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ABSTRACT

Starting in May 2018, a volcano-tectonic crisis occurred in the vicinity of Mayotte, a volcanic island in the
Comoros Archipelago in the Mozambique Channel. The origin of the volcanism but also the subsurface archi-tecture
and nature of the crust, remain unknown. Here, based on receiver function analyses that provide S-wave velocity
profiles, we determine the depth of Mohoroviti¢ discontinuity (Moho) and Vp/Vg ratios for volcanic islands in the
Mozambique Channel. We propose that the crust beneath Mayotte and Juan de Nova islands is of continental nature,
while it appears to be of oceanic origin beneath Europa and Grande Glorieuse islands. Our results suggest that
Mayotte edifice grew on an isolated continental block abandoned during the Gondwana breakup and the opening of
the Mozambique Channel. The continental crust is underlain by a thick (9-10 km) and fast layer, interpreted as
magmatic underplating which may result from the 20-Myr-long duration of the volcanism. The new velocity model
determined from the seismic station on Mayotte can be used to relocate the seismicity related to the ongoing volcano-

tectonic crisis.

1. Introduction

In the Mozambique Channel, the nature of the lithosphere and the
location and geometry (sharp or broad) of the Ocean-Continent transi-
tion are still under debate (Fig. 1A). In the Mozambique Basin, i.e. in the
southern part of the Mozambique Channel, successive campaigns
involving magnetic, seismic reflection and refraction surveys led to a
consensus about the oceanization processes and the oceanic nature of
the crust (e.g. Leinweber and Jokat, 2012; Senkans et al., 2019). In the
northern Mozambique Channel, i.e. the southern Somali Basin and the
Comoros Basin, two hypotheses regarding the nature of the crust have
been proposed. Talwani (1962) suggested from isostatic data an
abnormal oceanic crust, while slight magnetic anomalies in the Comoros
Basin led Lort et al. (1979) to propose a continental crust in the southern
half of the northern Mozambique Channel. Recent geophysical data
confirm a continental nature of the crust limited to the western and
southern parts of the Comoros Basin (Klimke et al., 2016; Roach et al.,
2017; Vormann et al., 2020) and an oceanic crust beneath its northern
half (Vormann et al., 2020). However, the occurrence of quartzite in-
clusions in volcanic rocks from the Comoros Archipelago, limiting the

Comoros Basin in the north (Flower and Strong, 1969), and the presence
of a massif of quartzite on the island of Anjouan (Fig. 1B; Flower, 1972)
suggest that this archipelago could be built on a continental crust or at
least over continental crust slices. Thus, the location of the
Ocean-Continent transition in the northern Mozambique Channel re-
mains unclear.

In May 2018, a seismic crisis associated with the appearance and
building of a new submarine volcano started east of Mayotte Island (see
the seismic swarm in Fig. 1B; Bulletins from the volcanological and
seismological monitoring network of Mayotte: ReVoSiMa, http://www.
ipgp.fr/revosima; Cesca et al., 2020; Lemoine et al., 2020; Feuillet et al.,
2021). The new volcano represents a new threat for the population of
surrounding islands. Thus, in order to improve our knowledge on the
nature of the crust in the Mozambique Channel and to better relocate the
volcano-tectonic seismicity close to Mayotte, we investigate the crustal
structure beneath seismic stations deployed on several volcanic edifices
of the region (Mayotte, Grande Glorieuse, Juan de Nova and Europa;
Fig. 1) and along the southeastern part of Madagascar, chosen as a
“continental” reference. We applied the receiver function (RF) technique
on the seismic records from land seismic stations deployed temporarily
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during the RHUM-RUM experiment (Réunion Hotspot and Upper Mantle
— Réunion Unterer Mantel, Barruol and Sigloch, 2017, Barruol and
Sigloch, 2013 www.rhum-rum.net). This limited RFs dataset has been
inverted with the Neighborhood Algorithm (NA, Sambridge, 1999) to
determine the S-wave velocity structure beneath all stations. Further-
more, we used the H-k stacking method (Zhu and Kanamori, 2000) to
constrain the mean crustal Vp/Vg ratio and the mean Moho-depth values
and consequently increase the robustness of our interpretations.

