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ABSTRACT

Since 2018, an unexpected number of earthquakes have been occurring offshore Mayotte, in the Mozambique Channel. They are
linked to the eruption of the Fani Maoré submarine volcano. Using a recently developed comprehensive automatic catalog, we
explore two years of the volcano-tectonic (VT) seismicity between March 2019 and March 2021, and analyse in detail the active
structures of the magmatic plumbing system using ~33,000 events. The VT earthquakes highlight three magma storage zones
and two aseismic conduits that have never been observed before. The temporal evolution of the seismicity reveals a probable
regime change in March 2020. While before, the plumbing system reacted to the drainage of magma from a deep reservoir and
to the migration of magma towards the seafloor, it is now responding to new migrations of fluids and to the redistribution of the
stress-load across the system’s pre-existing faults. This analysis is key to better understanding long-term volcanism worldwide.

KEywoRDS: Volcano-tectonic seismicity; Mayotte; Submarine volcano; Deep magmatic plumbing system; Temporal evolution.

1 INTRODUCTION moderate seismic activity with scattered events around the is-

Changes in seismicity before, during, and after a volcanic
eruption indicate changes in the local stress regime, poten-
tial fluid migrations, vent openings, or material failure in the
plumbing system of a volcano [McNutt and Roman 2015]. The
time patterns of the seismicity beneath a volcano, as well as
its migration in space, give insights into the dynamics of the
magmatic plumbing system and have been used for decades
to monitor volcanoes and eruptions [Bell and Kilburn 2012;
McNutt and Roman 2015; Power et al. 2020; Matoza et al.
2021; Peltier et al. 2021]. Interpreting seismicity patterns can
be challenging as there are multiple sources of earthquakes
recorded at volcanoes and they are not necessarily directly
associated with the eruptive processes, but also with the re-
gional tectonic context or local stress changes. Most studies
focus on pre-eruptive seismicity as it is crucial to determining
early warning signs of an eruption and its possible location
[Lengliné et al. 2008; Bell and Kilburn 2012; Roman and Cash-
man 2018} However, seismicity during and after an erup-
tion informs of potential new vent openings and indicates the
eruption’s effects on the surrounding system. Hence, it is im-
portant to analyse the long-term volcano seismicity in order
to monitor and understand long-term eruptions.

Mayotte is the easternmost island of the volcanic Comoros
archipelago, between Africa and Madagascar (Figure 1). His-
torically, the archipelago was considered to result from a hot
spot, with the oldest activity at Mayotte and the most recent
activity from the Rarthala volcano on the westernmost island
of Grande Comore [Bachelery et al. 2016]. Recent studies sug-
gest that the archipelago was formed by a mantle upwelling
or by a shear zone separating the Somalia and Lwandle tec-
tonic plates [Famin et al. 2020]. The archipelago undergoes

*& aude.lavayssiere@gmail.com

lands [Bertil et al. 2021], apart from seismic swarms linked to
eruptions of Karthala volcano [Bachelery et al. 2016] and more
recently in Mayotte.

The 2018 eruption east of Mayotte was preceded by geo-
physical signals. In May, intense and unexpected seismic ac-
tivity started with over 130 earthquakes of magnitude (M)
>4 [Cesca et al. 2020; Lemoine et al. 2020]. This activity was
strongly felt by Mayotte’s population and sparked much con-
cern. Large subsidence (10-19 cm) and eastward displace-
ment (21-25 cm) of the island were detected a month later
and were interpreted as a possible magma withdrawal [e.g.
Briole 2018; REVOSIMA 2022]. This hypothesis was further
supported by the worldwide detection of a very long-period
(VLP) earthquake on 11 November 2018, a type of event gen-
erally related to fluid movement [Cesca et al. 2020; Laurent et
al. 2020]. The May 2019 MAYOBSI cruise [Feuillet 2019] led
to the discovery of a new submarine volcanic edifice, named
Fani Maoré, ~50 km southeast of Mayotte, at the southeast end
of an ancient volcanic ridge (Figure 1) [Feuillet et al. 2021].

