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Abstract. From 10 May 2018 to 1 November 2022 (time of writing), an unprecedented seismic activity
is observed east of Mayotte Island (France), related to the largest submarine eruption ever recorded
with o Vshore geophysical studies. Using signals from regional and local seismic stations, we build a
comprehensive catalog of the local seismicity for the �rst ten months of the sequence. This catalog
includes a total of 2874 events of magnitude (Mlv) ranging from 2.4 to 6.0, with 77% of them relocated
using a double di Verence location procedure. The hypocentral locations over this period are highly
dependent on the small seismic network available. Therefore we compare the locations of later events
using a similar network and those estimated from a local ocean bottom seismometer (OBS) network
installed since March 2019. Based on the time space evolution and characteristics of the seismicity,
�ve distinct phases can be identi�ed, corresponding to the successive activation of two deep seismic
swarms, related to the lithospheric-scale magma ascent up to the sea�oor, along with progressive
deepening of the seismicity interpreted as decompression of a 40 km deep reservoir.
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1. Introduction

On 10 May 2018, the seismic stations on the western
Indian Ocean recorded seismic activity that quickly
became an intense sequence, with hundreds of felt
earthquakes, including several events of magnitude
above 5.0 recorded by the international networks
[Cesca et al., 2020, Lemoine et al., 2020a, Bertil et al.,
2021]. This unusually deep (40 km) seismicity [Cesca
et al., 2020, Lemoine et al., 2020a] occurs in the
eastern part of the Comoros archipelago, east of
Mayotte, in a region not known previously for be-
ing seismically active [Figure 1; Bertil and François,
2016, Bertil et al., 2021]. The magnitude of the seis-
mic events and the duration of the sequence sur-
prised the population, the local authorities, and the
scienti�c community. Past volcanic episodes in the
Comoros archipelago, including Mayotte and o V-
shore areas, remain poorly documented [e.g., Zinke
et al., 2003a,b, Michon, 2016, Famin et al., 2020],
except for the recent volcanic-related seismicity of
the Karthala volcano, on Grande Comore [Figures 1
and 2; Bachèlery et al., 2016]. In 2019, one year af-
ter the beginning of the sequence, a new 820 m-high
volcanic edi�ce (called “NVE” in Feuillet et al. [2021])
and several subsequent lava �ows, corresponding to
an estimated volume of 6.55 km 3, were discovered on
the sea�oor 50 km east of Mayotte [Figure 1c; Rinnert
et al., 2019, Feuillet et al., 2021, REVOSIMA, 2022].
This seismo-volcanic event is the largest and best-
monitored submarine eruption to date [Feuillet et al.,
2021].

The largest amount of seismic movement was re-
leased within the �rst two months of the sequence,
when the initial seismic monitoring network in-
cluded only a few stations in Mayotte, Grande Co-
more, Madagascar and a few further o V (Figure 2).
Later, through collaborative work of the French sci-
enti�c community, several additional seismic sta-
tions were progressively installed on Mayotte Island
at the end of June 2018, at the end of August 2018,
and then in March 2019 (Figure 2b,c,d).

In addition, since the end of February 2019, the
deployment of a network of 4 to 16 ocean bot-
tom seismometers (OBS) on the sea�oor east of
Mayotte have been providing better constraints
of the seismicity and seismogenic structures [Rin-
nert et al., 2019, Feuillet et al., 2021, REVOSIMA,
2022, Saurel et al., 2022]. For the �rst year of the

sequence, from May 2018 to February 2019, the ge-
odetic and seismic monitoring has been crucial to
understand the processes involved at the onset of
this magmatic/volcanic activity, and the building
of such an exceptional volcanic edi�ce [Lemoine
et al., 2020a]. Several scenarios are proposed to out-
line the timeline of magma ascent, based on geo-
physical and petrological data [Cesca et al., 2020,
Lemoine et al., 2020a, Feuillet et al., 2021, Berthod
et al., 2021a]. In May 2018, the �rst cluster of seis-
micity extended southeast, then a swift upward mi-
gration started in early June, going from a depth
of 40 km up to the surface within a month. The
seismicity highlights the propagation of magma
through the lithosphere, from a deep and excep-
tionally large reservoir up to the sea�oor, until the
eruption that started between 28 June and 5 July
2018 [Cesca et al., 2020, Lemoine et al., 2020a]. In
July 2018, a second cluster progressively appeared,
closer to Mayotte, along with intense, very-long-
period seismicity (VLP) at more shallow levels [Poli
et al., 2019, Satriano et al., 2019, Cesca et al., 2020,
Lemoine et al., 2020a, Feuillet et al., 2021, Laurent
et al., 2021]. Those two clusters are still active as
of October 2022 [REVOSIMA, 2022]. We refer to
them as the proximal and distal clusters, relative to
Mayotte, following Saurel et al. [2022] (Figures 1c
and 3).

