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������������ !�"#$%���&$'����()��%�*���+�%��,-./�0��1�23(45%�6��7./�89%�('�:��%��#�"��9#�!�2,)��1�";�$��7��<*4)$�)�% –�*4):�$�=������>/�()��%
���1�"%��?�4@1����74A����6-B��#��!��%��()��%�*������"��9#�!�C���D��CE�:�F�-B�����"-��,-./�0��1�2�G(45%�6��7./�G�.��D�H�+�%������$D�#�G�4IAJH
���KL����:�(9��.�M�9#�!(L����
2N��G�����,-./�0��1�M�@OP�:�(L�����2�
�G:�'�G(45%�6��7./�M�@OP�+(9.��"1�64-J�����G(45%�6��G�.('�:���1����
�C�H�:��.����:��QRS�T�A'�"&�U��VW%�
�#�:����������>/�()��%�,-./�0��1�:�G(45%�6��7./�G�.('�:�+()����0$A9D��*B:��:�C�4��G�.���U����"#:�9��M�$L��#
��D�H��%�?�%���#��!��%��C(B�"��%�9B��1���$�������$A)�?�%���#�C�4H�(1��#��%�"&�U���K��G�.�"%��#����+�%����������S��Q;�W1���$1�0��4I)�D��N�C��AB
�G�.��D�H�
��AB�?�%���#�3��(1�"X9%�*%�+�%��Y�:$-)Z41�(Long Eccentricity)��;�%���[.�\���:�(Eccentricity) �;�%���[.��

�](Precession)��;�%���[.���2��
��QRS�T�A'�"&�U��VW%�G�.��)$A)����M�9#�!(L���M��44^������$A)��#��.��D�H�*���+�����")�$_A.�G��I)��94H������G�.�C�������C(1/��%����#�*%��#�Eccentricity

�+�%��`4OW��6#�S�[4)��.����:

Y�:$-)Z41�G�.���D�H�]"���I4����%�$R-4%�]�����>/�()��%�7
��68���!
'�
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��!9��:(
��! ��%� �"��9#�! �G�.�89% ��� ��.�"�E�: �*����a;�b ��� �"-� �74A��� �M�#$%�
�]���c�d!�"���������9#�!�G�.�$-%�]7�cZ��"A.����7�cZ��"������G�.�e4K1���
��H ���� � �.(Einsele et al., 1991) ��$B�"1 �64-J� �G���H���� �3�.�e4K1 �: �0$�U
��� ��f)/ �
���� ��1� �]�$B�"1 �C(�� �"%�9B�*41� �G�.�C�:� �T�A� ��� �M�#$%� �*��
�89% �3�.��D�H �+(Westphal, 2006) ��%� ���J4# ��.�C�:� ��I�� ��# ��O�) ��%���!
�>:�9��M�$L��#�:���1������1�"�)�%�G�.�?�4@1����,-./�0��1�2G(45%�6��7./
�CE�$# �74�:�:[1 �G�.�89% ��� �0�:��� �F�-B� ��� �M�9#�! ��� ��4@� �: �"9g �G�.���U
�����.(Wendler et al., 2002)��%���%���!�7�cZ��"A.�:�7�cZ��G�.�89%���
�G��AB��1� �]�%���C(J) ���D�9B �"�%�� ��# ��.��D�H�*�� �64-J� ���!:��% ��$9. ��H
�()��C(B �C��� ��O�) �Y�:$-)Z41 �3�.��D�H ��� �*41� �G��(1 �M��44^� ��# ��f)/ ���
�hD�H��%(9. ��� �di91 �M��44^� �.(Weber et al., 2001; Wendler et al., 2002)

�di91�G�.��D�H�:�"��$.�:�>/�M�)�%$)�jk�#��!�(4B�$D��:���#�0/���(1�:�*41�
�G�.��D�H �: �"���I4����%�$R-4% ��Q;�W1 �G�9O1 �]�$B�"1 �?�4@1 �7H$! �"#$%�

