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���������2  ������ ���3  1*- �123� $ �3�1�) %�������) )��	%�� ��4��5 	 67�89 �� �:� $	�5 	��; $ <����89 
���� 	 =>%�7�)  $�?����6���@�% ������� )=1A% �����B ))    :C��	��<D� 63Em.bashiri@torbath.ac.ir  2- F�G  �%� H���%�;�%��I= )J�1; KG ������ 6;�� )=1A% �����B )�����  3-  6��� � ��>1�G $	�5 H���%�; 
������ I;�� )������� L9�����M���D�� ����� )���:� $�?���� )������     :6N��%� O�%��08/10/97  :R��SE O�%�� 10/04/98     �����       >� T35 =�4 ����N�(�� �>M���F�% �� �; 6��  E�$ ��4�   ����4�>�M�%�� U�8�%� $>�D. M��>� 	% >	�� %� �W��� T��1� �X� >� �4�5G T35 �4� �WB�E L9��� 6B��� 	�> 6���=  %� Y� 4� M�� �; �%�� M�� ��%�� J4	ZE$ � ��.  J4	ZE �(�� �A1@$�[\1[  �; 6�� ]E 7� >��� MT35�4= 1�1^_ )=��%�; )`��[� )6:! )a�� )b�'�%� =�4��c�� )�G% )=_1D1Nd��������� )J����N ))R% ��:E�4=  )��e�� f�B�����) gB���4= ����! 
% [) ��(�N 	 M��> =%�1�4�� )$��! >� )�4���G  ]� [�9h��F��� �G ]��	�� 	 . ���5  ]i� %1?D�`��=�4 $���	�;=  T���6B%��j�`� )T?�!N��j�� )����7�d����1� )���M���8���E%���� )��5%�1�C��3�!1D  	�<8�8j��  %� \��%�IN� R  =��� �4��c�� R>%� ������� 	R	%�4=  R>%� ������� =��� kW� `;��� 	 
��e9� R>%� T��� $��c��	� =%��GHe;�4=  ��c�� �4 ����>%� . � R>��� T35 b1[	 %� 6[���89 ��= %1?D�`���4  �� �����ROC  ��� ���� �;%1?D�`��=�4 T?�!N��j��  	 ���M���8���E%���� �� a���� ����� ��> kW� ��88  	86  %� �% ��<��� M���:�  (%���89 ��=  T35 b1[	 =�	%	 =�4��c�� =��8� ��  )�N��j� T?�! `��%1?D� %� ���! a���A �� 6��:� %� . �%�������4= ��:E ��= ��6��  �� `��%1?D� M�� a�;�� >� $ �GR	%�4=  =%��G $��c��	� ��:� 	 ����%�8���  �.  )`��%1?D� M�� L89�����a�  )b�'�%� =�4��c��f�B�����  M��> =%�1�4�� gB�� 	���:� %� �4����%�E M� . � � ��B��� T35 b1[	  ����>%� L89�����4= ��:E ��= kW� `;��� 	 
��e9� R>%� R	% %� )�����a�  �	 @52  	35   (%�T35�4  �WB He; %�B������>  ��N�5 %��[. M��>� 	% M��7� %� 
��e9� R>%� R	%��:E�4=  6[� T35 b1[	 �� H�3@�=����  .6��� �� �!1� )m���� �� R	%�4= $���	�;= �� ��1�� 6��� � %�  �'� =%�I�� �WB T35. ���5 �N�7�  M��n�4 �!1� \	ID �� �W��� =�4��c����	$Z�  �N��51E1� %� T@���1@ =��%�; ���c� 	 6��� � �A
%	�A �� ���.   ������� �����:  `��%1?D� )
��e9� R>%���89 ��= ����� )kW� `;��� )ROC.     ���	�  �7�1�  �����	% 	 =�:� ����� 	a!1� ��>	 �B�� %���4��==�4 �7�89 $ � �6�  )T35 �;;�@
� $�1��=  	�>M�RIcD  >�
%�3B�E��M� 6��:�G 	 �?�4\ �� 6��%�;= ���  %��`�3�=�4 �7�89 ���K �IN$ ��=� ��N�� �6� , 2009)et al.(Ilanlou  .�(���4= �7�89 ��D�T� 
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o1��-	 �����!�  ��7�(  �%��
