
J<�*	/K/2�� !� �0��! .Q &!'�0���F�H . c#N� 
:)
,�!
!� (
=-

X,6 J�1 "/K ��0�0F��#K �2 ��6! ��W,� !FX,6 �; �0F
$Q�*�'*��'+�#� �#m �2 J�2:�]#�*6��#K/K� �3�.�E� �

*T . ��1��+2 �� �6 �2 ��!#� '$'��C'�I3 O$N��#0 �
M
��1��!.

.�~3
��!#0�� /!F.6�/2��0F!/^-�
� J� � ��; �,0�
f�2 ���0FG/1 B�C1 ���W,� F/I�� )��! �a% �3a; �#;
(
�#;&�� .(f�2 .�0F2#,H �J<)2/A @#,H�.�^$� �#; (!
(

!�
=2 :;/C3 &! �0'/* FJ< �!�+3 . ���!��#S/2 �3 �0�- �2 �0
!:0!� J!�
� =��6�)M�1�U�!.(�$CH &! �.�E� sm�,� ��
N6'X,6 �]�u[��>�!:0 �,2 �]�x[� �'���]��[�#;/*1 .

]�l[�'C0 :'!� (
=���!� J#C,S� �0.�0�T!.F),6�
6!�.9'=&
/
m �2 ('U;/3'I�!/�#$),;�*� .@.�,3 1'M.
�6�� Q�� �2 J#K/K� X,6')*6#��c< 
(Q�.�F�%#CE� F
�c<
(��#K/K� �/I��;/Q 
���!� �!/G (.����%�GF���I��F
2#6��6!�.9'& =
/
�(��sm�,� �,2 ��>�!:0 .�'����
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�$H ������C1 ��:'
�Q���� ��;�6�,1��& �'(1'C�E,6#3/Q (6 .�!�
=�0F. . .�u[

!/�#$),;�*�F��'C�)�2����� 2'f&![ll /*� (.�TF
�#$G�0F�2'*1�� ���&!X,6�0FJ#K/K� .�!/K'��0�!/C0 
�2 �'J�Y
��0�
&!1'MJ#C,S� ��!� .��f�2�0F1'$�!
(

��T!. �	'M�0FK'0��&!L#�Cyathidites austalis, 
Lycopodium sporites, Gleicheniidites senonicus, 

Sphaghumsporites antiquas porites 
�	� ��1��!]��.[
,�C0'(J�H/� ..��N;!F&!L#� /*��<
�#'��':��!
(
X,6�0
�	� ���#1)M�1��@(./25�6! �0!#1 >'�,-
*S�,1��!
(X,6�0!�!�F�&�2F,6�/S!.! /3
5��3
6!�.9'=&
/
(�,*�0 .�!#3��!/�#$),; 1'M.�6�� X,6 ��
sm�,� �'���.�,2 ��>�!:0 !���J!#3 B��+� ��&�6 = C1 
&/I�! �� ! .
J!/ :;/�F��/r� �	/K.��&�6 = C1 .�TF

�	'M�0FU; �1�� &F�#�< .'��0�
�&�2 �; �6!F���& �
6�<#3'(�'����3,�<'(Y�2�
!�J� � ���,0�]��.[!
(

!/�#$),; �T!.�
�'!���1< :�2
=M�� !� &!
=�0F	�� '=
�6! ��1 VWG.! �#�T 
(!/�#$),;F�!&�,>F��'Z;�T�

&! J<�6! �;!:0#; &�	 B�I�� �2�
6'/C
Q (' '�� (/S!.! 
/3
�5� �W,���]#�*6 K�&Y�2�.�6/	
f�1
��1 �.

���I��F2#6� �/�3
I���'��#T �� !� = C1 B��+� Z-
�0F  ; �$^� ���*	!./	 ��H/2 F�6! �*1!�K .!
(���I��F
/�3
I�!̀�+2 )6!�.9'� ='����Y�2 �
(����S� �T ��F
1'�6! ��1 J#K/K� :I6 �� .�%#CE� �#K/K��/I�� .