2. Geological context

The Mozambique Channel results from the dismantling of the
Gondwana along the East African margin, which started with a Permo-
Triassic rifting phase (e.g. Cox, 1992). The syn-rift sediment sequence
called Karoo is found in basins such as the Morondava and Majunga
Basins (e.g. Rogers et al., 2000), along the Davie Ridge (Bassias and
Leclaire, 1990) and the central Mozambique margin (Senkans et al.,
2019). From the Middle Jurassic to the Early Cretaceous, the Davie
Ridge accommodated the opening of two basins (Coffin and Rabinowitz,
1987). In the north, the Somali Basin resulted from the southward drift
of Madagascar leading to oceanic accretion between ~150 and 120 Ma
(Ségoufin and Patriat, 1981) with N-S crustal extension along E-W
trending ridges (Davis et al., 2016) supported by magnetic anomalies
(Phethean et al., 2016) and SKS splitting measurements (Scholz et al.,
2018) compatible with ridge-parallel asthenospheric flow. In the south,
the Mozambique Basin is due to the separation of Africa and Antarctica
that started at the end of the Jurassic (Konig and Jokat, 2010; Leinweber
et al., 2013) and finished during the Early Cretaceous (e.g. Rabinowitz
et al., 1983).
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An intense volcanic phase related to the Marion hotspot activity took
place during the Upper Cretaceous (Chatterjee et al., 2013). It likely
participated in the separation of India from Madagascar (Storey et al.,
1995), the building of submarine magmatic plateaus (e.g. Madagascar
Rise; Zhang et al., 2011), and flood basalts covering parts of Madagascar
(de Wit, 2003). Grande Glorieuse Island, associated to the NW-SE vol-
canic alignment of Aldabra, may be linked to this activity (Courgeon
et al., 2016).

The last volcanic episode in the Mozambique Channel seems to be
related to the activity of the Tertiary East African Rift System (EARS;
Fig. 1B; Michon, 2016; Famin et al., 2020). The volcanism of several
islands (Comoros Archipelago, Bassas da India) and seamounts (Saka-
laves along the Davie Ridge and Natal seamounts) is coeval with the
volcanism of the EARS (e.g. Courgeon et al., 2016, 2018; O’Connor
etal., 2019). Moreover, the location of the seismicity along the Comoros
Archipelago, the Davie Ridge and the Quathlamba Seismic Axis favors a
southward continuity of the EARS in the Mozambique Channel (Hart-
nady, 1990). Tectonic deformation revealed by seismic reflection studies
supports this hypothesis (Franke et al., 2015; Deville et al., 2018).

At upper mantle scale, structures display strong latitudinal variations
along the Mozambique Channel that may explain the past and recent
volcano-tectonic activity. Surface wave tomographies (Mazzullo et al.,
2017) evidence thick and fast lithosphere (more than 100 km) in the
central part of the Mozambique Channel, thinning further south in the
Mozambique Basin and also thinning to the north beneath the Comoros
Archipelago and the Somali Basin. Mayotte hence appear to be sitting
above a thinner lithosphere (~80 km) overlying a hotter than normal
asthenosphere spreading from the Mascarene Basin further east (Barruol
et al., 2019).
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Fig. 1. General map of the studied area. (A): Location of the seismic stations used in this study (triangles). Seismic station GLOR, MAYO, JNOV, EURO and RUM4
stands for Grande Glorieuse Island, Mayotte Island, Juan de Nova Island, Europa Island and a station located on the eastern coast of Madagascar, respectively. VINA is
a station from the study of Andriampenomanana et al. (2017), which revealed a crustal thickness of 35 km. Color lines and the referred number accounts for several
proposed Continental-Ocean Boundary (COB) or Ocean-Continent transition (OCT): (1) Mascle et al., 1987; (2) Ségoufin and Patriat (1981); (3) Klimke et al. (2016);
(4) ségoufin et al. (2004); (5) Klimke et al. (2018); (6) Mueller and Jokat (2017). (B) Structural map of the Mozambique Channel. Red lines indicate tectonic plate
boundaries while dashed red lines indicates diffuse or proposed tectonic boundaries (e.g. Stamps et al., 2008; Famin et al., 2020). Blue dots: location of the seismicity
provided by the USGS between 1960 and 2018. Red area represents the Quathlamba Seismic Axis and green area stands for the volcanic edifice alignment of Grande
Glorieuse (Courgeon et al., 2017). G. C. stand for Grande Comore; A. Anjouan; M., Mohéli; Ma., Mayotte; G. G., Grande Glorieuse; J., Juan de Nova Island and E.,
Europa Island. Finally, DR stands for Davie Ridge. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)