Only one seismic station [YTMZ, RESIF 1995] was record-
ing in Mayotte at the beginning of the seismic swarm. Con-
sequently, the first seismic studies used distant networks [sta-
tions in Comoros, Madagascar and Africa, Cesca et al. 2020;
Lemoine et al. 2020]. With the expansion of the in-land net-
work in Mayotte from early 2019, Saurel et al. [2022] created
the first local seismic catalog for the seismic sequence using
manual pickings of the events on both the local land stations
and the ocean-bottom seismometers (OBS) network. They
located the events with a velocity model rapidly developed
while onboard the MAYOBS1 campaign [Feuillet 2019; Saurel
et al. 2022]. This dataset contains ~5,000 events from February
2019 to May 2020. Later on, Lavayssiere et al. [2022] devel-
oped a more precise local 1D velocity model for the active
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Figure 1: Mayotte’s VT seismicity. [A] Average events depths in 1x1x2 km bins. [B] Same as [A] for median Julian days of the
events included in the bin. Each node contains at least two events. The land stations used in this study are plotted as inverted
green triangles. The inset in [A] shows the study area in a global context (red volcano symbol).
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region using the Saurel et al. [2022] catalog, which improved
the absolute locations. This velocity model was also built in
order to obtain robust locations with only the land-based net-
work. Calculating station corrections to compensate the uni-
directional land network geometry, Lavayssiére et al. [2022]
showed that, with the new model, the locations using the land
stations and the locations using land and OBS stations are sim-
ilar. All these studies [Feuillet 2019; Cesca et al. 2020; Lemoine
et al. 2020; Lavayssiere et al. 2022; Saurel et al. 2022] showed
that the events are distributed in two offshore clusters, a prox-
imal one ~10 km east from Petite Terre island and a distal one
~30 km further east, closer to the Fani Maoré volcano (FMV,
Figure 1).

Because it was built manually, the catalog only contains
relatively large events (M. ~2), therefore the smaller events
that could reveal details of the active structures were miss-
ing. Moreover, the catalog lacks information on the tempo-
ral evolution of the seismicity. We note that there is some
evidence of temporal behaviour at the very beginning of the
crisis, before our analysed period [Cesca et al. 2020; Lemoine
et al. 2020; Bertil et al. 2021]. In order to build a more com-
prehensive catalog, Retailleau et al. [2022] developed an au-
tomatic picking of the land-based continuous data, detecting
~8 times more events than previous catalogs. This dataset
contains events from March 2019 to March 2021, hence also
expanding the previous dataset by almost one year. In con-
trast with the OBS network, the land-based network has been
stable over this time period. This provides more precise re-
sults on the seismicity evolution. In their paper, Retailleau et
al. [2022] separated volcano-tectonic (VT) and long-period (LP)
events through their frequency content. The authors focused
on interpreting the LP seismicity in terms of location and time
behaviour compared to VT events. They showed that these
events are restricted to the central part of the proximal VT
seismicity cluster, between 25 and 45 km depth, and occur in
swarms [Retailleau et al. 2022].

In the present paper, we complement Retailleau et al.
[2022]'s LP analyses by focusing on the VT seismicity of their
catalog. We explore its complex temporal and spatial pat-
terns in order to better understand the mechanisms of this un-
commonly deep and long-term seismicity. This information
is crucial to understand the dynamics of Mayotte’s volcanic
plumbing system and beyond.

2 A COMPREHENSIVE CATALOG OF AUTOMATICALLY-
DETECTED VT SEISMICITY

Mayotte’s seismicity consists of different types of events: VT,
LP and VLP, a diversity that represents the different source
mechanisms. VT earthquakes (240 Hz), the most common,
are interpreted as mechanical failures while LP (0.5-5 Hz) and
VLP (<0.1 Hz) are attributed to resonance of fluid-filled con-
duits with magma propagation [Chouet 1996; Chouet and Ma-
toza 2013]. For this study, we focus on the VT events from the
Retailleau et al. [2022] catalog. This dataset of almost 50,000
VT events was built using the local land network on May-
otte, which recorded from March 2019 to March 2021, and
the deep-neural-network-based method PhaseNet [Zhu and
Beroza 2019] The automatic detection allowed the magni-
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tude of completion to be lowered from ~2.5 to ~1. Retailleau
et al. [2022] located all detected events with NonLinLoc [Lo-
max et al. 2000] using the previously-mentioned Lavayssiere
et al. [2022] local 1D velocity model. Similarly to the previ-
ous seismic studies on Mayotte, our catalog shows VT events
located in two distinct clusters, both at depths of 25-45 km,
but highlights more detailed structures than previous catalogs
(Figure 1A).

