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Abstract

Ductile shear zones preserve important information on continental lithospheric deformation and
tectonic evolution, and quantitative analysis of the kinematic vorticity number (Wx) provides an
important means of constraining strain partitioning and kinematic characteristics within these
zones. This paper systematically reviews the fundamental theory of kinematic vorticity and its ap-
plications in various fields of geological research. Particular emphasis is placed on classical quanti-
tative methods for determining kinematic vorticity from microstructural criteria, including the po-
lar Mohr circle method for reconstructing finite strain, the quartz c-axis fabric method based on
electron backscatter diffraction (EBSD), the rotated porphyroclast method for characterizing early-
stage deformation, and the fibrous-vein method for recording incremental stretching directions.
Given the inherent limitations in applicability and systematic uncertainties associated with individ-
ual methods, this review emphasizes the necessity of integrating multiple methods to provide cross-
validation and improve the reliability of geological interpretations. Major challenges remain, in-
cluding the assessment of the reliability and representativeness of microstructural markers and the
interpretation of discrepancies among results obtained using different methods. Future develop-
ments involving numerical simulation-assisted calibration of vorticity gauges, integration of EBSD
with crystallographic vorticity axis (CVA) analysis, and coordinated multi-method and multi-scale
investigations coupled with pressure-temperature-time (P-T-t) evolution are expected to advance
the field from descriptive kinematic analysis toward tectonodynamic interpretations constrained
by multiple parameters.
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Figure 1. The relationship between the eigenvector (e) and the deformation state. (adapted from [6])
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Table 1. Relationship between kinematic vorticity number (W) and the eigenvector angle v (adapted from [6] [9])
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Table 2. Comparative analysis of primary methods for determining kinematic vorticity (W) from microstructural criteria
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