�+( Yilmaz, 2008; Yilmaz et al., 2010F�l1�3��#=��%��Y�:$-)Z41
�h4#�:�d!=�Eccentricity�6-B��%��#�,)�1��3�.�C�:��?�%���#�G��(1�M��44^�
�0$4R41�:��:��;�%���[.���

�]�;�%���[.�\

�G�.�C�:�����*49mA.�:��;�%���



�d4�@��<F�%���[.����������*4#=�Precession�:�<�;�%�\\


��:('= Obliquity�]<�;�%
+(De Boer & Smith, 1994; House & Gale, 1995; Skelton et al., 2003) �$B�,1
�: �(4B�$D �h#�� �0���b ��� ��44^� �aO% �*41� �3��(1 �3�.��1���� ��� ��44^� � � � � � � �
�����I# ��4no� �M�#$%� �3:� �()�$��,1 �: �C(B �"��$. ��:��>/ �C(4m4� �G�.$I;� ���X��
�:��.������AX)��:�>:p��#��X91�()�$��"1�]0/��#�0:[���+ �(Hennebert et al., 2009)

��Q4OP�]h��%���:�"����$.�G�.(9������#��4no���#�:�C(B������>/�VW%�M�)�%$)
��# ��I���3$%����.(House & Gale, 1995) �(.���44^��[4)����G���I#$%���k�%�:
�*41��";��4#�����(1��#�q�O��������!��<Fifth Order=dX9���O��1�G�.��D�H����C��5�%�
(Williams et al., 2002; Gradstein & Ogg, 2004) ()����[4)�,�U�#��S��:�(9��.
��� �0�1� ��� �,@4S� �>$H��H �0�$��"1 �]G��I)��94H����� �G�.�C��� ��# �0/ �`45R� �: �

�+(Fiet et al., 2001; Abdul Aziz et al., 2004)���!��r����,#$%��3�.�";�$�
�3�.�?�4@1��#�,-./�0��1�:�G(45%�6��7./�89%�>:�9���!�*����#��b$���#
�s(.�]:��*������]�%������$D�#�"#$D�
�������������>/�()��%������1������1�"%�
�M��4no��"%��#�:��.���U��t:��*���G���I#$%��e���B��Q;�W1�]`4@K��*���T�X)����

+�%���f)/�64-J���#�Y�:$-)Z41�G�.���D�H�";�A�'�

#"
;<�2
���=
>0���:?
�C�H�:��QRS�T�A'�:��.����"&�U��VW%�
�#�:����������>/�()��%�]h.:E���������*�����
�
�# �+<�6-B= ��%� �C(B �"%��# ������ ! ��&$' ��:�D ��� �0��4I)�D ��N �C��AB
�: �G�:�D �F$P���o �\N' �
�" �: �,;�AB �u�k�No ��N' ���" �M�v�_1 ��# ��QRS�T�A'
�0��%�fB�G��1$R4!��
��RL������MZ!�2�(fJ1�C��b��4�1����]��1����	��G��O�%
�: �,;�AB �u�k ��No �
�' ��
" �M�v�_1 ��# ��.��� �
�# �+�%� �C(B �wS�: �MZ!
����xD�%�2�(fJ1�C��b��4�1����]��1�N\
	��G��O�%�:�G�:�D�F$P�N
o�\\'��N"
�G:���#�a4B�d.�M�$L��#������>/�()��%�+��������S�():��[1�G��1$R4!��
��RL��
��Q;�W1�?�%���#�+�%�����������S��R��>/�()��%��������:��41�����()��%�3�.�89%��%�1
;������]����"�(':=��%��C(B�*44Q��*4)$�)�%�2�*4):�$��()��%�*���*%�]0��#�0�:�
�7./ �89% �('�: �� �G���� �
�# �:� ��. ��� ������>/ �()��% �+<Kalantari, 1987