%1(  	 ��;  � :� �%1� �'�;  a��F� 	) 6�� et al.,Gohardoust 2017 	 (EJ����� $ �  �; 6����6�� ����� c���
�� ��3�� %� 89�)67 �� B% T35 	 %�3B=�:� T(�@ >� �G ��7�� $���35��= E��    �;mahmoudi,  &Eyvazi -(Jedari 2001). �%��� =�4 ���E �W��� T��1� �B��  ����4 ��%�;= �A�%� )�>M������ _1D1N%1�1^_ 	=  �� b1[	 )T35 C�; ������ �� ������%=I� �� �;  
��e9� 	  ���>%�=  �%�> %�� � ������E 6� %� �^�%� �� 4� >� Y 4 .  =1?D� M��7�T35�4 )EJ�����  b1[	 ��<� E$ �=�4  ���� ����� 	 6�� �G >���  	 b1[	 �� �Xp� T��1���:E ��= ��3@���� �G 6=  K�F��� 	 �WB  7�3� L9��� g�F�� ��<��4= 3� )�7�1�  ��3��'� %��  �� ��� Anbalagan, ( 1992). EJ����� >��� % B��  T35 >�1��� ��J� ��7N ��� �Bh% )6�� M��>�	% �� ������� L9��� �3@H �� T35 ����1� ��  @�	=  >��WB ����  >���>	 �G =��51�! 1���. �M� 1A1�b G %�I�F���%= �� �!1� ��  4Y  %� �G ��!�= 6��� � 
��! 
���� �7�89 1!1��  %��A1@ 	 ��'��$� ���:�  >��:�G ��%�� ���1� , et al.(Ilanlou 2009). >���=�4 ����!�� ��j�[� 	=  �% T35����1�  �� ������%=I�  � 	��� 6�Xp� � )��� J4�;�	% M� T��� �4��< �	 ���L9��� %� �7�1� 6  7�3�)  	 �� �:� �1(� 6���%  �7�1��`�3�=�4  H�3@ L9��� 6B��� ��� .6�� %� �4  � ! \1�� >� $��'���  ��>����� ��� `�� )����% M�� %� . $���	�;=) ����� Y 4 ���� �41?D� 	 
�9�8�%� T��[`:N) )�8�7�  !�  	 ��%19 $1�D�� %�  ���1� $����4  . ���5 b� �� \1:'� $���	�;= T��� %1?D�`���4 	 R	%�4�� �; 6�� 
��e9� �% >� $����4  h��F����� �; , et al.Fayyad ( 1996).  M�� �?�� ���� ��R	%�4 $�%�4= E$���=>�� ���� 
�$���	�;=  . ��34�;���G>� %1?D� �4� `� =�%�� U���  
1[ 	 q7A6��� %� )�� M� M%1?D�`���4 ��:�� �1!	 M  �� �!1� �� 	 �%� �$����4 �%�; 	�� �r��%1��� )� %�I��  � � �4%�I���� @��9 a���� � � 	 $ � K�F����  �1� ��!� 	 , 2008)et al.(Ghazanfari .  =���I� $ ���<�C�=�4 $���	�;= T��� )q��F� \1�� %� �G ���%�;  =��5��� ��<��  	EJ�����  %� ��:�E =�41?D� q�; 	���$�4 �� ���. �	 ��6�=�4 ��(�  M���<�C��4  I��8W�L�=��SE )`;  >��� )�!1� T��[ J��� ��  �� `��7� 6����[ \ � 	 ���> �5 �n�E T^�3�  q��F� ��34.  �����%19 M�� ���%�; ��;R	%�4  J4�; 	 ��� �� Tj'� 
����� �� �?�3��	 J4�; a!1� 
����� ���I4 	 ���> )`�@���1� ), et al. Mahdavi 2017.(  M��n�4���?�4	ZE  �7�1� =����% %�R	%�4  	 �<�C�=�4  ��N���E$���	�;= 6[� �18:� =��� )��89 ��=) Re��4= $���35�=  \����$��� �� ), et al. Fathizad 2017.( 13�4  �� M������> %� J4	ZE � �>��=  	 ��:E ��=  �'��F� 
�7D�W� )�7�89 
��9�F�$ � \���� .6�� �� )%1�; >� h%�B %� ��1�� ��1�� 683� � � ���%�; ��	��N� ��5% 	�D �11�3!� C%� :����3@ ���� �� 6 �>�MRIcD � ���N��c! 
