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Ghazi et al. (1997a) 106-110 (Ar/Ar) 154-159 (Ar/Ar) Khoy N-NW 

Hassanipak and Ghazi (2000) 143 (Muscovite) 
   

Alavi (1996) (?) Pre Jurassic Rasht Zagros 

Lippard et al. (1986) Post-Campanian 95-98 (Ar/Ar) Kermanshah 
 

Ghazi and Hassanipak (1999) Pre-Maastrichtian 
   

Delaloye and Desmons (1980) (?) 86.3? Sahneh 
 

Ghazi et al. (1999), Lanphere and 
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89 Ma (Ar/Ar) 93-95 Ma (Ar/Ar) Neyriz 

 

 
Post-Campanian 96-98 Ma (Ar/Ar) 
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Lippard et al. (1986), Sarkarinejad 

(1994), Hassanipak and Ghazi 
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Pre-Paleocene 93-95 Ma (Ar/Ar) Naein 
South-

Central 

     
Campbell et al. (2000), Aftabi and 

Fathi (1992), Tucker et al. (2000) 
Pre-Paleocene 93 Ma (Ar/Ar) Shar-e-Babak 

 

 
Pre-Paleocene Upper Cretaceous Baft-Esphandagheh 

 
Ghazi et al. (1997b), Hassanipak 

et al. (1996), Desmons and 

Beccaluva (1983), McCall (1997), 

Ghazi 

et al. (1999) 

Early Paleocene 140-142 (Ar/Ar) Band-e-Zeyarat Makran 

   
Dar Anar 

 

McCall (1985), Early Eocene 135 K/Ar) Ganj 
 

McCall (1985),Desmons and 

Beccaluva (1983), McCall (1997), 

Hassanipak et al. (1996) 
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Pre-Paleocene Upper Cretaceous Iranshar 

 

 
Pre-Paleocene Upper Cretaceous Fanuj-makustan 

 

  
Upper Cretaceous 

  
Desmons and Beccaluva (1983), 

Lippard et al. (1986), Delaloye and 

Desmons (1980) 

Pre-Paleocene Upper Cretaceous TchehelKureh 
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Northeast 

Hassanipak et al. (2002), Lensch et 

al. (1977), Lensch (1980), Shojaat 

(1999) 

Post-Paleocene 52.4 (Ar/Ar) sabzevar 
 

Ghazi et al. (1999), Alavi (1996), 

Alavi (1992), Hassanipak et al. 

(2002) 

Pre-Jurassic 277-281 (Ar/Ar) Mashhad 
 

This study Paleozoic 245-187 Ma (Ar/Ar) Lahroud NW 
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��0 �()���)� (5� :-	 �� k��1��  �� A���� :-	

+&� ����   23�&4�O�N– O��bw�� � :-	 
��()��)�   O�N ��)&� ���� �–  ��b�  ��� s[#

 :9�) ?��2� ?(3 2  T@&8J� .(�
 :-		���'�� 
.�� /0 ���  A��B  ��1 28��		���/0 - �� 

� D>�C� :-	 ���8�� /0 � w�G��� ��.���� 

 A;�2 . �C?����	�@�� �� �� �(���,-(. �?)�� ����� �	�� ����� 1:100000 ����U  
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 A;�3. V�W ��?)�� �X�� ��43.� 	. ����SK �� 	. 4'� �	.4@ �V����.��(. ��43.� �����@ �*��+� �� �� V�Y�	�Z(�  ��  �C(�� 

[F� �� �� V����.��(. 43.� (\(. ./�. ��"C� /������ �� � �� �� A�4]K �����.� (1 ./�. �4� ����V� ��  � ����@ �	�����

�	.4@ �� �C(�� ���,-(. ���( .V�W (^ ��  /����"�( (� .&�< 	. ���	 ���.�K .�.� V�=R ) ���K ���2 1��P � ����P ����3 ��

�(���,-(. V����.��(.(  

  

_�� �����'(�)� ���� �?)�� � 

_�� ��  `�L�  

.�� /0 .�� :�� 2U[�� ����� 
��6I /0  � D�G�
 23�&4� 
�� �� �	�"  cd  2C ���8-/ D�G���8)��

�G����� :�9�1 �� �8�)�  ���� �4�� A!)[� K���  .���
.�� 
�� ?G  0���� / /0  +1���8��� � �@����	�8���

�� ��� �� 0���� �� 	8� .�2� �0  �� 0��G���
�C��G�?- /0 ) �=C��<=�70% -60) 
-C���� �(%40%-

307�I � �(%�+�F / )5%-0� (� ��  :9�) 4 n)�  �O .(
c� � �1.�� 
� /���'� ��yH1 ?S1 /0  ���	�	�

+�F�7�I)-?��9-�28G�	 ���# "�� (?-��  ?�)�F�7�I ����
 k��1 2U[��0����  � �����d8G� )1991� ( 
-J  ���

)2018 ( +�!� ��� � 28G�	 ���# 
� 
��!1 ����340 

 +� ���(�� 
������. 28��� �)��1 �0 ���8-	 ��Q 2  �0 
� :�9�1 /�� 	 �����1 A��5 2  2C ?�� 28G /0 

291 � D>�C T8F-� /0 �"4�  �9���891 0/���'� �y� ��
:9�) ��8-/ 4  �~���&�'� .( /0  �8���8����
.�� A��B  /0 �� �)��1 
�� �� ��� ��	�	� ^D�� ��8)

.��8-/ ��/�� : #  
  

1 - ����@  

���b 
�  28G�	 :9� �I �� �!  2C w�G �� 	8� �� �1 �
?G    /0  ?G    �� 	8� +1���8��� � �@����	�8���

�C��G �� 0��G���?-� 0/ ) �=C��<=�70% -60 �(%
) 
-C����40%-30+�F�7�I � �(%) /5% -0 :�9�1 (

:9�) ?�� 28G� 4 ~.(  
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A;� 4. _�� 	. � �;���;�� ����SK ��(���,-(. �*��+� ��\(.������@ ( 4���� V�.�� 1����@��� (� ^!.�P ������@ ( /�(���. �� �K 
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sQU� �q�� �� ��� p�9���9�� �{��� �{A!)[ 
.������ ���# ��8G�	 � M�� .��/ ����� ����	. 

8�� �� ��#+K ������� ICP-MS � ICP-OES  

 ���!123�&4� 
�� �� 2��&� ?7/ .���8'��  Od8��� 
�5�3 2�"41 0��   �C' ��� �5�3 � O�&C)REE �(  

z�� / ���&�� 2�"41 0ICP-MS � ICP-OES  ��
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��8G�	 �J .��d�1  �C' ��� �5�3 0�� 5/0  11 
������  ��� � O�&C �5�3 "�)�I \�8� .?�� ��� 

 �C'2  ]� �� .�� /0 b �� 2U[�� +��2  ����I
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e����  
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��N �� 0���� �	��LREE �� ���  ��/�
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�� 2C ���C  �� � ���  ��"&/ ��  /
28G�	 AH�� ��-9� ��&	� �����' 0��)� .���REE 

 :9� �� ?����	��<=� � �� 	8�6  ��� ���� ��� p

�� .?�� ?)��  A����� 2  /��)�  ���&/ 2  ��� 	 � /

��N  �5�3 �� �	��LREE ] �-9� TF��U1)LaN/SmN (
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�����  59/1 0��)� � [Eu ] ��8-/ 2 ��)Eu/Eu*( 
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���� 
���� Y�81�,)� ��� ���#
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�� �� 0�
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���� 
���� �'���
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�� .���� ?��# ��	�I �4�� 
�   / - ��	�I

)40Ar-39Ar( =F���/ 
�   ���� ?�)��G� �� �� 	 ��
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<=�����	��? /0 
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C��� z��
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382-380  2U[�� ��4�� ��� ?�)��G� �� +� ���(��
.(�����  2!)[� 
�� �� 2C ����	 �d�� A ���

  �(�C T8F-� �)��1   �7��� �C 28��� /0  
���� ��
��8-/ ]F1�� ��o� /�7������G �� �'�  ��b� .

�� ��@�8-91�,)� 2��&� /0  ����  2!)[� ���� z� 
OI ��b� /0 � �  0��� ��	� �� 2��	 �� . /0  M��8�

� ��-G��9�: /0  
���� � �7��� �C ��� 2  L(!8�
�� ���1  �� �'�  2 �'�0/ :;��&� ���� ���  

 Earlandia, Nodosinella, Endothyra baileyi is 

probably synonymous to Globoendothyra baileyi  

(Mississippian/Carboniferous), Pachyphloia, 

Paratikhinella, A piece of Fusulinella (Staffella), 

A piece of Bivalve, Paleotextularia sp., 

Endostafella, Nodosinella cf. cylindrica, 

Nodosinella cf. concinna, Pseudokahlerina sp., 

Laxoendothyra, Nodosinella sp., Pseudokahlerina 

compressa, Pachyphloia ovata. 
  
  
  

  

 A;�5 .���� � 1���� �Q��* �.���� ����� �� ���I �� �4� ��+�,� ��(�. ����@ �� /]"� �� �(���,-(. �*��+�  .4�.  

