Variation of Structural Style in Salt- and Shale-Detached Fold and Thrust Belts: Insights from Analogue Modeling
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Abstract

Salt and shale are common decollément levels in thin-skinned fold and thrust belts, controlling the structural style and shaping the geometry of
the fold and thrust belt. The coexistence of both salt and shale layers within the stratigraphy can further complicate the deformation patterns,
leading to a diverse range of structures from regional to smaller scales. Such intricate structures can form hydrocarbon traps in the subsurface,
causing challenges for seismic imaging and complicating subsurface analysis, which can lead to contrasting models and uncertainties. In this
study, scaled analogue modeling experiments were conducted to investigate key parameters controlling structural style. These parameters
include the mechanical properties of the lower (LD) and middle (MD) detachments, the thickness of the upper detachment (UD), the thickness
of the supra-UD layer, syn-kinematic erosion and sedimentation, and variations in pre-UD and post-UD shortening. The structural style varies
depending on the different setups, however, generally, the deformation in the supra-UD layer is characterized by lift-off box folds, triangle
zones and imbricate stakes. The structural style of the layers between the UD and MD is characterized by decoupled disharmonic buckle folds,
recumbent anticlines or faulted folds, while the layers between the MD and the LD generally formed imbricate stacks. The UD-MD strata were
characterized by shorter wavelength structures decoupled from longer wavelength MD-LD structures. Understanding the main controlling
parameters and the resulting structural style can aid in subsurface interpretation, especially in the context of energy resources. We suggest that
integrating analogue modelling results into the subsurface analysis can aid in both mapping and predicting the subsurface structures relevant for
both exploration and development.