��e9� `�3���� �%���  � . ��  �	%	c����4�= ��� T<� )6:! )a��3E )a� ���	= )  6N��	 <4> )f�B ��1��� 	  b1� )f�B �Xp� 6��FA  �W[ )T?�!	 ��%�; 	 T?�! `;��� )6B%� M�=   ����N �� � �>��=��5% � � )�D �11�3!���� %� C� 683� �� �3 ��	��N�  =��o�� 6�(�% ��� ���� (Lee, 2004) . �X� d�� )b�'�%� T��1������ � 	� a ���>�MRIcD�4=  ME�_ �9 >����� L���5% � � 	� �3�D �11�3!���� 	 C� T 8���� ��3���  � �7D�W���� .��; ��� ���� m  T���� %� �8���� ��3�� 70   (%�%� 	 ��5%�D �11�3!� C63 �>  (%��MRIcD�4 ��3@ �� L9��� %�� %��[ o�� 6  �%�� , 2005)et al.(Ayalew . �����3 � ��4= ��	��N 683��  	 ��5%�D �11�3!�� >� $��'��� �� C� `�3 
��e9� N��c!����  � \����. ��%�� 6:! 	 � T<�� >� ��(�N )a D )$��!�_1D1�=) WB �A%�� >� ��(�N�  	��%�;=  ��� ���� %� �;  	���	��N 683� � �� ��5% 	�D �11�3!� C ������a 97/86 	 37/86  $�	 ��  (%� %� �WB�E L9���   ��34Sambath, 2006) &(Lee ;�� �� .�D��G a� I���5s� %1?D� 	�N��j� T?�! `��)  %� ��W�� %�:t�4�^��t )� )M ��D�����3@ �r� >� �3���N 	 �� 6RIcD �%��� %1?D� >� 	� `�
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	�'��  (%� Norman, 2010) &Andre (. �n�4M� D���@� b1[	 683� ��� >%� 	���� c��  �t�)$� ��:E ��= ��� �;  � \���� ���:� ���� %� RIcD�m )J4	ZE  � � D���@� b1[	 683�� >%� >� ���� �%���� c��  �t� ��� ���� $� , 2014)et al.(Pourghasemi . 6��:� %�  ��%�� %�  �� RIcD 6���3@AHP  )���1� %����:�M�  T��1� T���  =_1D1��D 	 a����6��  � �G  � � 	AHP  
% [ �� 45/69 ) (%� ��:E�4=  M��F� �% o�� ���B 	 o�� �WB ��  �>Karimalis, 2017) &Papadakis (.  %�J4	ZE�4= ����>%� )%1�; TB�� R	%�4= )
��e9� R>%�  `;��� ��� )kW��T 8���� ��3��� �1! 	 ��E15 	� %� ��:E ��=  �WBRIcD � ����� %��\e ��� ����  R>%� R	% �; �; 
��e9��%�� ��:�= �%�� Karimi, 2011) &(Naderi . ��:E ��= �WB �>M�RIcD �� � ��4= ���e9� R>%��) ���;` kW� 	LNRF  %� �A1@ D�t<�	� ���� ��� ;� %� � � ���;` )kW� LNRF R>%� 	 ���e9�� ��a���� 79) 63 	 66 >�  (%� �A1@ %� $�	 �� �WB RIcD o�� %��[  �%��, 2011)et al.(Shadfar  .�n�4M� %� ��:E ��= �WB �>M�RIcD �� $��'��� >� R	%�4= SMCE  	AHP  %� I�F�G ����%�:t ����'4 	 =�4%1�;�N )=%���F� ��(�N >� )$��! T35 	  �4���G���:�M� T��1�  ��1� et (Ebrahimi , 2017)al. . �� ���<� >� ��DID>B���I�M ;�� =�4%1�� � 6�� 	 � �u� �uW��% %� �G =�4�:�� E Mu�89 $ ��G �7�a =�4 � ��	��N�6�� $  . =�%�� �����1400  >� �; 6�� ��7N T35  ���1936  >	�� v��� =�e��460  68X 	 �F�%�� �DID> 6500 6�� $ � �DID>. T35 �7D�W����G >� �4; ��1� � $>�D�>��  ) �%���4� =�%��� 66������� .