
Semi-automated fault extraction and quantitative structural analysis 
from DEM data, a comprehensive tool for fault network analysis

Benchmark yourself ! Compare your mapping with the code. See game next to the poster.
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•  �K�^�a�Z�P�^�f���f�^�a�Z�b���^�]���]�P�c�d�a�P�[���8�9�A���Q�d�c���P�[�b�^��analogue models���8�9�A��
     and numerical models results

•  Code made in 2 separable parts : fault extraction and structural analysis.
������������� ���_�^�b�b�X�Q�[�T���c�^���X�]�_�d�c���P���W�P�]�S���\�P�_�_�X�]�V���
���P���8�9�A���c�^���V�T�c���c�W�T���b�c�a�d�R�c�d�a�P�[��
     analysis of an area

• ���K�^�a�Z�P�^�f versatile�������\�P�_���c�^�_�^�V�a�P�_�W�X�R���R�W�P�]�V�T�b�����b�^���R�^�d�[�S���Q�T���P�_�_�[�X�T�S��
anywhere where tectonic drives the topographic changes -> other rifts, 
�^�]���9�P�a�c�W���^�a���^�c�W�T�a���_�[�P�]�T�c�b�����Q�P�c�W�h�\�T�c�a�X�R���S�P�c�P���������d�_���c�^���h�^�d�a���]�T�T�S�b����

• For each edge, extraction of :  

- throw, extension, displacement
- dip angle, strike angle
- length.
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�@�T�]�V�c�W���f�T�X�V�W�c�T�S���a�^�b�T���W�X�b�c�^�V�a�P�\���^�U��
edges strikes 

�A�P�_���f�W�^�[�T���Q�P�b�X�]��

• Network creation

• In the last decade : increasing resolution of satellite images, 
�P�[�[�^�f�X�]�V���]�^�f���e�T�a�h���S�T�c�P�X�[�T�S���8�X�V�X�c�P�[���9�[�T�e�P�c�X�^�]���A�^�S�T�[�b���
DEM����
�K�T���d�b�T�S���H�P�]�8�9�A���L���S�P�c�P�����f�X�c�W�������\���W�^�a�X�i�^�]�c�P�[���P�]�S�����\���e�T�a�c�X�R�P�[��
�a�T�b�^�[�d�c�X�^�]���
�•�������R�\����

• Fault network extraction : characterise deformation patterns 
�X�]���a�X�U�c�b�����d�]�c�X�[���]�^�f���\�P�S�T���Q�h���W�P�]�S�����T�g�c�a�T�\�T�[�h���c�X�\�T���R�^�]�b�d�\�X�]�V��

• Here, we propose a Python���f�^�a�Z�P�^�f���c�^���P�S�S�a�T�b�b��
this challenge.
• Semi-automated mapping
�x���5�d�c�^�\�P�c�X�R���W�X�V�W���a�T�b�^�[�d�c�X�^�]���b�c�a�d�R�c�d�a�P�[���P�]�P�[�h�b�X�b����

• Focus on the Magadi-Natron basin���
�?�T�]�h�P���Q�a�P�]�R�W�����9�P�b�c���5�U�a�X�R�P�]��
�F�X�U�c���G�h�b�c�T�\������
�D�a�^�\�X�b�X�]�V���P�a�T�P���Q�T�R�P�d�b�T����
- very dry, sparse rivers, low amount of human constructions
�����b�_�P�a�b�T���e�T�V�T�c�P�c�X�^�]����� ���8�9�A���a�T�_�a�T�b�T�]�c���c�W�T���V�a�^�d�]�S���b�d�a�U�P�R�T��
�����X�]�c�a�P���a�X�U�c���c�^�_�^�V�a�P�_�W�h���R�W�P�a�P�R�c�T�a�X�b�T�S���Q�h���]�^�a�\�P�[���U�P�d�[�c�b����
volcanic units well dated.

• Preprocessing: masking of volcanoes and lakes, GIS software.

• �A�P�_�_�X�]�V��semi automatic���Q�T�R�P�d�b�T��settings���b�_�T�R�X�N�R���U�^�a���c�W�T���_�a�^�R�T�b�b�X�]�V���P�a�T�P���� 

5 steps
DEM (for reference)

Small area, white dash 
on context map

Gaussian smoothing

�Q�[�d�a���c�W�T���Q�P�R�Z�V�a�^�d�]�S���]�^�X�b�T��

Canny edge detection 
�
�^�e�T�a���W�X�[�[�b�W�P�S�T���^�U���8�9�A����

detect topographic contours

Noise removing 

�F�T�\�^�e�T���b�\�P�[�[���b�c�a�d�R�c�d�a�T�b��

�
��skeletonization �
�a�T�S�d�R�T���[�X�]�T���f�X�S�c�W���c�^�������_�X�g�T�[�����
��Connection detection.