���I��F2#6� �/�3
I�6!�.9 J#K/K� '& =
/
S/2 �� (�
sm�,�)@/A . ��>�!:0 �,2 �#; .�^$� (�2X,6�0F�0<��
�0<���6��!F.=0< �6��!F�	'M�!�).�TF�#�< '. �

J�H/� 6!�.9 (6 �2'=�'���(1#Q'����1��! .!
�0�T!. (F

�	'M�!� !� J#K/K��� ��J!#3 B��+� ��&�6 ��'��F��&/I�! .

�=0<�0F�+$G /*S� .�,N6!
����!
J!/ :;/�F��/r� 

�	/K]��.[
6�/2��0F!/^- �
� J� � �!� �; �,0�
=�0F	�� '=
��#�6�/2�! �
�0�T!. (F�0< ��	'M��/�� VWG !� �!� ���!
� !���6!�.9 (6 J!#3'� ='���!/2 !� FJ<�	/K/r� �� �0 .
=0<�0F.�TF2�!'�#*'�(!
#�!/6#,5.�N;.�!F�0F��:2 
�2 (6�6�3/; &
/
(�2Q��')*6#�.!& 
��!� .�FM�� /�3
I��

3�,2/;�6!�.9 '=�'����!/G �*	/K��! .�2��'M�#H. �
:
�	'M�0FCylindroporella sp, Dictyoconus sp, 

Orbitolina sp, Lithocodium aggregatum, 
Textularids, Miliolides, Dasycladacea .Shell 

fragments ! ��
(X,6��0 J< (6�&�2 �� �0F@#�1< �0F
�Q<'(�I�<'()& �6�3/;
/
((� �!/G�K'�/]��.[���#; 

�.�^$� =0<�0F& �6�3/; 
/
(�26.'�$FM�K J.�!. Z;-
1'�&!L#� K��!��.�F�%#CE� �c<
(�J#K/K� /I��;/Q
(

�!/G �*	/K��!.!
=0< (�0�2!�
=�� � VWG �0 �� �2 !�� ���!
> _2!.� (*	/K /r�'�,*S�,1���*� J!#3'�; �	/K �E

!�
=�0F��#� 6�/2�! �� 
(f0.bQ6!�.9 /S!.! �2 '=
�'����Y�2 �
���!� s$+3 .&/I�! J.& �� = C1 ��&�6 MS!� ��

G/1��'!� :
=�0F�2� ��c#N� ��/;��! �;��=0<�0F
�� ��&�6'��F�2(66!�.9'=�'������!�� ��!�!]�.[

���
��F!
!� (
=!� �2 �0
=�0F��#� 6�/2�� J� � ��0�
!�!� �./K .�/0 �;F�H
> ��)'�,*S�,1��&�2 �F,6�X,6 �-

6�,1��& �'(1'C��H .
�& ��)'(*S�6��2'�2� � ���
�,*�0.

27�BU�! �#~3 
/F&!@.�,3 1'M.�6�� X,6�0F6!�.9'=&
/
()��W,�F�'���(.@�#~3 
/F�	 &! '��$F�#�< '�N;.� . �!F�0F
�	�
1 �� ��1'M�0F6!�.9 '& =
/
()��W,�F�'���.(
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Aa2��G��-'C6�G �J��4E^� ��M�HJ!/
! �6�,1 ���; . �6�,1�#$2 �$E� F �un

��5� C���
!�
=�0F	�� '��#� =6�/2�!�!� F;/3'���;�6�,1�

9aQ
�&a;# Q'9.! (�;./
*�N�< Z; �!��� �2 .'��! B#I'*�
�,*�0 .�	�2�0F	!'*��@�6 	!'*�	�#Q �'8./'�F�

	�#Q./�#$K'8./'�F��!� �!F�
���!� �1�� �3 :.3�Q< '�(N6! ��
*,)�'3 . �'*,)�#��*'��; &! �'��F%/	 �! �� �#H#� 
(
X,6�,*�0 �0 .3�Q<'�
����; &! ��0F%/	 ��#H#� Z�� .

