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Interpretation of regional geophysical data most often involves the precise delineation of areas 
exhibiting contrasting signals to understand the subsurface structure. At the regional scale, we lack 
labeled data for the use of supervised machine learning methods. Thus, traditional unsupervised 
clustering methods are usually employed to address this problem [1], [2], [3]. Those methods are not 
designed to detect reliable transitions within the data. With this in mind, we developed a methodology 
based on Topological Data Analysis (TDA) [4] to automatically detect delineations, open or closed, that 
separate the topological features present in the data [5], [6]. Our approach is based on discrete Morse 
theory to identify critical points and model their relationships within a topological complex, providing a 
robust representation of the data structure. At the same time, we also apply this analysis to criteria 
such as the gradient norm, allowing us to trace paths following the greatest spatial variation in the 
geophysical data. This enables us to associate a shape to the topological features. In order to select the 
most significant delineations, we hierarchically merge the delimited areas with their neighbours using 
an ordering that takes into account the topological persistence and the local contrast. 

This approach oƯers an alternative to classical segmentation that is easier to interpret and more robust 
thanks to the use of topological analysis to guide the extraction of structures and shape in regional 
geophysical data. 
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