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Abstract Submarine fans commonly accumulate on a large scale within continental slope mini-
basins, where their architectural evolution is predominantly governed by paleotopographic configuration. In
settings influenced by dip-oriented synsedimentary normal faults, such minibasins frequently host laterally
elongated fault-controlled troughs, which are associated with longitudinally distributed, multi-tiered slope
breaks. Although these multi-step slope breaks exert first-order control on the spatial distribution, internal
architecture, and stacking patterns of submarine fan reservoirs, the underlying geomorphic and dynamic
mechanisms remain inadequately constrained. This study focuses on the Upper Jurassic B4 reservoir in the
X Oilfield (North Sea, UK), integrating high-resolution well-log data and 3D seismic interpretation to
reconstruct paleobathymetry and decipher reservoir-scale architectural heterogeneity. Our analysis reveals
that the submarine fan developed within a structurally confined slope fault trough, characterized by; (i) a
western primary upper slope with an average gradient of ~7.5°; (i) three distinct, longitudinally
aligned deepwater slope breaks; (iii) a pronounced gradient differential of 6. 3° across the primary slope
break, contrasting with sub —3° differentials across the secondary and tertiary breaks. Critically, the
longitudinal multi-step slope breaks dictate both planform architectural organization and temporal migration-
stacking behavior of fan elements. Elevated sediment supply coupled with steep upper-slope gradients
promotes high-velocity, supercritical turbidity currents ( Froude numbers >1), resulting in proximal
bypass dominance—wherein sediment largely bypasses the primary lower slope. The large gradient dif-
ferential at the primary break enhances flow confinement and sand-body thickness through hydraulic jump-
induced deposition. In contrast, reduced gradient differentials across downstream ( secondary-tertiary )
slope segments decelerate flows, fostering the development of multibranched avulsion channels, levee-
channel complexes, and distributary lobes on the lower slopes. As successive lower-slope tiers become
progressively filled and aggraded, lobe deposition preferentially shifts toward lower-tier slopes possessing
greater accommodation space, producing retrogradational stacking geometries. Furthermore, enhanced
lateral confinement—imposed by adjacent fault-bounded margins—deflects lobe progradation trajectories
and modifies lobe morphology from classic lobate to elongate, tongue-shaped forms.

Key words submarine fan, fault trough, longitudinal multi-step slope breaks, reservoir archi-
tecture, North Sea
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