X,6 ���0F	�� 'J&#6 q�#- �2 �̀I��A �; �6! ��W,� =�0F
�,$2� � � ��0�#1��.!
��; (�q�#- �2 c#N�F9aQ �� 
&a;#

��!� �#�T .Q!'/$; . q.�
��; �$CH &! ���0F#��g 
�#H#� �
! ��
X,6 (�0�,*�0)M�1�.(;/3 �2 �H#3 �2'��; ��-
6�,1�. .
Kb��0F*	�2 �� ��! J!#3
X,6 (� !� �0'./2�K./�

��� ./2�K �3'�.

����D�E �?�!��
N�<'B#I0�F!� �� �#H#� 
=�0F	�� '��#� =6�/2���� �� -
�,2F]��[���./K �'�$� . �*	/K �!/G L#� &! ��!'��!�

)M�1�.(B#I'N�<�0
���6�,� &! /3
(�����0��� ���
�E,6�� 	 X,6F�0 ,
�c<��0�� 	 �� �; �,*�0 F

Kbar ����.�/*�KF6.'+�&! �0��� &! C˚���� ���� 
]�����[�Q
���!� .�*� &! !��
���< �'�W�� :!FJ<�0!/2F+3''(

�H sC%
)'/F!�
=�1 ���N*6! �0.
�*�
E,6�� 	 ��� 5�6! /2 'J!:Al+3N�< �� B#$^� 'B#I

 ���> �2��Im�,2FU$*�� )B.�H�(� J� ��� �; �0�')��'(
�H �� 	
)'/F!
��#3 (�� �0�/*�KFKbar �/���/���
/�3 sC%
I����3��;'/*�#$F� �!/G �*6#Q �K'�/.

27�FU�! �#~3 
/F&!�#�T �0�#$2F9aQ
&a;# .9.!
����0./2�KF�2��	�2 ���!�!F.Pl :9aQ �
�&a;# Aug :9.! �
�.@�#~�3
/F&!�#��T 
	�#Q'�0/F9aQ
&a;# ��!�
=�0F�'./2�K./��
�	�2 �2 	�#Q./�#$K'/F.

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
�C� ���0�.
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�$H ������C1 ��:'
�Q���� ��;�6�,1��& �'(1'C�E,6#3/Q (6 .�!�
=�0F. . .�uu

?�%�4�*� 
���< �':EPMA �0 ��#C� FN�< '��#3 B#I�0F./2�K �
/I�� ��W,� .
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 �� �� �� �� 

�	�����
��#C��0F	�� '��#� =6�/2���� �!�#C� �� �,2FX,6 �0F
�.���]�n[���/*�KF/3;'I�/6 . ./2�K.:�#� . ./2�K F
$G'��
�3$G �I1'��
� VG!. ���#1)M�1nU�!.(/-�,% Ti �

Zr �Nb �Y.Sr /3/g7�
(!�H ��,,;�0����!&�2�0FJ!�#	 
��/; &!^�'_�0F�&'*S�6 (�U$*�� �2��C1 ����.� 

]�u��x[.! &! !��
� /-�,% (':!/2F+3''0�� ('��),6 �F
	��'� =��#6�/2��6! ��1 ���N*6! .�0 ��#C�F	�� '��#� =
6�/2�.�F�!�#C� i3''q!/ Zr/TiO2�2 �I�� ]��[��

�/*�KF��!&�2�0F$G �I1'��
�!/G ��K'��/)M�1��@.(
�0�!�#C�F3#I�,%���E,�2 ��1 �I�� �2REE 

��,;
�]�l[�3�K�1����< &!HREE .,A�K�1�&!
LREE .�#I�2���E,0FN,� �.
�I{� �Eu� J� � !� �
�0�)M�1��U�!.(/~,% �,> �!�#C� �� F��1 ��E,�2 