To avoid bias due to outlier events while acquiring a sig-
nificant catalog size, we selected well-constrained events with
minimum root-mean-square (RMS) and locations errors, yield-
ing a final catalog of 32,827 events* (Figure 2). Due to the land
network configuration, the errors in location increase as the
events are located further to the east of Mayotte. Thus, we
determine different thresholds for the events’ selection for the
proximal (~5—10 km from the network) and distal (~30-50 km
from the network) cluster. For each cluster, we search the lo-
cation error values with the highest number of events on the
error distribution graph. For example, for the longitude er-
rors in the proximal cluster, the error with the highest count
of events has 9,073 events (max count line, Figure 2). We
calculate 20% of this maximum count—a percentage chosen
because it combines a sufficient number of events and con-
sistency in the locations—and we obtain the threshold error
value. Following the previous example, we plot the line repre-
senting 20% of 9,073 on the distribution graph (20% max count
line), and hence identify the longitude error threshold at 6.5
km (Figure 2). We then select all events that have lower errors.
Using this process, we determined the following thresholds
(Figure 2):

¢ For the proximal cluster: RMS <0.13 s, longitude error
<6.5 km, latitude error <6 km, and depth error <6 km;

e For the distal cluster: RMS <0.1 s, longitude error <10.5
km, latitude error <12 km, and depth error <19 km.

Figure 3 represents example signals recorded by station
MTSB for VT earthquakes in the proximal [A] and distal [B]
cluster. Both events have energy in the 1-40 Hz band and
clear P- and S-wave arrivals with a few seconds of difference.
We show in Figure 4 that the ellipsoids of our locations er-
rors remain relatively large, which is expected considering
the azimutal gap of the land network. If we compare with
Lavayssiere et al. [2022], their catalog shows smaller errors
because they used OBS stations that surround the seismic-
ity, resulting in a smaller azimutal gap. Small-size structures
(i.e. smaller than the average error estimated at ~4x4x4 km)
will be interpreted and discussed in terms of relative locations
compared to the rest of the events. We will focus in this study
on the significant temporal evolution of the clusters, hence
working on their relative locations.

Ultimately, the two clusters are well-defined (Figure 1, Fig-
ure 4). The distal cluster is a small linear cluster, aligned in
a ~110-130°N direction towards the FMV. The events in this
cluster get shallower, up to ~25 km depth, to the southeast, in
the direction of the FMV (Figure 1A). These shallowest events
are also the most recent of the analysed period (Figure 1B).

*https://figshare.com/s/5bc4338f4e6ed66f7b9a
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Figure 2: Location errors distribution. Dark red histograms are the errors’ distributions before selection of the well-constrained
events. The bright red histograms are the errors’ distributions after selection. Graphs for the proximal cluster are plotted on the
left and on the right for the distal cluster. From top to bottom: RMS, longitude errors, latitude errors and depth errors. See main

text for details.

In contrast, the proximal cluster, closest to Petite Terre, rep-
resents 95% of the catalog. It has a circular shape horizon-
tally and a complex structure in depth (Figure 1A). Its deepest
events are at the edges of the cluster (blue nodes) whereas
the shallowest events are located in its center and at the west
edge (orange/red nodes). We do not detect any obvious link
between depths and temporal evolution for this cluster.
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3 DEPTH OF MAYOTTE'S ACTIVE MAGMATIC PLUMBING
SYSTEM

Seismicity at volcanoes is generally dominated by shallow
events, in the upper crust and below the surface edifices, re-
flecting the fracturing generated by magma intrusions towards
the surface [Ratdomopurbo and Poupinet 2000; Roman et al.
2008]. In contrast, apart from the first few months of activity
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Figure 3: Examples of three-component waveforms and spectrograms of an event from the proximal [A] and the distal [B] cluster.