Component�@�X�]�T

From array to network
For each component���
���X�]�S�T�_�T�]�S�T�]�c���b�c�a�d�R�c�d�a�T������
 - set on nodes���
�S�T�N�]�T�S���Q�h���_�^�b�X�c�X�^�]���
�g���h����
�������[�X�]�Z�T�S���Q�h��edges���
�S�T�N�]�T�S���Q�h���]�^�S�T�b���c�W�P�c���c�W�T�h���[�X�]�Z�������� 

• �9�g�c�T�]�b�X�^�]���
�_�[�P�X�]���[�X�]�T�����_�T�a�_�T�]�S�X�R�d�[�P�a���c�^���b�c�a�X�Z�T��

• Several fault families -> 
�D�^�b�b�X�Q�[�h��time-dependent extension direction
 
• �7�P�d�b�T�S���Q�h���_�[�P�c�T���Z�X�]�T�\�T�c�X�R���R�W�P�]�V�T�b��
�
�G�c�a�T�R�Z�T�a���T�c���P�[�����������������^�a���[�^�R�P�[���b�c�a�T�b�b���N�T�[�S���R�W�P�]�V�T�b��
�
�A�d�X�a�W�T�P�S���T�c���P�[����������������

�x���C�d�a���b�T�\�X���P�d�c�^�\�P�c�T�S���f�^�a�Z�P�^�f���\�P�_�b���P�Rcurately the faults, in a way 
�P�b���V�^�^�S���P�b���W�d�\�P�]�����f�X�c�W���[�X�c�c�[�T���_�P�a�P�\�T�c�a�X�i�P�c�X�^�]��

• This Python program is easy to adopt and fast to run.

�x���K�T���S�T�a�X�e�T���P���W�X�V�W���a�T�b�^�[�d�c�X�^�]���S�P�c�P�Q�P�b�T���^�U�������������U�P�d�[�c�b���c�W�P�c�������U�^�a���c�W�T���N�a�b�c��
time - includes the along-strike variation of throw, extension, and 
displacement of each fault in our study area.
 

• �A�P�_�_�X�]�V������compromise���Q�T�c�f�T�T�]���\�P�_���P�b���\�d�R�W���U�P�d�[�c�b���P�b���_�^�b�b�X�Q�[�T���
�Q�X�V���S�P�c�P�������^�U���P�[�[���b�X�i�T�b����
�P�]�S���a�T�S�d�R�T���]�^�X�b�T���
�U�a�^�\���S�T�c�T�R�c�X�^�]���^�U���^�c�W�T�a���c�^�_�^�V�a�P�_�W�X�R���U�T�P�c�d�a�T�b��

�:�P�d�[�c���[�T�]�V�c�W���S�X�b�c�a�X�Q�d�c�X�^�]��similar to intra-rift faults 
�P�]�P�[�h�b�T�S���Q�h���W�P�]�S���U�a�^�\���N�T�[�S���S�P�c�P���Q�h���A�d�X�a�W�T�P�S���T�c���P�[��������������

 
• Huge diversity of fault 
characteristics 

• �5�V�a�T�T�\�T�]�c���f�X�c�W���_�a�T�e�X�^�d�b���S�P�c�P���b�T�c�b
 
• Interesting trend: displacement in 
our study area near maximum 
range of previous studies.  
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�C�d�a���S�P�c�P���
�Q�[�d�T���_�^�X�]�c�b���X�]���T�[�[�X�_�b�T����
�^�e�T�a���N�V�d�a�T���U�a�^�\���B�P�[�X�Q�^�J���T�c���P�[������������
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1736 individual intra-rift faults extracted
�
�+���������\�^�a�T���c�W�P�]���W�P�]�S���\�P�_�_�T�S���Q�h���A�d�X�a�W�T�P�S���T�c���P�[����������������

North

• �9�b�R�P�a�_�\�T�]�c���b�[�^�_�T���]�^�c���a�T�_�a�T�b�T�]�c�P�c�X�e�T���^�U���U�P�d�[�c���S�X�_��
��� ���f�T���P�b�b�d�\�T���a�T�_�a�T�b�T�]�c�P�c�X�e�T���]�^�a�\�P�[���U�P�d�[�c���S�X�_���^�U�������Œ������
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