�*1#K �2 �I��F�.! '�]��[�',A :�K�1 �&!LREE .
�3�K�1 �&!HREE� ��0� � ��#1 .�3 �.a% �2�K�1 �

/-�,% &! �rTa� M2�GHFSE �,��� �Nb |S�1 �; 
�0�CK��F�*�2!.2�G J�C; ���!F��,0� J� � ��6! F�#�T 
�0&�	F�
.�T &!�K/FNb M^� �� �6! ��)*6�S .2���E,0F
�I{� /-�,%Cs .Pb ��f
Y< /g! /2 ��!#3 �CK�� �2 �!#� 

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

! 5�6!
�!�#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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�$H ������C1 ��:'
�Q���� ��;�6�,1��& �'(1'C�E,6#3/Q (6 .�!�
=�0F. . .�u�

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�� 
Y�2F@/6 ��%F�2@/6 �!�
�9#'�=�.�^� �6! .�'&��2
^~3'�@/6 ��%F��!�.��!� �0FM-�T &!+3''(�I���0F

!
Q#3.:���#C� ��#� 6�/2��2].� LA-ICPMS OQ&!
^~3'�@/6 ��%F���Z6� �!�#C� Pb207/Pb206 U238/Pb206

��#� ���N*6! �!/G �*	/K �6!)B.�H�(.!
(��!�#C� (6
152±35Ma)6!�.9'� ='������G#	�(!�!/2F!�
=�0F

	��'=��#� 6�/2�J� � ���0�)M�1�0F��. @�(�;�2
�0!#1 >'�,6�,1���W,� .sm�,� �!#EC0 �!#�C0���!�.

L-  
.
Kb��0F�&'(1'C�� .':�0�!�#C� F!�H
f^�'�& _'(

*S�6�� J� � ���,0��H
�& ��)'(*S�6�� 3 '! M
(

X,6^� �2 ��0'����C; � Q _F���G !F�!#�C0���!� .�2
. ���*%!
J!���C0 . (�C$]��[1�� f ; �f�!�./	 &! 

Q'���./ F�/; X,6 FG!'6#���*3#R� '& �2 O
�/; X,6 /F
���G!F!
:;/� J!/F���#T J�1 &�2 �2 /E,� �0F*	�; �� Q 

f�2 �� J�C;�0F$S!� �!
:;/� J!/F�6! ��1 &/I�! .
)M�1��.(�CK��F	�� ' �2 @.c &! M-�T =��*1#K 
�'/N6#*F&
���G /!F/m &! 
�0��	 sF  ; �!
�� ��1 ��E
!
��#T (�*6!� �� �0F��$�K F��% F�0&!/3 �2 FY�2 �


+- �*6#Q!� q�#- �2 . ��/; �#
=
��#3 ��0F=>#; 
��'�H 5�
:)
��1 (�6! .��,>�CK�� ��1 ���1! àIG ��F

���&�6F!�
���F �2 @.c &! ��W,� ����3���-�� F

X,6 =��)*6�S�*1#K !Fd6! '/Q M,
3.�'*�\�C%! �� ��
�3���;'/*�#$F�
� �H . �#+- BaS �� . �*	/K 
:)
,�

6#Q ��;��! �!��� Ỳ�C*T! �*�K�#�< ��*6#Q !F
�6! �*	� .
��&�6 = C1 X,6 .�0F	�� '�� �J< �� �#H#� =��#TF
  ;�*	�; �� Q ��C;�!
��E ��1�; ��! ��&�	 !:0#;�

6'C'/
(Q' '�(� 3'��1 M�#2]������l.[i3''#)�! �� /F

�!�)2#6�F/3 &/� �� 
� 5�'����Y�2 �
i3 �2 ''/@#6��0F
#�6F3�,2/; �/3#�/Q 
5�)�0��&�6F/*1 F�! .'��(�2 e#2/�

