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Abstract

Understanding deformation patterns in inverted intracontinental rift systems is critical in reconstructing orogenic processes. This study presents
a comparative analysis of strain accumulation and distribution in two Proterozoic fold-and-thrust belts within the Paramirim Aulacogen, NE
Brazil. Using numerical strain modelling, kinematic forward modelling and finite strain integration techniques, we estimate tectonic shortening
and assess the deformation history of the Western Chapada Diamantina (WCD) and Northern Espinhago Range (NER), two belts formed
during the Brasiliano-Pan African orogeny. The primary objectives are to compare finite strain ellipsoid patterns, quantify shortening and
evaluate differences in deformation style. The results from this work contribute to understanding the structural evolution of the Sao Francisco
Craton and its role during Gondwana assembly. The Paramirim Aulacogen developed as an intracontinental rift within the Sdo Francisco
Craton during the Statherian and was later inverted in the late Neoproterozoic to early Cambrian, forming the WCD and NER as doubly-
verging fold-and-thrust systems. To quantify strain distribution and estimate shortening, we integrated finite strain analysis, kinematic forward
modelling, strain integration and cross-section restoration. Finite strain ellipsoids were calculated using quartz grains as strain markers in
oriented quartz-rich meta-sandstones samples. 2D kinematic algorithms were used to forward model extensional and compressional phases of
the basins’ structural evolution, with thickness and fault dips constrained by surface dip data and stratigraphic relationships. A deformation
matrix approach was applied to test tectonic scenarios and validated by the results of finite strain analyses. Shortening estimates were derived
from strain integration along cross-section trajectories, balanced cross-section restoration and 2D kinematic forward modelling. Tectonic
shortening estimates range from 17% to 19.4% for the WCD and 13.5% to 16.3% for the NER. Finite strain analyses show mostly oblate
ellipsoids in the WCD, consistent with thrust-dominated deformation, with prolate ellipsoids in the NER suggesting a component of strike-slip
deformation superimposed on thrusting. Matrix numerical models support a two-stage deformation history: initial uniaxial flattening associated
with sedimentary compaction followed by thrust-dominated deformation in the WCD and strain partitioning in the NER, where thrusting was
combined with strike-slip tectonics. 2D kinematic forward modelling supports the reactivation of inherited extensional faults during inversion,
driving the development of the fold-and-thrust belt structures accommodating the deformation. This work refines our understanding of the
Neoproterozoic deformation within the Sdo Francisco Craton and provides new constraints on the evolution of the Paramirim Aulacogen. The
results highlight the efficacy of a multi-strategy approach, integrating numerical strain modelling with kinematic and strain integration
techniques in reconstructing deformation histories. The estimated shortening across the Paramirim corridor highlights its role as a non-rigid



zone within the Sdo Francisco Craton, supporting the hypothesis that the craton experienced significant internal deformation during Gondwana
assembly. Further research, including paleomagnetic and plate reconstruction studies, could further constrain the regional tectonic framework.