The analysis of the seismicity of the �rst year is
challenging due to the poor initial quality of the
monitoring network. Therefore, we integrate com-
plementary phases that have been manually picked
at a few seismic stations not included in the ini-
tial monitoring network, to better specify the loca-
tions of the earthquakes over the �rst ten months
of seismicity near Mayotte and to help complete the
catalog. We estimate the instrumental bias due to
both the network scarcity and geometry, by com-
paring our locations to those obtained using the
subsequent improved monitoring network, includ-
ing OBS and more inland stations from March 2019.
We then relocate 77% of this catalog using a double-
diVerence algorithm to image the seismogenic struc-
tures more precisely. Based on this new catalog, we
describe the various phases of the rapidly evolv-
ing seismicity. Finally, in the light of already pub-
lished work, we propose a synthetic scenario of the
�rst ten months of the seismo-volcanic sequence
of Mayotte.
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Figure 1. Regional historical and instrumental seismicity over the period 1900 to 2020 across the Mozam-
bique channel and the Comoros, and surrounding areas [Bertil et al., 2021]. Black lines are plate bound-
aries [modi�ed from Stamps et al., 2018]. (a, b) Bathymetry from GEBCO 2014 [Weatherall et al., 2015].
(c) Compilation from Lemoine et al. [2020b] including HOMONIM data [SHOM, 2015] and MAYOBS data
[Feuillet et al., 2021]. Red triangle in (c) indicates the position of the Fani Maoré volcano. All �gures have
been done using GMT 5 [Wessel et al., 2013].

2. Geodynamic and seismo-tectonic context of
Mayotte

2.1. Tectonic and magmatic activity in the Co-
moros archipelago

The four major volcanic islands of the Comoros
archipelago are Grande Comore, Moheli, Anjouan,
and Mayotte from west to east (Figure 1b). Sev-
eral marine surveys reveal recent volcanic and tec-
tonic features northward of the archipelago [e.g.,
N'Droundé and Mwezi �elds, Thinon et al., 2022] as
well as numerous individual structures [Figure 1b,
Audru et al., 2006, Tzevahirtzian et al., 2021, Thinon
et al., 2022]. Submarine volcanic ridges connect the
four islands [Tzevahirtzian et al., 2021, Thinon et al.,
2022]. Major submarine volcano-tectonic structures
follow an east–west alignment between Mayotte
and the northern part of Madagascar, namely the

Jumelles, Geyser, Zélée, and Leven banks. Mayotte
is mainly composed of one major island (Grande
Terre) and a smaller island to the east (Petite Terre).
From Petite Terre, a 50 km long, WNW–ESE volcanic
chain is observed on the sea�oor, divided into two
segments: a western part on the island slope, and an
eastern N130°E part mainly composed of what are
probably monogenetic cones, up to 500 m high and
2 km wide [Figure 1c; Rinnert et al., 2019, Feuillet
et al., 2021, Tzevahirtzian et al., 2021].

Before the ongoing eruption of Mayotte, the ac-
tive volcanism in the Comoros archipelago was lim-
ited to the Karthala volcano, in Grande Comore. The
Karthala is one of the world's largest active alkaline
basalt shield volcanoes, with almost 20 eruptive se-
quences within the last century [Bachèlery et al.,
2016]. The last eruptive sequence, between 2005 and
2007, resulted in the installation of four broadband
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Figure 2. (a) Regional seismic stations network. (b) Karthala broadband station network. (c, d) Inland
seismic network in Mayotte at two dates, 1 September 2018 and 1 April 2019, respectively. See also Table 1.
(e) Period of data acquisition of local and regional stations over the period May 2018 to August 2018.
Network geometries N1 to N8 are indicated (see Supplementary document 1). Vertical red and green
lines correspond to the loss of the North Madagascar seismic station GE.SBV, and addition or restart of a
seismic station, respectively. (f ) Azimuthal gap evolution over time. White and grey shading are successive
phases (see text for details). Bathymetry: (a) and (b) same as Figure 1a,c and (d) same as Figure 1c.

seismic stations in 2017 to better estimate the vol-
cano hazard. In Mayotte, no active volcanism has
been reported prior to the submarine eruption that
started in 2018. The southern part of the island is
composed of an old volcanic complex, emplaced

from 10 Ma to 1.95 Ma. A second phase of volcan-
ism built the northern part of the island, between
8 Ma and 3.8 Ma. Then recent volcanism formed the
northeastern part, from 4.4 Ma to 0.15 Ma, with more
recent activity that shaped the cones of Petite Terre
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