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Abstract

The effect of seabed topography on sediment distribution in deep-water environments is well documented, but the impact of subtle dynamic
topographic controls remains less understood. This study examines how seabed relief affects the evolution and architecture of deep-water
channels, especially their pinch-outs, which are critical for analysing stratigraphic traps and reservoirs. Using a subsurface dataset from
offshore South American Equatorial Atlantic, we apply a quantitative approach that integrates slope and channel attributes to investigate the
evolution of a deep-water fan system. This fan, composed of channel complexes, developed along a passive, obliqgue margin segment with
minimal concurrent tectonic deformation. These observations are then compared to outcrop observations from thrust-top Alpine basins in
southeast France, where channels exhibit similar interactions with a more active topography, at a bed scale. In the offshore setting, the inherited
structural framework created a steep, concave slope (> 11°) which gradually readjusted through episodic slope instability, mass wasting
deposits, and canyon incision, ultimately reducing gradients to < 3 °. At the base of the slope, channel complexes display variable dispersal
geometries following an overall large-scale compensational stacking pattern, with local confinement influencing the system dynamics at
smaller scales. Channels altered their directions several times through avulsions and abrupt deflections induced by topography. Nearly straight
aggradational channel segments were confined by crestal faults and mini basins overlying buried basement ridges and half-grabens. Differential
subsidence along major faults suggests structural capture of these channels, resulting in vertically stacked segments with increased sandstone-
to-mudstone ratios. Slope variations resulted in distinct styles of onlap terminations throughout the system. Up-dip erosional pinch-outs near
the feeder canyon mouth differ from lateral abrupt pinch-outs towards steeper slopes, where thinning rates vary with channel migration,
confinement and slope gradients. Lateral pinch-outs exhibit sharp facies degradation and thinning, with differential compaction driving subtle
post-depositional structural inversion, creating combination traps with effective sealing despite the absence of up-channel pinch-outs. However,
at the canyon mouth, up-dip pinch-outs form through recurring cycles of complex erosion and deposition, producing heterogeneous reservoirs
with a high potential for seal failure due to upslope attached sands. In both study areas, channel axis migration influences scour depth, bed
amalgamation, and lateral thinning rates, shaping distinct pinch-out characteristics and facies transition rates. These findings reinforce the role
of antecedent topography and dynamic relief — generated by compensational stacking and substrate mobility — in shaping channel architecture.
The results illustrate how subtle seabed relief can drive sediment distribution, channel avulsion, vertical stacking, and onlap geometries,
highlighting its importance in reconstructing basin palaeogeography and in predicting reservoir distribution and stratigraphic traps in deep-
water slope and basin-floor environments.