that led to the start of the eruption [Cesca et al. 2020; Lemoine
et al. 2020], Mayotte earthquakes have been confined between
25 and 45 km depth from March 2019 to March 2021. It has
remained this deep since then [REVOSIMA 2022] Saurel et
al. [2022] tested different velocity models for their earthquakes
locations and found consistency in the resulting depth ranges.
Moreover, all studies using different location processes also
found similar depths [Cesca et al. 2020; Lemoine et al. 2020,
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Figure 4: [Top] Map of the two seismicity clusters after selec-
tion with the maximum likelihood locations in blue and associ-
ated horizontal ellipsoidal errors as black ellipses. Red dashed
lines are the traces of the cross-section below. [Bottom] Cross-
section across both clusters with the maximum likelihood loca-
tions in blue and associated depth errors as black lines.
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Bertil et al. 2021; Feuillet et al. 2021; Lavayssiere et al. 2022].
The Moho in the region surrounding Mayotte has been esti-
mated at 17-27 km depth [Dofal et al. 2021], consistent with
the 1D velocity model by Lavayssiere et al. [2022]. From these
estimations, Mayotte events occur entirely in the upper man-
tle. These depths are unexpected due to the dominant ductile
nature of the upper mantle [McKenzie et al. 2005]. For a ductile
material to become brittle at such depths, very high strain rates
and/or increased pore pressure are necessary. This is possi-
ble in volcanic systems where there are rheological changes
(composition and/or temperature) in specific areas, where im-
portant movements of melt can occur, increasing the strain
rate enough for shear failure to occur, and where gases con-
tained in the melt can exsolve. The long-term character of
Mayotte deep seismicity differs from the transient deep VT
and LP seismicity detected at other magmatic systems, gen-
erally interpreted as evidence of magma replenishment in the
deep parts of the magmatic systems [Wright and Klein 2006,
Michon et al. 2015; Shapiro et al. 2017; Hotovec-Ellis et al.
2018; D’Auria et al. 2022; Wilding et al. 2022]. The authors of
these studies interpret that deep earthquakes can be linked to
lithospheric dynamics (i.e. plate movements, melt migrations,
plume, etc.), to adjustments of the lithosphere from the load of
the surface edifices, to flank movements, or to fluid migrations
in conduits and reservoirs, all processes also interacting with
regional stresses.

The earthquakes are confined at slightly different depths
for the two clusters. The proximal cluster seismicity starts
at ~22 km depth, and this limit slowly becomes deeper from
May 2020 (Figure 5C). On the other hand, the distal cluster
events were blocked at ~38 km before mid-March 2020, with
only a few events reaching shallower depths, and at ~30 km
after mid-March 2020 (Figure 5C). The absence of shallow
seismicity could partly be due to the sole use of the land net-
work, thus limiting small event detection. Indeed, while we
detect events of My <0.5 in the proximal cluster, we do not
detect events of My, <1 around the distal cluster (Figure 5B).
However, shallow events were not detected either on previ-
ous studies using OBS data [Saurel et al. 2022]. Shallow events
have been identified at the beginning of the swarm, before
our study period, with only few and regional stations avail-
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rates from GNSS data is indicated in A’ [Beauducel et al. 2020; Peltier et al. 2021]. [B] Evolution of the events’ magnitudes. [C]
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able at the time. Such shallow events have not been observed
since the network was improved. During this period the activ-
ity was strongest and magma propagated towards the surface
[Cesca et al. 2020; Lemoine et al. 2020), with the largest esti-
mated flux rates in late 2018 [Mittal et al. 2022; Peltier et al.
2022]. Consequently, the medium could have been sufficiently
reopened during this first stage and magma could have prop-
agated aseismically later on. We note that these early shallow
events were located with a scattered and distant land net-
work and lack precision in depth. Consequently, they may
not be shallower than events in our catalog. If this is the
case, then magma has been propagating aseismicially in the
crust since the beginning of the eruption. Petrological analyses
from dredged magma samples have suggested the presence of
magma lenses at ~17 + 6 km depth and the stalling of magma
above 20 km depth, depths at which basanitic magma evolves
to phonolite [Berthod et al. 2021a]. The lack of shallow seis-
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micity in the proximal region could hence be explained by an
upper crust too fractured and ductile for shear failure to occur,
as is also suggested by tomography [Foix et al. 2021] and by the
numerous cones on the seafloor, signs that previous eruptions
have significantly fractured the crust.

4 MAYOTTE'S COMPLEX MAGMA PLUMBING SYSTEM

During volcanic eruptions, the crust and lithosphere experi-
ence a physical transformation and seismicity occurs when
the build-up stress of the plumbing system and surrounding
region is suddenly released, either because of propagation of
hydrothermal and/or magmatic fluids or because of deforma-
tion of the reservoir. Thus, it is common to interpret VT earth-
quakes as the reaction of the solid Farth to the migrations of
magmatic fluids towards the volcanic vents and changes in
the stress field. However, the absence of VT seismicity in a
region surrounded by seismic activity is also used as an in-
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dication of a region of potential magma storage [Jiménez et
al. 1999; Hotovec-Ellis et al. 2018; Illsley-Kemp et al. 2021].
These gaps inside a seismically-active zone appear because
reservoirs are too hot and ductile for shear failure to occur.
On the other hand, the host rocks at the limit of the reservoir
break because of escaping fluids or because deformation of
the walls induces failure. These gaps can be truly aseismic or
they could be a zone of low-magnitude seismicity (i.e. below
detection limit) or a zone of unaccounted-for velocity change
that biases locations away from this region. In this section we
analyse the spatial distribution of the seismicity to infer such
structures in the Mayotte volcanic system.

