Modeling sideswipe in 2D oceanic seismic surveys from
sonar data: Application to the Mariana arc
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In two-dimensional (2D) marine seismic-reflection surveys, out-of-plane rough seafloor bathymetry can cause
multiple ocean-bottom reflections that complicate the interpretation of shallow reflections. Although migration
corrects for the in-plane position of reflectors, it cannot resolve the inherent ambiguity in their out-of-plane posi-
tions. We show how swath bathymetry, routinely collected in many such surveys, can be used to model out-of-
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plane seafloor reflections and prevent their misinterpretation as
subsurface geology. We use both raw and gridded multi-beam ba-
thymetry data to build images that represent seafloor reflections in
migrated seismic data. Comparison of these images to the seismic
sections reveals whether suspicious features are out-of-plane wa-
ter bottom reflections or subsurface reflections. Multi-channel seis-
mic surveys across the Marianas intra-oceanic arc system provide
examples where rough seafloor topography produced reflections
that were initially misinterpreted. We use our seafloor reflection
modeling (SRM) approach to help distinguish a possible landslide
from a volcanic cone. Lateral flank-collapse deposits are recog-
nized adjacent to island volcanoes in nearly every ocean and are
believed to represent a tsunamogenic hazard. We noted an appar-
ent topographic prominence on our 2D-migrated seismic profile,
on the flank of Anatahan ca. 8km from the summit, rising >400ms
above the seafloor above a reflection following the first arrival that
could be consistent with a slide plane beneath a large submarine
landslide. It was therefore important to develop a new mapping
method to demonstrate the correctness of the alternate interpre-
tation, that the reflection is a vertical seafloor reflection beneath
an out-of-plane seafloor reflection back-scattered from a satellite
volcanic cone.

Figure: (A) Seismic section of the southeastern slope of Anatahan (ca. 2°— verti-
cal exaggeration at the seafloor); note the protruding reflection (preliminar-

ily interpreted as a slide block) preceding an otherwise continuous seafloor
reflection by up to 400ms. (B) 3D seafloor reflection modeling (SRM) predic-
tions (blue dots) suggest both the protruding reflection and at least part of the
continuous reflection originate at the seafloor. (C) 2D SRM (blue dots) images
the entire length of the continuous reflection. Although these 2D predictions
achieve higher resolution and indicate additional sideswipe events (e.g. at km 4
to 6), they are less coherent than the 3D results. (D) Mapping of 3D SRM reflec-
tion points onto bathymetry shows the continuous reflection results from the
seafloor reflection directly beneath the profile whereas the protrusion results
from reflections from an off-line topographic feature1km east, probably a
group of constructional volcanic cones
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