3. Data and methods

We retrieved seismic waveforms from 5 broad-band seismic stations
from the RHUM-RUM experiment (Barruol et al., 2017; https://doi.org/
10.15778/RESIF.YV2011) located on Mayotte (MAYO), Grande Glori-
euse (GLOR), Juan de Nova (JNOV) and Europa (EURO) islands and
finally the eastern coast of Madagascar (RUM4; Fig. 1A). Full details of
data are available in Table S1.

We used two P-wave RFs methods (see details in the supplementary
material: Text S1) to characterize the crustal structure and the Moho
depth below each station, as previously described in several studies
(Fig. S2; e.g. Fontaine et al., 2013a,b; 2015; Lamarque et al., 2015).
Seismic records from teleseismic events were selected by (1) an
epicentral distance located between 25° and 90° from the station
(Fig. S1), (2) amagnitude higher than 5.5 and (3) a Signal-to-Noise Ratio
(SNR) larger than 2. The data were cut 5 s prior and 30 s after the P-wave
before the iterative time domain deconvolution to compute P-wave RFs
(Ligorria and Ammon, 1999).

The Neighborhood Algorithm (NA) inversion method (Sambridge,
1999) was applied to compute an ensemble of solutions of S-wave ve-
locities (Vs) profiles (Fig. 2; see details in the supplementary material:
Text S1). Radial RFs were grouped by back-azimuths and by ray pa-
rameters satisfying pmedian = 0.006 s km ! to compute the average RF in
each 90° quadrant in order to minimize the possible effects of crustal
anisotropy and dipping seismic interfaces (see Fontaine et al., 2013a for
further details). The quadrant presenting the maximum numbers of
constraints, (i.e with the highest number of RFs) has been used for the
stacking procedure. To determine the velocity interfaces from the
S-wave velocity (V) profiles, we considered the 1000 best fitting models

and their average (black line in Fig. 2F-J).

We also applied the H-k stacking method on the dataset to determine
which interface modeled by the NA corresponds to the Moho (Zhu and
Kanamori, 2000; see details in the supplementary material: Text S1). For
the H-x stacking method, the whole set of RFs is used without distinction
of back-azimuth. By determining the time lag between the P and the Py
phase and between the P,,;; phase and its crustal multiples (PpPms and
PpSms + PsPms) and assuming a constant crustal velocity, this method
allows to jointly determine the Moho depth (H) and the Vp/Vg ratio (x),
this latter being a good proxy of the crustal nature. The definition of
each phase is fully detailed in Fig. S3. Results are presented in Fig. 3.

4. Results

Madagascar. Seismic records from RUM4 station display the highest
SNR of the study (Fig. S2A). The ensemble of RFs (i.e., 5 RFs) and the
stacked RF obtained for the NA show the Pps phase at ~5 s after the
direct P phase (Fig. 2A). The modeled RF describing the average of the
1000 best velocity models in Fig. 2A shows an excellent fit with the data.
The S-wave velocity curve obtained from the NA inversion presents a
constant velocity gradient down to around 32 km, then an increase of
the velocity until Vs 4.4 km/s at 42 km depth (Fig. 2F). The H-x
stacking results confirm that the Moho likely lies at 42 km depth and
indicate an average Vp/Vs ratio below the station of 1.68 + 0.05
(Fig. 3A).