The complex shape of the proximal cluster provides evi-
dence for several seismicity gaps inside active structures. The
bottom part of the cluster is shallower at the center (~40 km
depth) and deeper on the sides (~45 km depth), with some
scattered events in the middle (zone 1, Figure 6). Geobarome-
try results on recently emitted lavas at the FMV estimated the
magma’s origin at depths >40 km [Berthod et al. 2021b] and
other studies proposed the presence of a magma reservoir be-
low the proximal cluster [Feuillet et al. 2021; Lavayssiére et al.
2022]. Consequently, the distribution of the bottom proximal
seismicity seems to delimit the extent of a potential reservoir
to a size of ~10x10x5 km. Deformation studies also mod-
elled the main deflating reservoir at this same depth of 45
km, although the horizontal location does not match [Mittal
et al. 2022; Peltier et al. 2022]. The drainage/replenishment of
this deep reservoir could have induced the fracturing of pre-
existing faults around it.

Our catalog show newly observed and clear structures in-
side the proximal cluster. Two types of aseismic zones, spher-
ical and linear, surrounded by seismicity, persist between
March 2019 and March 2021 (zones 2 and 3, Figure 6). One
of those is a spheroidal gap located at the top of the cluster at
~25-30 km depth (zone 2, Figure 6). This feature is similar in
size (~2x5x5 km) to our average error in location but never-
theless reveals a clear gap in relative locations. This zone is
evocative of a magma storage zone and our catalog shows the
3D geometry of this potential reservoir in detail. Our new ob-
servations also show that in relative locations this gap seems
to have expanded with time (Figure 6). This migration of
the seismicity around a potential reservoir could fit with the
presence of a porous magma mush adjacent to a visco-elastic
reservoir, which was suggested by a new conceptual model
[Mittal et al. 2022]. Similar to the deep reservoir, the defor-
mation of this central mush zone could have built up pressure
around its sides and triggered the (re)opening of small faults.

The other type of aseismic zone highlighted by the proxi-
mal seismicity is a linear structure at the center of the cluster
that had not been observed in previous Fani Maoré seismicity
studies (zone 3, Figure 6). Note that this feature is clear but
small (less than ~1 km across for ~10 km long) compared to
our location errors. It starts at the bottom of the spheroidal
gap and extends to the bottom of the cluster. On the SW-NE
cross-section, a second linear gap is visible, dipping towards
the northeast (zone 3', cross-section D, Figure 6). LP events are
located almost exclusively in those linear VT gaps (Figure 6).
The same location procedure was used to locate both types of
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events. Consequently, if there are biases due to the geomety of
the stations, they are the same for VT and LP earthquakes [Re-
tailleau et al. 2022]. Thus, even if our absolute locations may
be slightly incorrect, we can interpret the LP locations rela-
tive to the VT locations. The occurrence of LP earthquakes
inside gaps of VT seismicity was previously interpreted as the
presence of magmatic fluids, as LP events are indicative of a
propagation through a fluid-rich medium [Hotovec-Ellis et al.
2018; Retailleau et al. 2022]. If the linear structures highlighted
here represent conduits, both the presence of LP and the ab-
sence of VT seismicity could be explained by the intrusion of
fluids in a pre-exisitng already-fractured conduit system.

The proximal cluster started being active after the distal
cluster, which is related to the dike propagation [Feuillet 2019;
Cesca et al. 2020; Lemoine et al. 2020]. Consequently, we ex-
pect the two clusters to be linked. However there is no seis-
micity at any depth in between the clusters (Figure 1). This
can be explained if the magmatic conduits have already been
sufficiently fractured and the magma propagation does not
fracture the medium anymore. It is possible that seismicity
occurred previously in this region but has not been properly
located due to the lack of a local seismic network. However,
the distal cluster provides evidence for fracturing further along
the propagation path. Another possibility for the absence of
seismicity in between the clusters is the presence of another
active magmatic reservoir, as this aseismic region is closer in
horizontal location to the main reservoir modelled by defor-
mation studies [Mittal et al. 2022; Peltier et al. 2022] (Figure 7).

