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An Integrated Relocation Workflow for Offshore Earthquake Sequences, with
Applications to Italy and Japan
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The imaging of off-shore seismicity helps understand the corresponding seismogenic structures and
develop better seismic hazard models. However, in many cases, the off-shore seismicity has poorly
constrained location, due to an insufficient coverage with seismic stations. Despite progress made in the
deployment of Ocean Bottom Seismometers (OBS), there are many off-shore areas in which OBS have
not been installed yet; moreover, the OBS recordings are often noisier than the inland seismic recordings.
Therefore, it is highly needed to develop earthquake location approaches that are able to characterize the
off-shore seismicity using fewer seismic stations, with an unfavorable coverage of the off-shore
seismogenic structures. The current study proposes a new location workflow to characterize the off-shore
seismicity and applies it to two seismic sequences occurred recently in Italy and Japan.

The workflow brings together three location methods that have been already developed in previous
research. The first workflow step uses the travel-time stacking method to locate a few relatively large
reference earthquakes that have been recorded at as many as possible seismic stations. The second step
uses a depth-phase technique to improve the depth locations of the reference events, while the third step
consists in the reconstruction of the whole earthquake cluster geometry using a differential travel-time
method that employs only two seismic stations and uses the reference events previously located. The
workflow includes a final step to validate the location results of each of the previous steps using various
approaches, including data resampling and bootstrapping.

The location workflow has been first applied to an offshore earthquake sequence occurred in 2022 in
the northern Adriatic Sea region, Italy, located around 20 km away from the shoreline. Depth-phases
have been used only to confirm the depth of the mainshock (My5.5). The workflow revealed an
earthquake cluster geometry that is in general compatible with the data from an existing seismic
reflection profile and focal mechanism solutions, although significant variations of the cluster geometry
are noticed when different sets of reference events are used. Compared with the routine event locations,
the location results obtained in this study show a sharper, well-defined earthquake cluster.

The location workflow has been applied next to the far-offshore earthquake sequence occurred in 2023,
in Hachijojima, Japan, around 150 km away from shoreline, following a M5.7 mainshock. The depth of
the reference events has been improved using sP depth phases. The results revealed a northeast dipping
earthquake cluster, consistent with one of the nodal planes of the focal mechanisms available for some
of the larger events in the sequence. The selection of the reference events may sometimes introduce an
artificial planar structure, so further future research is needed to address this issue. The study further
discusses the space-time characteristics of the earthquake sequence, the aseismic processes that may have
contributed to its occurrence, as well as possible triggering relationships in the region.

The study includes procedures to estimate the errors of reference event locations, the identity of the
depth-phases and the uncertainties of the reconstructed earthquake cluster. Overall, the proposed
workflow is able to provide a reasonable first order approximation of the earthquake cluster geometry
and information on the uncertainties associated with each of the location steps. The study also proposes
possible future improvements of the location workflow.
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