
Automatic detection and location of hydro-acoustic signals linked to Mayotte submarine eruption

Submarine volcanic eruptions generate numerous seismic and hydro-acoustic signals (West Mata, Axial
Seamount). Some hydro-acoustic signals have been associated with explosions due to the contact between hot
lava and sea water or lava flow collapse. 
The ongoing activity in Mayotte since May 2018 is the largest basaltic eruption for its length and volume since
the Laki eruption in Iceland in 1784 (Feuillet et al., 2021). A seismic activity that persists today is happening
along with the eruption.

The  manual  analysis  of  the  continuous
signals  recorded  by  ocean  bottom  seismometers
(OBS)  have  highlighted  the  recording  of  hydro-
acoustic signals (propagating in the water column).
These  ocean  bottom  seismometers  are  equipped
with  a  geophone  and  a  hydrophone  and  have
recorded multiple hydro-acoustic signals. Hundreds
of  events have been identified during analyses of
deployment data since 2019.

Thanks  to  the  location  of  some  of  these
events, these signals have been associated with the
active lava flows that have been observed through
bathymetric studies (Figure 1). Consequently, these
signals are indicators of  the active lava flows and
their evolution.

The  analysis  of  a  line  of  ocean  bottom
seismometers (micrOBS) deployed during 10 days
in  October  2020  during  the  Mayobs15
oceanographic  campaign  highlighted  the  time
evolution  of  the  location  of  the  sources  of  hydro-
acoustic signals.

The goal of this internship is to automatically detect and locate
the hydro-acoustic signals on the OBS continuous recordings since the
first deployment in February 2019, until 2021. These events were first
handpicked on a small number of deployments starting from the end of
2019, when they were first identified. On each OBS stations, the hydro-
acoustic signals are recorded both on the 3 components geophone and
on the hydrophone (with usually shows clearer arrivals).  Depending on
the deployment, the sampling rate of the continuous timeseries varies
from 62.5 Hz to 250 Hz with 4 to 16 stations deployed at a time.

A  previous  work  on  a  10-days  deployment  has  shown  that
several types of waveforms are recorded related to these signals (Figure
2), although all of them have a duration of less than 0.1s. Because of the
high level of seismicity in Mayotte and because of instrumental noise
and  glitches,  it’s  challenging  to  identify  these  small  signals  and
discriminate them from other sources in the OBS continuous recordings.
Another challenge is the amount and variety of data and instruments to
be processed with sometimes more than two years of data recorded on
a few stations with broadband hydrophones and shorter deployments
with more than ten stations equipped with short-period hydrophones. 

Figure 1: The orange and green triangles represent the OBS 
locations during two deployments late 2019 and in October 
2020 respectively. The stars represent events located during 
these two deployments. The insert represents a zoom of the 
last active flow area and the bathymetric differential observed
during Mayobs15 (green deployment).

F
igure 2: Signal example of 8 events on an 
hydrophone close to the sources.



Template matching techniques are a solution to detect low signal to noise ratio signals such as these
hydro-acoustic records. The first step of this internship will result in a long-term catalog of hydro-acoustic events
since 2019. It will give insight on the activity level of the lava flows through time. This will dramatically improve
the resolution of the lava flow timeline estimates that are currently only constrained by the bathymetry surveys
which only occur a few times a year.

Hydro-acoustics  waves  propagates  through  the  water  column.  From  the  source  location  to  the
instruments, waves can be reflected several times between the sea-surface and the sea-floor. The second goal
of this work is to locate the events detected. During the different marine surveys, several water column sounding
have been done and give information on the sound velocity profiles in the area. Together with hydro-acoustic
waves propagation  modeling,  travel-time tables will  be elaborated and  used with  a  location  algorithm.  The
challenge  in  this  task  will  be  to  correctly  estimate  how  the  different  uncertainties  involved  in  the  wave
propagation modeling impact the final location accuracy. The resulting map of locations will be compared with
the active lava flows maps recovered from bathymetric surveys.

This work will improve our knowledge of the lava flow history for this exceptional eruption in Mayotte,
which is today sparsely understood. Indeed, the timeline of the different lava flow structures and morphologies
creation is still largely unknown and under-constrained by the sparse bathymetry surveys. Within 4 years,  the
MARMOR project  will  install 3 permanent ocean-bottom stations with real-time data transfer which will allow
continuous monitoring of Mayotte current and future submarine eruptions. The results of this internship will pave
the way for operational algorithms that could be used on the real-time data of this future permanent sea-floor
cabled observatory in Mayotte. 

Location : Institut de physique du globe de Paris (Paris)

Supervisors: Jean-Marie Saurel (IPGP) saurel@ipgp.fr, Lise Retailleau (IPGP/OVPF) retailleau@ipgp.fr,
Valérie Ferrazzini (IPGP/OVPF), Clément Hibert (ITES), Themis Palpanas (LIPADE).
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