These four aseismic regions suggest a complex active sys-
tem with several storage zones and connections where mag-
matic fluids might migrate/have migrated in the past (Fig-
ure 7). These migrations could have reactivated a pre-existing
fault system by disturbing the local stress-field [Jiménez et al.
1999; Michon et al. 2015; Hudson et al. 2017; Burgess and Ro-
man 2021; Ortega-Romo and Chen 2021]. The combination
of several potential reservoirs and this fault system would ex-
plain the complex seismicity of the proximal cluster. Melt can
move at significant pressure, sufficient to induce brittle fail-
ure of the host rock, and the fluid intruding into the resulting
cracks can provide a volumetric increase for the melt to con-
tinue moving [Michon et al. 2015; Hudson et al. 2017]. This
correlates with our observations for the distal cluster as well
as observations of transient deep seismicity beneath volcanoes
[Michon et al. 2015]. There are also several observations of
VT earthquakes triggered by an increase in volatiles, mainly
COy, exsolved from the melt by decompression as melt rises
through depths [Hudson et al. 2017; Hotovec-Ellis et al. 2018]
or by crystallisation of melt in situ [Tait et al. 1989; Ratdo-
mopurbo and Poupinet 2000], and creating an overpressure
on the system [Hudson et al. 2017]. That might explain the
distribution of the seismicity around melt conduits and stor-
age zones, such as the proximal system in Mayotte and, more
generally, the seismicity beneath erupting volcanoes. We note
that these movements of fluids in the system could be linked
to the observations of discrete degassing at the seafloor above
the proximal cluster [MAYOBS campaigns, Rinnert et al. 2019;
REVOSIMA 2022], and to LP and VLP events that have been
detected and located at or above the proximal cluster [Laurent
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Figure 7: Schematic interpretation of the mid-March 2020 regime change. Cross-section across both clusters with events colour-
coded by time and sized by magnitudes before (left) and after (right) mid-March 2020. Traces of the cross-sections are indicated
on the respective maps. Zones of interest are discussed in the main text. A region (grey layer) combining estimated Moho
depths [Dofal et al. 2021; Lavayssiére et al. 2022] and presence of magmatic sills [Berthod et al. 2021a], as well as the locations
of observed fluid escapes at the seafloor [REVOSIMA 2022], are also indicated.

et al. 2020; Retailleau et al. 2022]. When melt or gases rise
through an already-existing faulting system, the favorably ori-
ented faults can be reactivated by the same processes that cre-
ates new faults, and with a lower stress-load needed [Michon
et al. 2015; Hudson et al. 2017; Burgess and Roman 2021]. As
our study area contains an underwater volcanic ridge [Feuillet
et al. 2021], a pre-existing plumbing system is highly likely.
Hence, the seismogenic structures observed during Mayotte
eruption are probably reflecting the part of the pre-existing
fault system subjected to increased pressure, but not the full
extent of the magmatic plumbing system.

5 EVOLUTION OF THE SEISMICITY AND EVIDENCE FOR A
REGIME CHANGE IN 2020

Opverall, Mayotte’s seismicity has been decreasing since 2019
(Figure 5A) [REVOSIMA 2022]. In detail, during the period
we analyse, the temporal evolution differs between the two
clusters, though there is also evidence of simultaneous changes
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in activity. Note that in the following section, the distribution
of the events is discussed in terms of relative location rather
than absolute.

From studies on the early part of the activity [Cesca et al.
2020; Lemoine et al. 2020; Bertil et al. 2021], we know that
the distal cluster was the first to appear in May 2018 and has
been linked to magma migration towards the FMV. Its seis-
micity has been interpreted as the (re)activation of faults by
the propagation of a dyke [Cesca et al. 2020; Morales-Yénez
et al. 2022]. From our observations, between March 2019 and
early 2020, the activity in this cluster was relatively constant
with ~10 events per week on average (Figure 5A). However,
there was a significant change between mid-March 2020 and
January 2021 with an increase in activity that coincides with
several events of My 3—4, some felt in Mayotte [REVOSIMA
2022] (Figure 5B). It also coincides with the occurrence of
slightly shallower events relative to the others (Figure 5C).
The dominant activity in the distal cluster from mid-March
2020 to early 2021 is distributed in a banana shape that shal-
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lows to the southeast, in a direction towards the northwest
of the FMV (Figure 7). This distribution suggests a new mi-
gration of magma and/or fluids, consistent with a change in
modelled magma flow rates between January and June 2020
(Figure 5A) [Mittal et al. 2022]. This new migration either
stopped at Moho depths or reached the surface aseismically
(i.e. Section 3). Punctual evolution of the active lava flows was
observed with the MAYOBS oceanographic campaigns [Rin-
nert et al. 2019]. Besides the FMV, active lava flows have been
observed to the south of the edifice (May-June 2019) and to the
west (June-July 2019). Between July 2019 and January 2021,
the active lava flows have been focused to the northwest of the
FMV and between early 2020 and early 2021 an increase of
the height of these northwest lava flows have been detected
[Rinnert et al. 2019; REVOSIMA 2022]. These observations
would support aseismic migrations reaching the seafloor to
the northwest of the FMV after mid-March 2020 (Figure 7).