��	> � =�4  ��1� �%	G�� 	 ��7N ��35$>�D�>�� ��T35 M�� �4 %�  ��1� ; J4�%�3B=�:� . ��� `:� �D�� 	 ���! ��C�  T35 M���DID> `r�� 6�3[ 	 6�� %��[�� �<��I� �W��% �DID> 	 �4 T35 =	%I;���� ��� [ =�4 �.  ��9��� %� ����4  �A1@$�[\1[ �;  =�%��T35�4= )6�� ���	��N ��7N��w 	 ��7N  �� �W��� T��1� �X� 	 �WB�E L9��� g�F��T35�4  %�  J4�;%�3B�:� %	�A�.63 4�5G�  T��1� J�� >��Xp� ) ��5� >%� %� `:�����  � %� 	 6�� �WB��� 	 ����� 6 �E �7�1���; J�� %� � = �%�� .�%���  x8��� T��1� 	 1?D�  T35 ����%1r�� ������� ) � � :� �%1� �; ��9��� ������� ��<��4= ��� M��= �7�1� 6�1<�$�5 � � ��%�;=�4��  ���� $�% 3� 	��4�= � �������_��� 	 	�= �!1��%1� ������%���I .6��  �; 6�� �N� 4�  � ��'5 �n�G  J4	ZEE�J	%  �A1@ %�$�[\1[  ��8�� ���������  �G �� .6��     
 ��
��
���  $%�&	 �"'	 $(&)	   �A1@$�[\1[  )%1�; I���G y%I� �A1@ J� >� �<�=1A% �����B %�  
[�	6�� $ �.  6@�3� �� �A1@ M�� 44120 ;�
������1�  
�j�F� M��12  	 ���[�58  �� �!%� 11  	 ���[�61  	 �[�� �19 �!%�19  	 ���[�34  �!%�  ��33  	 ���[�37  .�%�� %��[ �D��� z�� �!%� M�� �A1@  	 ���� >�����K�w  ���3��cN� �� {�� >� 	 ���3��;�� �� `4 T��� 	 6�� >��13  )I5%� 6��
e;%���= )�D 8�5 )  )]B��{G ��%� ) :�� )������� )d��63� )kD�(���G– 6�!���G )�N����-6���\�!1��:� )��8��� )- 
��; 	 >�B�� �� ��� )Ministry of Energy, 2015( .���:��M  ���% $1;�4=  	 ���� %�  �3�%�I4 �G����K�w  %� �1D���� 	 K�w .6��  b1��� %�21  T35 ��7N %������B1A%=  �; �%�� �1!	q�;�	%) 6���\�!)�1D���� )  )%�	I8� 6����z�  �� %1����� 	 ������ 	�i;|��  >� ��	%� 	 T35�4=  `:�6�� �G.  6�7A	T35�4=  6�7[1� 	 �A1@  T<� %� �G1 .6�� $ �G    �*� $+$ ��� *��,-�� $.'/   =��� )T����o��=�4 ���e9�� =��%�;  )a�� )�A�%�



1006   ��� !"�#�"�� ��������� �... He; )b�'�%� )6:! R	% ��) ������N  MPSIAC:  Pacific Southwest Inter AgencyModified   Committee)( f�B�����)($_�8�G R	% ��) `��[� )  @�	 �>M������) ) =_1D1N%1�1^_ }���}�=�4 �����5  �%� ����� ��(�N )(1^�N >� ��(�N )$��! >� ��(�N )�4���G >� ]� [�9 ) ��(�N >� He; )]��	��  )��%����:E�4= )��e�� gB�� =%�1�4�� ) M��>Terrain Ruggedness IndexTRI: (  	 gB�� 
% [ ) ����!Stream Power IndexSPI:  %� ( ��� x\��%�IN�= ArcGIS ��
%1( H%��=  T3<�E $>� �� �� 30  ���:�� . � �TRI ���� %� Ye�B�� b�'�%� �� �1�� C I;��=  �1�� 6�4 	�9�@�$ ��; �G )Sarp, 2014	 ( SPI T(�@K�A 	�> 6��Z��� %� �A1@ kW��� �� �G a�� ��� .  �W��%1  �8���� =���SPI ) 6�� $ � ��:���EWilson & , 2000Gallant(  �G %� �;SPI  )����! 