�	�; �$T/�!&�
@#6� �2 �0F6'$'��/�3 
I����G !F/3
5�
��G#	�6!�.9 '� ='���)= C1 �./K (� ��!� J� ���#1 .!
(
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Aa2��G��-'C6�G �J��4E^� ��M�HJ!/
! �6�,1 ���; . �6�,1�#$2 �$E� F �xl

�!�S�!:0#; J!#,% �2 �
6'/C
&�A< (
	/+� (�/K . ��1 �.
5Y#� J!#,% �2 = C1OQ!:0#; &! �
!
�� ��!�S� (
=

��#TFQ'� 3 "#2 f'�6! ��1 M]�����[.!
��#T (&! �0
��#T L#��0FQ'"#2 f)Forland(�CK�� J�C; � Q �


�.�!'�,*�0 /*S� �.���*%! �2]��[/3 /S!.! �� �
5��!.! 
M
6!�.9'�*�2 B�I�� �2 �=G! J�1'*3#R��Q 5#��'O��#S/2 .

6 �#$2'C'/
()�#$2�0F�OIm �q#� 
#; . �:
��:2 /(�2
�6/	 �J!�#3 �G�.
/�3 . f
! �
��#$2 (��)*6�S$-! ���3 '(

@#6��0F�6! ��#2 = C1 ��&�6 .
���/*�KF@#�1! �0F6�<#3 '(�,�<'()6!�.9'=
��*^3���'���(Y�2 �/� �F�� �./	 )60 m/Ma (��o/% 
&/I�! 2#,H�i3 .''/6 q!/
f�2 �� f ; �H#� ������ V
��C1�!
J!/)��#T �	�; �$T/�F�&/I�! ]��[(�6! ��1 .

Q f�!�./	 �2 �*�2!. f ;'���./ F*3#R� '&�2 �2 /E,� O
��� J�1�
�0 ��#T F�� J�C; � Q �	�; �*6!�F1�T '�F

&!�#�
�6! ��1 �]��������[.!
(�!�S� �� �/*�KF���& �
��������'$'Q B�6 J#'f)6�<#3'(�6.9�2 '&�A< (
((

�6! �*	/K q�#-)M�1��(.6 �g��T &! OQ'C'/
� ('����
&!OQ6.9�2 &! '�Q (
���! B�C1 "�C3 �� �� �./	 �
J!/���2.� 

��1 B�+	)@#6��0F��
��
C%'�� ��&�6 s'��F(�!/C0 �2 .
�*6#Q f ;!FC% �H#� �'sI�� J�1 /3���#T F�2#6�
�6! ��1]�x[.�g��TF�	�; !&�
�2 /E,� �J�C; � Q 

!
��#T ��EF�� @#,H 
�F�:S ]��[� 3 .'�� &/I�! M
1�T'�F2#,H ��� J< �/*�KF���& ���������'$'B�6 J#
Q'f)6.9�2'�Q (
����6!�.9 'Y�2 =�
(�6! ��1)M�1

��(.�2&�I�1 ���*%!FJ!���C0 .]�[��6!�.9'=�'����
�G�. G!'6#���*3#R�'O�2&
/��/S ���GF!
J!/ :;/�F

f�!�./	 �*1!� .�*6#QF���G!F! J�C;
:;/� J!/F�^3 
g�3'/9�
Z�&'(*S�6�C;!/3���#2 �6!.�0�CK��F	��'=

���� ���*6!�F!
)*��1 ('��.�0��	F  ;��2J.�� 
�*6#Q �#+- ��/; !� .
=��#3 . �0�0F>#; �� ='5�	��'=
! !�
��! ��/; ��E)M�1�l(.M�1���& B�� '*S�6 (�
��C�
!/2 ��1 �8!�! (F)�#)>�� 3 '! M
��#T (. �0