Europa Island. Seismic records from EURO station display a smaller
SNR than at the other stations, which probably explains the lower
quantity of RFs (i.e. 4 RFs; Table S3; Fig. S2B). The stacked RF (Fig. 2B)
shows a Pp,;s phase at almost 1.3 s after the direct P phase, similarly than
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Fig. 2. Receiver function analyses: results of the NA inversion at the five studied seismic stations RUM4, EURO, JNOV, MAYO and GLOR. A-E: comparison between
the measured RF in red and the mean RF determined from the best 1000 models resulting from the inversion in black with the +1 standard deviation limits around
the average in blue. Orange vertical lines indicate for comparison predicted arrival times of the Py,s phase and crustal multiples for the best model resulting from the
H-x stacking model. For MAYO, green vertical lines indicate the Pcs phase (i.e. the phase related to the boundary between the initial crust and the magmatic
underplating body) and the multiples. F-J: Density plot of the best 1000 velocity-depth models over the 45 200 models calculated at each site. The color scale is
logarithmically proportional to the number of models (Nm). The black line shows the average of the 1000 best models. (For interpretation of the references to color in

this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Upper row: plots of H and x parameters obtained from the H-x stacking for RUM4, EURO, JNOV, MAYO and GLOR. The color scale indicates the normalized
amplitude of the stack over all back-azimuths along the travel time curves corresponding to the P,,; phase and crustal multiples. Lower row: radial receiver functions
for these five seismic stations sorted on their increasing epicentral distance. Vertical orange lines indicate predicted arrival times of the P, phase and crustal
multiples for the best model resulting from the H-x stacking model for a weighting of w;, w, and ws of 0.5, 0.5 and O respectively. For MAYO station, a specific
weighting of w; = 0.7, wz = 0.3 and w3 = 0 was applied. Two solutions were obtained for this station and noted H; and Hz, with the respective couples of parameters
(H=17.2km; x = 1.66) and (H = 25.8 km; x = 1.84). Predicted arrival times of phases from the H; and H; solutions are represented correspondingly with green and
orange lines. Name of phases for MAYO station are discussed in the text. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)

on the whole set of RFs of the station. The average S-wave velocity
profile suggests a velocity jump at around 2.5 km depth. From this
boundary, a constant velocity gradient is observed down to ~18 km
depth. The H-k stacking method suggests a Moho at 10 + 0.2 km depth.
The Vp/Vs ratio is however poorly constrained since the range of ratio
with a probability of 0.95 is very wide (Fig. 3B).

Juan de Nova Island. The stacked radial RF determined at JNOV
station from NA selected RFs (i.e. 3 RFs) shows similar phases to the
individual RFs determined at this station (i.e. 10 RFs; Fig. 2C). Most of
these RFs present a clear phase around ~2.7 s after the direct P wave
(Fig. 2C). The modeled radial RF obtained with the NA displays two
distinct phases between 0 and 1 s, which are shouldered on the average
RF, explaining better the first peak (P phase) on the modeled RFs than
the average stacked RF. Amplitudes and arrival time of each phase of the
modeled RF match the data well. The ensemble of best data-fitting S-
wave velocity profiles reveals a seismic discontinuity at depth of ~2.5
km. Another velocity contrast is found at ~20 km below the station
(Fig. 2H), and the H-k stacking suggests a Moho depth of 17.6 + 0.3 km
and a high Vp/Vg ratio of 1.96 + 0.02 (Fig. 3C).

