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Abstract
Marine terraces are flat surfaces of marine origin, bounded by steeper ascending and descending slopes on up and down slope sides, respectively (IHO, 2019). The marine terraces are generally believed to be created through wave erosion, with their elevations serving as a potent indicator of the paleo-relative sea level. In this study, we investigate how marine terraces can be formed and preserved under the sea-level cycles over geologic timescale. Employing a simplified one-dimensional model, we simulate the evolution of rocky coastlines through horizontal and vertical wave erosion processes. Former process indicates direct wave impact and induces retreat of sea cliff. Latter is caused by oscillation of sediment laden over submerged bedrock and induces lowering of the bedrock surface. Various sea-level change scenarios, tectonic movements, and wave conditions were tested using the model to discern the individual impacts of each control on the marine terrace formation.
As sea level rises, erosion intensifies, resulting in a broader platform with a steeper bottom slope. Conversely, as sea level falls, erosion diminishes, leading to a narrower platform. Sinuous sea level fluctuations generate two distinct platforms at the elevations of low-stand and high-stand, with subsequent cycles elongating the low-stand platform while maintaining the width of the high-stand platform. Additionally, the impact of linear subsidence or uplift superimposed on fluctuating sea levels is explored, revealing the generation of submarine and subaerial marine terraces for each case. Our results demonstrate nonlinearity between paleo-relative sea-level change and submarine topographic evolution. The insights gained from the modeling results with various boundary conditions, however, provide important clues to the morphodynamics of rocky coastline and shoreface under wave-dominated environment. The new understanding through our model results will apply to the actual bathymetry around Dokdo, a volcanic island on the East Sea, South Korea and uncover the relative sea-level history in the area.