3�CK��'Z��2 �*�2!.6!�.9 �� J< '� ='������G#	 �J� � !� 
���0�]�l[.X,6 �0F	�� '�,�!� �2 =F,6�J.& �� �2� � 

t�,,6�6'��1 ]�!:K J�H/H &! ���!(6 �$C �0./2�KF��#�! 
�2 ].�U-Pb �166.5 ± 1.8 Ma ]�!:K �1]u[.]x[
��+	'��CK���
��3#; 3���!����/*�KF���&�169-172 

Ma �� e�I3�! �2� 3'M�%#CE�F�!/K '8#*'�F�/H./2 
]�!:K ��/;��! .!/2F�!/K '8#*'�0�F�!/K#;#�'*�)CE�./3'�-

�0F(�%#CE� �#GF��f�2 #,H2�J.& t�,,6 �6'J�H/ 
�2 ].� U-Th-Pb .�F&
�(;/ (60.76 Ma±147.4�8!�! 

��1 �6! .(6�0F!/2 ��1 �8!�! F��#3 �0F�!/K '8#*'�F
t�,,6 J.& �� U$*�� �6'! . J�H/
:;/� J!/F2'/)��.�
�!� 

3�CK��'/*�K Z���! �� 
(�/*�KF���&��6! .�/*�KF
,6�2�!/2 ���< �6�F��#3 0�F	�� '��#� =6�/2�

)(152±35 Ma��W,� �� F� /I�� '2 :�3�CK�� 'Z��2 �*�2!. 
��#T �� f ;�0FJ.& J�C; � Q �0F!
:;/� J!/F&/I�! .

���/*�KF���& �6!�.9 '� ='������G#	 ��6! ��K&�6 à��; .

?�%�6�*�
+3 &! M-�T �''�I�� (�0F!
Q#3.:�(6 .�0F�2 ���< �6�2 ].�U-Pb.�/2 F3�Q< '��#C� �� �#H#� ��0F	�� '/I�� ��W,� =.
Sample

Spot 
Pb207
Pb206 1σ% Pb207

U235 1σ% Pb206
U238 1σ% Pb207

Pb206 1σ% Pb206
U238 1σ% Pb207

U235 1σ% U238 
Pb206 Err % Pb207

Pb206 Err % Age207Pb corr Age Err%

B34-04 ����/� ����/� ����/� ����/� ����/� ����/� �/���� ��/��� �/��� ��/�� �/���� ��/�� ��/�� ��/� ��/� ��/�� ���/��� ����/�� 

B34-01 ����/� ����/� ����/� ����/� ����/� ����/� �/���� ��/��� ��� ��/�� �/���� ��/�� ��/�� ��/� ��/� ��/�� ���/��� ����/�� 

B34-19 ����/� ����/� ��/��� ����/� ����/� ����/� �/���� ��/�� �/���� ��/��� �/���� ��/�� ��/� ��/� ��/� ��/� ���/��� ���/��� 

B34-18 ����/� ����/� ���/�� ����/� ��/� ����/� �/���� ��/��� �/��� ��/�� �/���� ��/��� ��/� �/� ��/� ��/�� ���/��� ����/�� 

B34-11 ����/� ����/� ���/�� ����/� ����/� ����/� �/���� ��/��� �/���� ��/��� �/���� �/�� ��/� ��/� ��/� ��/� ���/��� ����/���

B34-06 ����/� ����/� ����/� ����/� ����/� ����/� �/���� ��/��� �/��� �� �/���� �/��� ��/�� ��/�� ��/� ��/�� ���/��� ����/�� 

B34-14 ����/� ����/� ����/� ����/� ����/� ����/� �/���� ��/��� �/��� ��/�� �/���� ��/�� ��/� ��/� ��/� ��/� ���/��� ����/�� 

B34-03 ����/� ����/� ����/� ����/� ���/� ����/� �/���� ��/��� �/��� �/�� �/���� ��/��� ��/�� ��/�� ��/� ��/�� ���/��� ����/�� 

B34-02 ����/� ����/� ����/� ����/� ����/� ����/� ���� ��/��� �/��� ��/�� �/���� ��/�� ��/�� ��/� ��/� ��/� ���/��� ����/�� 