�d.��� �")��1 �:�"R4B�M�#$%���� �,fb$���6#�S �G��O�%�e%$���!��%��G(45%�6�
�F$P�:��No���'���"�"��4���^b�u�k����[4)�0��4I)�D��N�C��AB�C�H�+()$B�"1��(b
+�%����1�\���C�H�*�����������>/�()��%�G��O�%�+�%��wS�:�N
o�\�'��N"�"��4���^b

�>-
@��A���:B
��Q;�W1 ���$1 �"KW%�G�.�0$A9D� ��� �C(B ��B���# �G�.��)$A) ��(�#� �]`4@K� �*�� ���
�: �3�$) �3�.�y$-%:�-41 �e%$� ��.��)$A) ��Q;�W1 �+(9�������S �,%�9B�>$%�
�+�%� ������ �T�X)� �(fJ1 �,%:��� �C�IJ)�� ��� �(LEO 1450VP)  ,J#:� �,):��-;�
�0��1 �2G(45%�6� �7./ �89% �3�.��D�H �>:�9� ��� �C(B ��B���# ��)$A) ���
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����� !"#�$�%�&�	'()�(�*+����,-.�	/0�	1 2����'��.�3-�.�45�6"3���78-(9��-(��- :!��

�")�: �
:� ��# �<�.��� �
�# ��� ��)$A) ��\ �: ��QRS �T�A' �
�# ��� ��)$A) ��N= �,-./
�(IR)�6'��6#�S�4g���$1���(@1��I���M��Ok���#����M�9#�!�0�[41�+�%��C(B�G��1�"�R!
�e%$��$J��B��#�
�#�:���.����,-./�0��1�2G(45%�6��7./�G�.���U�t:����
�G��1�"�R!����C(1/��%���#�IR�+�%��C(B�G�4��C��()��(L����
�7��(��R!�(4%�
�*44Q��*49mA.�:�M��p�C��()��*44Q��G��#�],-./�0��1�2G(45%�6��7./��)$A)���
�,%�9B�>$%� �C�IJ��1�/ ��� �Particle Analaizer �
:� ��# ��R4% �: �?� �")�:���
��R4%��# �?���O�) �M��44^� �:�C(B�"X9%��)�� �3��%�"������,%�9B�*41��0�1��%
��#�J��64;���#��!��%��G�:/�����#�T�U�+�%��C(B�*44Q��"��9#�!�G�.�6������$b$1
�('�: �3��1�,�R! �e@� �]�Q;�W1 ���$1 �3�.�
�# �3(45%�6� �3�.('�: ��� ��.���[X�
��r��� �64v5� ��# ��QRS �T�A' �
�# ��� �,X9%��)�� �: �,&�U� �VW%�
�# �:� ��. ��� ��
�C�H�����1���$�������$A)����"#$%��G�.��D�H����̀ 4S��h��A)��$i91��#�+�%��C(B
��� �M�9#�!���(@1 �M��44^� ��# ��.�C��� �*�� �: ��%� �C(B�C��5�%� �0��4I)�D��N�C��AB
�C�:� �?�%� ��# �G���I#$%� �*4I)�41 �z�) �+()��C(B �����@1 �"&�U��VW% �G�.��)$A)
�*������C�4H�G�.�(1��#�+�%��C(B���:/�#�()��%�G��O�%�:�*4)$�)�%����*4):�$��")�1�
�3�.��D�H�"1�A��:��O%�K1��1���$�������$A)����74���.�G��O�%����C��5�%���#�()��%
�"X9%�0�1��G��#�:�C(B�
��AB� Long Eccentricity��Eccentricity, Precession

��S���$i91��#�
:��*������+(9��������S�C��5�%����$1�"���I4����%�$R-4%�?�%���#
�74-5�����x��:�C(B��#��#��
��1���$�������$A)��(�#��]C�4H�3�.(1��#�74-5��3U�#
�C(B��������i)�����1���$������(@1�*���J4#����74��:��*4#��RL����D�H��.=��.��D�H