Mayotte Island. The NA stacked radial RF obtained for station MAYO
shows a good consistency with all the individual RFs obtained at this
station (i.e. 9 RFs; Figs. 2D and S2D). Every RF presents peaks around
~1.2s, ~3s, ~6 s and a trough at ~8 s after the direct P wave (Fig. S2D).
Results from the H-x stacking show that the peaks at ~1.2 s and ~3 s
could correspond to two Pms solutions: H; 17 + 3.3 km and a related
Vp/Vs 1.66 + 0 km, and H, 25.86 + 3.9 km and Vp/Vs 1.84 +
0.06, respectively. Arrival times of crustal multiples from H; and Hy
solutions are presented in Fig. 3D. The stacked RF is well fitted by the
modeled RF explaining the average velocity model of the 1000 best
models determined from the NA (Fig. 2D). The predicted RF shows the
~1.2 s that could be convoluted on some RFs and the peak at 3 s
(Fig. 2D). The ensemble of best data-fitting S-wave profiles obtained
from the inversion of the RF shows a sharp velocity hinge at 4 km
beneath the station (Fig. 2I). Beneath this boundary, the S-wave velocity
presents a constant velocity gradient down to 19 km depth. Another
boundary is also modeled at 27 km depth. These interfaces fit well with
the results of the H-x stacking (i.e., 17 and 26 km; Fig. 3D).

Grande Glorieuse Island. The NA stacked RF calculated for GLOR

agrees with the 10 RFs determined at this station (Figs. 2E and S2E). A
prominent high amplitude phase arrives 2 s after the P phase on the data
and on every RF of this station. It corresponds to the P-wave conversion
phase at the Moho discontinuity according to H-x stacking results (Pps;
Fig. 3E). Both the arrival times of the P,,; phase and crustal multiples for
the best model resulting from the H-x stacking model and amplitudes of
theses phases provide a good fit between the modeled RF and the
stacked RF (Fig. 2E). The best ensemble of S-wave velocity profiles ob-
tained from the NA inversion shows discontinuities at ~1 and ~5 km
depth. At 11 km depth, the NA results suggest a velocity discontinuity
that fits well with the determined H-k stacking Moho depth of 11.6 +
0.02 km (Figs. 2J and 3E). A high Vp/Vs ratio of 2.00 + 0.02 was ob-
tained beneath GLOR station (Fig. 3E).

5. Discussion
5.1. Structure and nature of the crust in the Mozambique channel

The study of the lithosphere structure from seismometers located on
the top of volcanic islands, implies that different kinds of structures may
be encountered by seismic waves rising from the deep Earth: the vol-
canic edifice itself, the sedimentary cover, the underlying crust and the
magmatic underplating at the base of the crust. In the following, the
structure beneath the station is considered as simple 1-D layered model.
To determine the nature of the layers, we compare the average Vp/Vg
ratio determined at each station to typical Vp/V; ratio of felsic and mafic
rocks (respectively, <1.78 and >1.81, Artemieva, 2011). The contri-
butions of the sedimentary cover (e.g., Shibutani et al., 1996) with high
Vp/Vs ratio, thermal anomalies induced by partial melting or melt
occurrence that may increase the Vp/Vg ratio (e.g., Hammond and
Humphreys, 2000; Raharjo et al., 2016), and the presence of fluids and
extensive silica enrichment that may decrease the Vp/Vg ratio (Zheng
and Lay, 2006) were taken into account in the global characterization of
the crustal nature. Moreover, we compared our interpretation to
regional studies providing information on the sedimentary cover, the
possible crustal nature and the available surrounding bathymetry of
islands. In the context of volcano-magmatic activity, the structure of the
upper lithospheric mantle can be modified as well. Indeed, the



formation of magmatic underplating can change the seismic properties
on both sides of the Moho by generating a gradual transition between
the crust and the mantle (e.g. Clitheroe et al., 2000). In this case, the
highest expected velocity contrast is at the top of the magmatic under-
plating. In case of underplated magmatic material, a new Moho is
determined at the base of a broad transition between crust and mantle
(e.g. Fontaine et al., 2013a).

The Madagascar seismic station (RUM4) is used to validate the
process by comparing our results with those from Rindraharisaona et al.
(2017).