B34-17 ����/� ����/� ���/�� ����/� ����/� ����/� �/���� ��/��� �/���� ��/��� �/���� ��/�� ��/� ��/� ��/� ��/� ���/��� ����/���

B34-22 ����/� ����/� ���/�� ����/� ����/� ����/� ���� ��/��� �/���� ��/�� �/���� ��/�� ��/� ��/� ��/� ��/�� ���/��� ����/���

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                            10 / 14

http://ijcm.ir/article-1-228-en.html


�$H ������C1 ��:'
�Q���� ��;�6�,1��& �'(1'C�E,6#3/Q (6 .�!�
=�0F. . .�x�

27�MU�! �#~3 
/Cl 3�Q< '��0F��1 @��*�!!/2F+3''�I�� (�0F!
Q#3.:�+3 .''!� (6 (
=�0F	�� '��#� =6�/2�.@��!�#C�
Waighthed average !/2 F!� ��#C� 
��#� =6�/2�.���!�#C� Tera-Wasserburg Concordia)Pb207/Pb206 versus U238/Pb206 (

!/2F!� ��#C� 
��#� =6�/2�.

27� ,NB�� �&'*S�6 (��8!�! ��1 !/2F�H
��) �&'*S�6 (�� 3'MX,6�0F��#� 6�/2�/25�6! B�� �8!�! ��1F]�u[�2i3''3!/���
�$T/�Fc.

K����  
E,6#3/Q (6�0./K �!� &! 
=�0F	�� '��W,� =F�2 /I�� 

].�U-Pb.� F3�Q< '�2 /2!/2 ��152±35 Ma )6!�.9'=
�'������G#	 �(�2 �; ��< �6� �2> _2!.�'*S�,1 �,�J<�0

X,6 �2�0F�'à��; J�2:�!#�C0���!� .�CK��F���&�6 !
(

!�
= �2 @.c &! �0��l�3�l�-�� F
d6! �*1#K ='M,
�.&/�'*���
#T =��F  ; �*	�; �J�C; � Q !
��E

/m &! . ��1
�0��	 sF  ; �1�� �M�K �/�$C% &! �0F
��%F�6! ���< Y�2 .!
*	�; ��#T (�&./2 /g! �� J�C; � Q 

���G �/; X,6 �� f ;!F!
:;/� J!/F�".!�3 /g! /2 &/I�! 
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Aa2��G��-'C6�G �J��4E^� ��M�HJ!/
! �6�,1 ���; . �6�,1�#$2 �$E� F �x�

G! �/; X,6 B�C1 �2 .� f�!�./	'6#���*3#R� '& �2 O
J< /
!
! ��1 ��E�6.

����%.�
!
(�f0.bQ  �2�&!�*�
�2��6� ���< &!�/m  0.bQ��2

���C1 �lll�x�� �CT \.�,-
�&!J!/) 0.bQ ��.�+�
C$%��.�,	 .F�
�#�CH "/*^� �6�F�6!.!�� "&Y �#S/2
���!�'&! �; Z�CT
��0F��� F#,+� .F�#R�� 'J< "/*^� (

\.�,- � .':* Q &! '��I����&�! FT 0.bQ ��.�+� �&#�.
�.�,	F*+,- ��) �!� ��!:)6�d6 �./0�1 F,;'Z.

O���� 
]�[ CH '�F�.�"�+��W� 3�CK��'Z�	��'=��%�G ��&�6 

= C1 ��J.& &/I�! G/1�"�Q �
J����� 6�,1��;���1�! 
��� �!� "#$% �&'�(��) �!� *+,-��./0�1)��xn(.

]�[C6�G �IT'! �.� CH '�F�.�"�&'(6�,1�1#89 .'C�
X,6�0F&�2 
&/I�! J.& �= C1 ��&�6 ��%�G �� (����< =
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! �6�,1
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����^N-)��u�(.
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