  

  
A;�6. �4�� �� /]"� �� ���I ���� �Q��* �X(./� �� ���4f � !.�P ������@ (\(. �/�. �4� ��+�,�� /(.	�� (1  (^ ���	����� � ��

�+���� �� /��.�@��=R � ��  E�R� � /]g�  
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 0�4P2. ����� �� ���I ���� �Q��* ������� #�(��W �� ���F��. �(���,-(. /�(���. 	.  
Sample 

No. 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Unit 
pp

m 

pp

m 

pp

m 
ppm 

pp

m 

pp

m 

pp

m 

pp

m 

pp

m 
ppm 

pp

m 
ppm 

pp

m 

pp

m 

Oph15 2.9 8.2 1.2 6.18 2.2 
0.7

8 
3 

0.5

2 

3.6

6 
0.8 

2.3

5 
0.35 2.2 

0.3

2 

Oph21 
22.

3 

46.

8 
5.6 22.2 4.8 

1.5

8 

4.4

5 

0.6

4 

3.8

8 
0.76 

2.0

5 
0.3 

1.7

5 

0.2

6 

Oph22 
24.

3 

46.

1 
6.2 23.1 

4.7

8 
1.6 4.6 

0.6

4 

3.8

2 
0.78 

2.0

5 
0.3 

1.8

5 

0.2

8 

Oph4 
19.

5 

40.

1 

5.2

5 
21.7 

5.4

6 

1.9

4 

5.4

5 

0.8

6 

5.8

8 
1.14 3.2 0.45 

3.0

5 

0.4

8 

Oph7 
40.

6 

79.

1 

9.7

5 
38.4 

8.5

8 

3.1

2 

8.0

5 

1.2

2 

7.8

4 
1.46 

3.8

5 
0.55 

3.3

5 
0.5 

Pi-BAS 
12.

7 

26.

4 

3.8

5 
16.9 

4.8

6 

1.6

6 
5.3 

0.8

6 

6.0

2 
1.16 

3.3

5 
0.45 

3.0

5 

0.4

6 

Plgr 45 
83.

9 

9.7

5 
34.2 

7.0

4 
0.7 5.8 

0.9

8 

6.1

6 
1.28 3.8 0.6 4.1 

0.5

6 
  

  
 A;�7. \(. Paleotextularia ()Pennsylvanian(1 �(Nodosinella cf. concinna,  )Mississippianh �(( Endothyra 

baileyi (& Laxoendothyra.)Tournaisian to Visean(i �(Earlandia (Pennsylvanian, Carboniferous), �

(^Pachyphloia (Middle  (j  Nodosinella cf. cylindrica (k Bituberitina.  ����K l��?������ �� 5  ��� !��;���� .4���  
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 0�4P3. .#P. _�� �� ��P��&�< � V�=R  V�W �� �(���,-(. /�(���. �(.�K  
Reference Age Fossils Samples 

Brady, 1876 Upper Mississippian, Carboniferous Nodosinella cf. concinna Oph2 

Brady, 1876 
Upper Mississippian to lower Pennsylvanian, 

Carboniferous 
Nodosinella cf. cylindrica 

Oph3 

Hall, 1858 Mississippian, Carboniferous Endothyra baileyi 
Oph6 

Rozovskaya, 1961 
 

Endostaffella 
Oph7 

Ozawa, 1925 Pennsylvanian, Carboniferous Staffella molleri 
Oph11 

Maklay, 1965 Mississippian; central Asia 
Bituberitina bicamerata 

Miklukho Oph12 

Cushman & waters, 1927 Upper Pennsylvanian Paleotextularia grahamensis 
Oph13 
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Abstract 
The principal rock units are a gabbro sequence, late intrusive rocks that consist largely of the 

plagiogranite and volcanic rocks, which are largely pillow basalts interbedded with pelagic 

sedimentary rocks, including radiolarian cherts. Chondrite- and primitive mantle-normalized 

incompatible trace element data indicate that the Lahroud ophiolite was derived from a within plate 

basalt-like mantle source. All rocks are cogenetic geochemically and were derived by fractionation 

from melts with a composition similar to average E-MORB with calc-alkaline signatures. Plate 

reconstructions suggest that the rocks appear to be approximately contemporaneous with the Mashhad 

ophiolites and Rasht ophiolite, which has a crystallization age of ~380 Ma. Rocks from the Lahroud 

ophiolite complex represent northern Paleo-Tethyan ocean crust that was formed distinctly earlier than 

crust preserved in the Ma Paleo-Tethys suture zone ophiolite from upper Paleozoic to Later Teriassic. 

The results from microfossil studies show the presence of Paleozoic biostratigraphy (e.g., 

Paleotextularia, Nodosinella cf. concinna, Pseudokahlerina, Cylindrica, Earlandia, Endothyra baileyi, 

pachyphloia, Fusulinella Stafella and Bivalve, Paratikhine). The data suggest that although the initial 

rifting and crystallization of the oceanic crust of the Lahroud ophiolite began in the Carboniferous, 

with volcanic activities continuing through to the late Triassic. 
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