% [ gB��As 6@�3� $Z�	  	 (���) �A1@σ  �!%� a3@ �� a���� ���.  ������TRI  R	% =��8� �� I���^�%�  x�1� $ �Riley  	 ) ��%�<�41999 	 (�	 ��4= GIS  h��F��� T��[6��.     SPI= ln(�� ∗ ��	σ) �W��% 1                               ��8�= :��� �� Mo���4 �1[% � �� ) b�'�%� :DEM Digital Elevation Model (E 6[� ��� T3<30  �; 6�� ��� o L89� �<8� ��4���G�4=  ��>�� �� \� [� )��W��=  	 �A1@  ��> R��o���4 � ���o . � >�� M� �T35�4 ��� L89C  
��e9�T35�4= ; %1�:���  	H%��=  �  =��%�; 	 ���>�� x�1� $ � ��:� =%1�; ��o L89 I�� �A1@ �A�%�T?�!�4)  =��8� . ���5 h��F��� %1�; =%��I�F�G 	 
����  ��:� ��of�B�����  �� 7��� 	 
���� ���� I��f�B�4=  ������� ��� f�B =�4 @�	 �G %� �;  $	�5��>  @ ��  gF����5$ � 6�� , 2015)et al.(Jamshidi .        0121-  $.'/ 3�%4'	��45'4  � (78�) "'�� "�0:;��� (<) =>  
  ���?�"'@8�AB ��� ��������  >%� �� J4	ZE >� ��F����� %1?D�`��=�4 ��89 ��= <'� %�� �� T35 �� H�3@ 	 H�3@��w L9��� Cc�� H�����4�= �E�.6N�� ~�j�B� �A1@ �  L89  \�w�� 
��e9�o���4 �� %� �;� xArcGIS ) � \���� c����4�=  �1!	 ��3��	�c�� 	 T35 �18� ���4�=  T��3�T��� =��%�; )�A�%� He; )b�'�%� )6:! )a�� )������N f�B�����)`��[� )  @�	 �>M������)  }�� )=_1D1N%1�1^_ He;  )��%����(�N >� $��!  	 )�4���G ��(�N >�  ]� [�9	  )]��	����:E�4=  	 ��e�� gB���4= =%�1�4�� 
% [ 	 M��> ����! �� T� 8� ) ��5 ����e9� C���� .  ���M�a����  U��� �� 7� �� �; � ��� 
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Abstract       Fault is one of the main processes in tectonics which has relationship with phenomena such as earthquake. Therefore, awareness of the effect of environmental factors on fault occurrence and recognition of high risk areas is very important, that these goals in the present study have been investigated. The research area is Qara-Qum where after determining its faults, altitude, slope, direction, climate, land use, geomorphology, geology, erosion, precipitation, flood zones, pedology, stream power, topographic ruggedness index, distance from road, waterway, anticline and syncline were extracted. Then, data mining algorithms including of decision tree, random forest, cumulative, backing machine, logistic regression and neural network in R software are used to identify the value of variables and bivariate statistical methods including of information value and area density for identification of the values for each variable class fitted in fault occurrence. The accuracy of classification algorithms with ROC curve showed that based on input variables, random forest and support vector machine algorithms with 88% and 86% area under a curve had the best performance in classifying fault occurrence, respectively. Finally, according to the Gini coefficients in random forest algorithm, the zoning maps obtained by combining this algorithm were prepared and validated by bivariate statistical methods. According to this algorithm, the height, pedology and topographic ruggedness index variables, identified as the most important parameters in the fault occurrence respectively. Based on the zoning maps evaluation, information value and area density methods, around 52 and 35 percent of faults placed in very high risk class respectively. Therefore, the information value method was more accurate in identifying fault-sensitive zones. According to the results, data mining methods were introduced as a useful tool in fault risk management. It is also necessary to pay attention to environmental variables, especially topography, during the basin management and land use change stages.  
Keywords: Information value, classification Algorithm, area density, ROC curve.   