�+�%��C(B�C()�����#��4;:���4Q&:��#����$A)�C��()��C��#:��]<�%�

C,*�:D
�M�$L��# ��! ��%� �G��:/ �"�4R4% �: �,��9#�! �C���D� �:� �G���� ������>/�()��%
�G(45%�6� �G�.('�: �61�B �"��9#�! �C���D� �+<�6-B= �()��� �0$A9D� �>:�9�1
����G��O�%��#�,-./�0��1�:�G(45%�6��7./�G�.��D�H�>:�9������$D��!��%�
�:�74)$�-)Z��0��#�0�:��G:�'��C���D��*�� �+�%��C(B�64-J����1 ����� ���1�"�)�%
�+�%���5%��"�R!:�/:�$��#�]T��$94!��]?$1��%$9���G�.�C��D�:��$!���%��]G��{!
�<�4;$!$!=�"�4�R!�C(B�(b�M�K5L�:��$�$�4;$!$!�"�ZP�2G��C$fS�G�.�7ORb
��$P��#�G(45%�6��7./�M�@OP�+�%��C���D��*���C(9.���64-J��3�[b���I�����
�(calcisphere packstone-wackestone)��5%��"�R!�G�����0$��!:�20$��-��C(Ak
�����?$1��%$9�� �0$��!: �20$��-� �G�.�C���D� ���� ��� �: �<{;� �2�6-B= ��%�
�+�%��C(B�64-J��[4)�<t�2�6-B=�������"941����0$��!:�20$��-��:�<>�2�6-B=
���$1�3(45%�6��7./�('�:��%��.����,-./�0��1�:�G(45%�6��7./�G�.��)$A)
��
�2N��:�(L������2�
�3�����a4��� ��# ��.��� �:��QRS �T�A'�3�.�
�#�����Q;�W1
��4g���$1�:��.�M�9#�!�,)�:����(L���M��44^���.�OB�64;���#�+()����M�9#�!�(L��
�T$%�('�:��f9��a;�W1����-�����3�4�$Rb��$i91��#�:��.�
�#�*�������(IR)6'�6#�S
�7./�M�@OP�+�%��C(B��r������:�\�3�.�6-B����
�#�:���.����3(45%�6��7./
�8)���#�:�(91:�@1�"����$.��#��#������J4#�,��9#�!���$1�*�B����P�D��#�G(45%�6�
�,-./ �0��1 �G�.���U �0�41 ��! �";�' ��� �()��� �0$A9D� �*B:� �G���!�D ��� �(45%
�+�$B�"1�C(���C�4��G���!�D�8)���#�0$A9D�����:�C�$#�3��J4#�?��:��R4%�3:�'
��.�OB �G(45%�6� �M�#$%� �C(9.��64-J� �3�[b�  SEM �G�.�"%��# �?�%� ��#
�G�.���%$� �3���� �|�%�%� �:� ��. ��!��G�$P���# �()��� �,-./�0��1 �M�#$%���# �G����
�(9��.�"-./�0��#�0�:��:�"-./�G�.��;cZ�$9����]<��2�6-B=�"-./�0$�-)Z�$)�)
�M:�5�1�G�.��O�)��#�";:��R4%�:�?��C(Ak��$P��#��f)/�G��:/�M�#$%��M��p�:
����")��1�:�,��9#�!�C���D������$b$1��R4%��#�?���O�)�:�IR�M��44^��+(9��.

��QRS�T�A'�
�#����M��44^���f9��N�6-B����:�C(B�,%��#��Q;�W1���$1�
�#�:���.
�G(45%�6��7./�G�.�C���D��G��O�%��Q;�W1���$1�
�#����+�%��C(B�C����0�J)
�G�.�C���D���!�";�'�����<��1�\
������*4#=��%��d!�
�#�6!�G��O�%��#�����@1���

�+()������1��

2�
�*4#�G��J4#�G�.��O�%�")��1
�+�%��C(B�64-J��64B�G����@1�:�0��1����C(Ak��$P��#�G��:/�"�4R4%�C���D�
����M�9#�!���A!�����@1�+�%���44^�����(L���N�2�������.�0��1�*���M�9#�!���(@1
����:��������h.�!�M�9#�!�G���I#$%��"O�)�0�[41��!�(.��"1��0�J)�")��1��C���D�

+�%��������h��[���0�1��0/���[����)���3�.�G��:/��:�:��!�*��
�0��4I)�D��N�C��AB�C�H�����1���$�������$A)�]�.����:��QRS�T�A'�
�#�:���#�0:[��
���������S�C��5�%����$1�](orbital cycles)�G��(1�G�.��D�H����̀ 4S��*44Q���$i91��#�[4)
��.�")�!����$4�!�$������L�9k�"Q4OP�G�.�
����]�1���$�������$A)��!�*���64;���#�+�%�
����d4%��� �CE�$# ��L�9k�*�� �: �(9!�"1�x-Q91 ��� �d��$� �:�d4)��:� �]d4%��� ��RAb���
�G(45%�6� �7./ �M�@OP ���; �](9��. �F:�(�1 ��.�G�4_O� �"D�# �: �"%� �G�.�")�!
�,-./�0��1�M�@OP��!�";�'����+(9.��"1�0�J)��1���$�������$A)����G��A!�M(B
��(Liu, 2007)()����G��J4#��1���$����(Cant, 1992)���J4#�?����(@1�*�B���64;���#
��.��D�H�*44Q��G��#��C�������$P��#�0�$��"1��f)/����M:�5��*����#��b$���#�*���#�9#�:

.(Wendler et al., 2002; Scott et al., 2004; Weedon et al., 2004)��!�C��5�%�
�G�.:�4)��4no�����"A4@��1��)�J)������>/�()��%����7./�2,-./�0��1�>:�9�
��� ��� ��9���� �G�$.��: ��>/ �e���B �M��44^� �()�$��,1 ��! �3�$P ��# ��%� �G��(1
��4no���K��"��$.�: �>/�M��44^� �+(Bellanca et al., 1996) �(.���0�J) �74�:�:[1
�74)c$4#�G�[b������44^���#��X91��f)/����6L�'�"Rv��M��Z�D��:�3��(1�G�.:�4)
���(@1�:�}$)�](Rodriguez-Tovar et al., 2010; Wendler et al., 2002�F�l1�3��#=
�G�.(1��#�*44Q���#�+�%��C(B��f)/����M�9#�!�")�:����(L����44^��:�G��:/�M��p
�z�) �M��44^� �0�$��"1 �]3��(1 �3�.��D�H ��# ��f)/ �~�OW)� �: ��.��D�H �*�� �C�4H

+����0�J)���f#��H�.��454!��#���������>/�()��%����G���I#$%�
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Abstract

Tehran is the largest and the most populous city of  Iran that have been recently regarded from the risk management point of view because of possibility of the 

earthquake damages. An important destructive phenomenon that may happen in Tehran during an earthquake is liquefaction.  In the last two decades, liquefaction 

of Tehran, especially its southern part, has been extensively studied. These studies are done in different scales and also with different methods. The goal of this 

paper is consideration of the most important studies which have been done in Tehran up to now and present a practical conclusion. The above mentioned studies 
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liquefaction potential for every square of the network is evaluated. Finally, liquefaction hazard map for this part of the city is presented.
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Abstract

Ab-Deraz Formation (Turonian to Santonian) is a marly - Carbonate sequence and consists of three marl-chalky limestone intervals. This formation widely 

crops out in Kopet-Dagh Basin in NE of Iran. Chalk and calcareous marl couplets show decimeter to meter scale cycles. Carbonate content of chalky beds are 

80-95% in rhythmic couplets, and about 65-80% in calcareous marly beds. The Ab-Deraz Formation is studied in two Hamam-Ghale and Padeha outcrops, and 
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cycles including the long eccentricity (413 ka), eccentricity (100 ka) and precession (21-23 ka) cycles. Biostratigraphic age determination based on foraminifera 

is comparable with orbital chronology calculated by eccentricity cycles counting. These cycles are also correlated with carbonate contents in studied sections.
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