The RUM4 station located in the coastal area of southeastern
Madagascar is considered as a typical continental reference. The crust is
~42 km thick and the 1.68 Vp/V ratio is in the typical range of conti-
nental crust of the Anosyen domain, a continental crust intruded by a
magmatic suite between ~550 and 510 Ma (e.g., Tucker et al., 2014).
Our results agree well with the previous study of Rindraharisaona et al.
(2017), who determined, from the same seismic station but different
approaches (joint inversion of RF and surface wave dispersion data and
H-x stacking methods), a Moho depth of 38 km and a Vp/V; ratio of 1.69
(Fig. 3A).

Europa Island. The island stands on a seafloor located at 3 km depth
(Smith and Sandwell, 1997). We thus interpret the shallow boundary at
2.5 km depth beneath the seismic station as the limit between the vol-
canic edifice and the underlying geological formations. This interpre-
tation is supported by the absence of lithosphere flexure beneath Europa
Island according to the L7 seismic reflection line of Deville et al. (2018),
acquired in the vicinity of the island. Another boundary is observed at 5
km depth in the best ensemble of S-wave velocity profiles, which may
correspond to the pre-volcanic sediment-to-crust boundary and there-
fore to a 2.5 km-thick sedimentary layer. This thickness is close to the
value (reported as 3.5 km) determined north of the island along the
20140010 refraction line from Mueller and Jokat (2017; Fig. 1A). The
discontinuity suggested by the H-x stacking method at 10 km depth is
not marked by a velocity jump on the set of the 1000 velocity curves
obtained by the NA. However, assuming an oceanic crustal thickness of
5-7 km, as determined along the 20140010 refraction line (Mueller and
Jokat, 2017), the solution proposed by the H-x stacking (10 km) could
correspond to the Moho boundary (called the Old Moho, Fig. 2G),
consistent with a crustal thickness close to the 7 km average thickness of
normal oceanic crust (White et al., 1992). The oceanic crustal nature
beneath Europa is also supported by magnetic anomalies recorded in the
crust (Konig and Jokat, 2010). Another boundary is found at 18 km
depth, which we call the New Moho (Fig. 2G). Despite a lack of velocity
contrast at around 10 km depth in the S-wave velocity profile computed
from the NA inversion, we propose that a 6 to 8 km-thick magmatic
underplating developed below the volcanic edifice. Such underplating,
frequent beneath volcanic islands (e.g. La Réunion, Gallart et al., 1999,
Fontaine et al., 2015; Hawaii, Leahy et al., 2010), would have seismic
velocities close to that of the upper mantle (Gallart et al., 1999). The
occurrence of a relatively thick oceanic crust around Europa is sup-
ported by the refraction line AWI-20140010 of Mueller and Jokat
(2017), which reveals a crustal thickening towards Europa. Given the
location of the island and the magmatic events that occurred in the area
(the Marion hotspot and the magmatism related to the EARS; Georgen
etal., 2001; Courgeon et al., 2017), such a thick underplating may result
from the combined effect of a poly-phase volcanism that started about
90 Ma.

Juan de Nova Island. The island is located between the Davie Ridge
and Madagascar on a 2 km deep seafloor (Smith and Sandwell, 1997).
The volcanic edifice-to-sedimentary cover boundary is visible on the
S-wave curve at 2.5 km. Geophysical data suggest that the surrounding
basin is underlain by a thinned continental crust (Fig. 1A; Franke et al.,
2015; Klimke et al., 2018; Vormann et al., 2020). Moreover, dredged
samples on the ridge already suggested a continental nature of the crust
(Bassias and Leclaire, 1990). The NA (this study) and Vormann et al.
(2020) find a similar Moho depth (20 km). Same authors proposed that

the sedimentary cover is 4 km thick while the frontier between the
sedimentary cover and the crust is not noticeable on the S-wave velocity
profiles. However, the high Vp/Vs ratio (1.96) is consistent with the
occurrence of such sedimentary cover overlying a continental crust and
the contribution of thermal anomalies related to the thinning of the crust
toward the Davie Ridge is not excluded. Thus, taking into account the
thickness of the volcanic edifice (2.5 km) and the sedimentary cover (4
km, from Vormann et al., 2020), the crustal thickness obtained beneath
Juan de Nova is 13.5 km, which is consistent with the 12-20 km crustal
thinning of a 35 km thick continental crust related to the opening of the
Mozambique Channel (Andriampenomanana et al., 2017).