The proximal cluster started being active after a few
months of the eruption and followed GNSS observations in-
dicating a deflation in the region. This suggests the drainage
of a main reservoir at depth [Cesca et al. 2020; Lemoine et al.
2020; Feuillet et al. 2021; Mittal et al. 2022]. Some authors in-
terpret the 30-50 km-depth proximal seismicity as dominant
major faults above a draining reservoir, similar to ring faults
[Lavayssiere et al. 2022], and a caldera collapse/piston system
[Feuillet et al. 2021], or as critically-stressed faults that reacted
to poroelastic stress changes in a magmatic mush zone [Mittal
et al. 2022]. Such a deep seismic cluster above a lithospheric
reservoir has also been observed at La Palma during the 2021
Tajogaite eruption, although it was accompanied by shallower
seismicity and the mantle seismicity was transient [D’Auria et
al. 2022]. D’Auria et al. [2022] suggested similar explanations
for the complexity of the earthquakes distribution: magma
compression with increased pressure due to magma being
pushed downward by a collapse of the crustal material and
upward by magma ascending from the mantle; or stress prop-
agation due to magma withdrawal. However, the Tajogaite
eruption was associated with visible morphological observa-
tions of the caldera collapse, a mechanism well known when
calderas are associated with shallow reservoirs in the crust.
This collapse mechanism is highly debated in relation to May-
otte. First, there are no morphological observations at the sur-
face. Moreover, the observed seismicity and interpreted main
reservoir are much deeper compared to suggested collapse
cases. With the smaller magnitude of completeness reached
with our catalog, we show a more complex and wider sys-
tem. In Hawai'i, a deep magmatic plumbing system has been
evidenced with the same deep-learning earthquakes detection
method we used here [Wilding et al. 2022]. They showed a
deep VT cluster associated with LP swarms approximately
30 km from the Kilauea summit and caldera. However, this
mantle seismicity was transient in their case. They interpreted
the VT and LP events as resulting from magma infiltrations
in a deep sill complex, connected to the shallower plumbing
system of the Hawaiian volcanoes. The similarities in the dis-
tance from the eruption as well as the presence of LP events
inside a VT cluster between Hawaii and Mayotte hints that
these are more common structures and mechanisms than pre-
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viously thought. It shows the importance of better detection
and location methods, and the difficulty in interpreting large
complex catalogs.

The proximal activity decreased significantly in April-May
2019 and most of it continued to decrease more slowly since
then with ~25 events per week in March 2021 (Figure 5A).
However, the early-2020 change in activity we detected in the
distal cluster is also visible in the proximal cluster with a slight
increase in the number of events, some shallower events (<20
km), a few larger earthquakes (M}, >3) and several felt earth-
quakes [REVOSIMA 2022] (Figure 5). This suggests that the
proximal and distal clusters are linked.