Mayotte Island. The S-wave velocity curves determined for Mayotte
Island (Fig. 2I) reveal a shallow discontinuity at 4 km depth. The island
lies on a 3.5-km-deep surrounding seafloor (Audru et al., 2006) and
free-air gravity data beneath the island (Bonvalot et al., 2012) do not
show any significant flexure or uplift. Therefore, the shallow disconti-
nuity at 4 km depth is interpreted as the base of the edifice. Further
down, our results suggest an interface at 17 km depth and a related
Vp/Vs ratio of 1.66 for the lithospheric column between this interface
and the station. Our estimate of the Vp/Vs ratio (1.66) is in agreement
with that determined from the Wadati method (1933) by the oceano-
graphic MayObs Team surveying the new submarine volcano close to
Mayotte coast (Saurel et al., 2019; Saurel et al., under review) and is
significantly lower than that of the oceanic crust. Instead, it is in the
range of felsic rocks constituting the continental crust (Christensen,
1996; Zheng and Lay, 2006). We consequently interpret this low Vp/Vg
ratio as the evidence of a thinned continental crust below Mayotte and
the adjacent Anjouan Island where a voluminous massif of quartzite
crops out. Another boundary is found at 26-27 km depth with a related
average Vp/Vg ratio of 1.84 from this interface to the station. Thus, the
layer between these two boundaries (H; to Hz) may be described by a
high Vp/Vs ratio of 2.16. Such high value of Vp/Vs may indicate the
occurrence of mafic to ultra-mafic rocks (Christensen, 1996). Thermal
anomaly associated with partial melting may also explain a high ratio (e.
g. Hammond and Humphreys, 2000). Therefore, we interpret the H;
boundary as the Old Moho delimiting the thinned continental crust to the
magmatic underplating and Hy as the New Moho located between the
magmatic underplating and the lithospheric mantle. Considering this
interpretation, the ~1.2 s phase on all RFs correspond to the P.s phase, i.
e. the intracrustal boundary and the ~3 s correspond to the Pms phase
(Fig. 3D). A similar terminology was previously used by Leahy et al.
(2010) at Hawaii seismic station, where magmatic underplating was
observed, inducing this kind of phase on receiver functions. In the case
of Mayotte Island, the development of a thick underplating despite a
volcanic activity which is much less intense than in Iceland or Hawaii,
may result from the 20-Myrs-long duration of the volcanism (Michon,
2016).

Lemoine et al. (2020) and Cesca et al. (2020) proposed that the
current submarine eruption east of Mayotte is fed by a magma reservoir
located at 28 km and 30 + 5 km depth, respectively. Our results (Moho at
of 26-27 km depth) may therefore suggest that this magma reservoir
developed below the interface between the mantle lithosphere and the
underplating. Moreover, the seismicity related to the volcano-tectonic
crisis of Mayotte, which is almost exclusively located below 30 km
depth (see ReVoSiMa Bulletins at http://www.ipgp.fr/fr/actualit
es-reseau), likely occurs below the magmatic underplated layer, i.e.,
into the mantle lithosphere.

Grande Glorieuse Island. Data for Grande Glorieuse reveal two seismic
discontinuities at 1 and 5 km depth below the station. The first one may
be related to the submarine sedimentary platform located at around 1
km below sea level (Courgeon et al., 2016). The small amplitude of the
first phase is consistent with results from RF modeling, which shows the
link between a small amplitude of the first peak and a thin low-velocity
sedimentary layer (Zelt and Ellis, 1999). The boundary observed at 5 km
may represent the interface between the volcanic edifice and the crust.
The relatively large depth of this interface may be attributed to the