While the number of VT events varies only slightly and
their overall magnitudes do not change in the proximal cluster
in March 2020, there is a significant change in the active struc-
tures below ~30 km depth (Figure 7). Several groups of VT
events highlighted by our catalog have interesting evolution
patterns. A well-defined near-vertical linear group of seismic-
ity stands out in the proximal cluster, in the center west (cross
section D, Figure 6, Figure 7A). This structure is fully inactive
by March 2020 (Figure 7B). It is located at the west side of the
vertical central aseismic conduit mentioned previously (zone
3, Figure 6, Section 4). The east side of the second aseismic
conduit (zone 3’, Figure 6) is also accompanied by aligned seis-
micity, though this group is less defined and more distributed
spatially. The seismicity that coincides with the sides of the
second conduit disappears after March 2020 but the rest of this
group is still active, particularly in the southwest (Figure 7B).
In between the two aseismic conduits, there is seismic activ-
ity as well, still active after March 2020 but in lesser numbers.
These seismicity groups at the sides of the aseismic conduits
may be explained by the reactivation of faults due to the prop-
agation of magmatic fluids that increased pore fluid pressure.
Their disapearance coincides with the end of detectable de-
formation [Mittal et al. 2022; Peltier et al. 2022; REVOSIMA
2022] and hence also hints at mechanisms related to the stress
imposed by the deformation of the complex reservoir system.
We detect a small swarm of LP occurring in early 2020 (Fig-
ure 5A). The LP seismicity slowly decreases after November
2019 until this peak that coincides with the slight increase in
proximal VT, suggesting new but small fluids migrations in
the proximal magmatic conduits. The disappearance of these
groups of seismicity after mid-March 2020 makes them rep-
resentative of the main processes occurring in the proximal
cluster in the first part of the eruption. Finally, the rest of
the proximal seismicity (Figure 7B), which stayed active after
March 2020, is more scattered. The central part of the prox-
imal seismicity has been slowly disappearing and the more
recent earthquakes are mainly at the sides (Figure 7). This
might indicate that the stress load is being slowly redistributed
around the pre-existing volcanic plumbing system. We do
not see any specific change in March 2020 for this part of the
proximal seismicity. We note two main regions that are still
intensely active after mid-March 2020: the west part, closer in
horizontal distance to Mayotte, between 30 and 45 km depth
(cross section C, Figure 6), and the southeast part, between 30
and 35 km (cross section B, Figure 6).
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The mid-March 2020 change in activity hints at a regime
change for the system. If previously the system mainly re-
acted to the drainage of the deep reservoir, it is now react-
ing to the redistribution of the stress and to new migration
of fluids at depths, without any new detectable deformation
[REVOSIMA 2022]. Such surges of activity during eruptions
have been seen at other volcanoes [Jiménez et al. 1999; Burgess
and Roman 2021] and are important to understand for better
monitoring and forecasting of long-term eruptions. Several
surges of seismicity were detected between 2015 and 2020 in
Hawai'i [Burgess and Roman 2021] and their differences were
explained by a change in the nature of the intruded rock: in-
trusion into a ductile and well-developed system associated
with minimal seismicity and intrusion in a non-developed
system (or intrusion too large to be accommodated by the
already-existing conduit system). In 2019 in particular, ~one
year after the end of a large caldera collapse event at Rilauea,
a mantle-deep earthquake swarm was observed ~30 km away
from the caldera [Wilding et al. 2022]. This last surge seems
interestingly analogous to the Mayotte seismic sequence with
deep VT earthquakes and complex lateral movements, but dif-
fers by its transient nature. Surges can also occur during one
eruption [Jiménez et al. 1999]. Cyclic episodes of earthquake
swarms during the 1982 El Chichén eruption were related to
progressive filling of the volcanic conduits due to renewed
pressure. Finally, surges of LP activity, such as the swarm
we observed in the proximal cluster early 2020, were also ob-
served beneath volcanoes and are generally related to new
magmatic unrest. Hence, the regime change we observed in
mid-March 2020 is probably a combination of changes: end of
the draining of the deep reservoir but new migrations of flu-
ids in the volcanic system’s conduits, and it hints at an inter-
connectivity inside the plumbing system that has rarely been
observed before.

6 CONCLUSIONS

We explore Mayotte’s deep magmatic system using a two-year
comprehensive catalog of VT seismicity. This catalog was ob-
tained with automatic detection procedures and re-locations of
the events between March 2019 and March 2021. The evolu-
tion of this VT seismicity through time provides insights into
the dynamics of the magmatic plumbing system.

We showed that the VT seismicity is complex in Mayotte,
with different processes at play that modified the local state
of stress. We propose three potential magma storage zones,
some connected by aseismic conduits, and interpret that the
migration of magmatic fluids overpressured the system and
triggered the reactivation of pre-existing faults. These fluids
either rise aseismically from ~30 km depth due to an already-
fractured crust and/or are stalling at different depths due to
the presence of pre-existing magma accumulations zones as
well as specific tectonic layers such as the Moho.

We also show that magma release from a deep reservoir is
the main process triggering the VT seismicity until mid-March
2020 with the reactivation of the pre-existing fault system. Af-
ter mid-March 2020 however, the system reacts to new mag-
matic fluids migrations at depth and to the redistribution of
the stress load across the pre-existing fault system.

Presses universitaires de Strasbourg

Mayotte’s seismicity has generally decreased since 2019 and
at the end of our time period, in March 2021, events are very
deep but only ~5 km from Petite Terre island in horizontal dis-
tance, still posing a risk for Mayotte’s population. It is essential
to keep monitoring the seismicity in this region.
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