subsidence of the at least 60 Ma-old volcanic edifice (Courgeon et al.,
2016; Leroux et al., 2020), which is supported by the step-by-step
development of a carbonate platform over the volcano (Jorry et al.,
2016) and absolute datation (Leroux et al., 2020). Both RF methods
revealed a Moho discontinuity at 11 km depth. Therefore, the crustal
thickness is estimated to 6 km beneath the island, which is close to the
average thickness of oceanic crust (White et al., 1992). The high Vp/Vg
ratio (~2.0) may be explained by both the effects of bioconstructions on
the top of the edifice and the underlying mafic rocks (Christensen,
1996). In the vicinity of Grande Glorieuse, the occurrence of WSW-ENE
magnetic anomalies associated with the Somali Basin (Phethean et al.,
2016) fully supports an oceanic crustal nature below this island.

5.2. Implication of the continental nature of the crust below Mayotte in
the opening of the Somali and Comoros basins

The occurrence of sandstone xenoliths in the lavas of the Comoros
archipelago (Flower and Strong, 1969) and a km-scale massif of
quartzite in the volcanic island of Anjouan (Esson et al., 1970) have long
been considered as evidences of a continental crust below the Comoros
archipelago. Our results (i.e. Vp/V;g ratio of 1.66 and 17-km-thick initial
crust without considering the magmatic underplating) strongly support
such a continental nature of the crust. Thus, both geological and now
geophysical data suggest the occurrence of continental crust between
the Somali and Comoros basins, likely as thinned crustal remnants. The
oceanic nature of the crust below the Somali Basin is known from
well-identified magnetic anomalies between M22 toMO (Cochran, 1988;
Phethean et al., 2016) and confirmed with our results for Grande Glo-
rieuse Island. South of the Comoros archipelago, the lack of clear mag-
netic anomaly in the Comoros Basin has been interpreted as the result of
an oceanic crust formation during the Jurassic quiet zone (Coffin and
Rabinowitz, 1987). Recently, its oceanic nature has been confirmed by
seismic refraction and gravity data (Vormann et al., 2020). The Comoros
continental block would consequently correspond to an isolated piece of
thinned continent block abandoned during the southward drift of
Madagascar. Such isolated blocks have been already described in the
break-up of continental lithospheres and may result from awide range of
processes such as rotational extension, changing extension directions,
rift migration, thinning processes (Péron-Pinvidic and Manatschal,
2010; Naliboff and Buiter, 2015; Whittaker et al., 2016; Molnar et al.,
2018). Regionally, the Seychelles archipelago stands as a regional
example of this kind of continental blocks abandoned during continental
break-up, in this case between Madagascar and India (e.g. Hammond
et al., 2012, 2013). The Comoros archipelago lies on a crust cut by
N140-150 fracture zones that are also observed along the Somali passive
margin and the northern Somali Basin (Phethean et al., 2016). The
isolation of the Comoros continental block could have thus occurred
during the initial stage of rifting. However, the lack of any robust age
constraints and geophysical data on the structure of the Comoros Basin
does not help determining the mechanism that led to the isolation of this
continental domain.

6. Conclusions

We measured the seismic velocity structure and the crust thickness
beneath islands of the Mozambique Channel from receiver function
using both Neighborhood Algorithm and H-x stacking approaches.
Despite a limited dataset due to the short duration of deployment of the
seismic stations and subsequently to a relatively small number of seismic
events, we were able to bring new elements on the nature(s) and
thickness of the crust in this region. From RF studies, we propose that the
volcanic edifice of Mayotte Island is emplaced on an isolated continental
block abandoned during the dismantling of Gondwana and later thick-
ened by magmatic underplating. Our results indicate that Grande Glo-
rieuse Island is underlain by a normal oceanic crust, confirming the
oceanic nature of the crust northeast of Mayotte. Juan de Nova Island

lies over a clearly thinned continental crust, which is consistent with a
prograding ocean-continent transition toward the Davie Ridge (Vor-
mann et al., 2020). Beneath Europa Island, the best ensemble of S-wave
velocity profiles suggest instead a thick oceanic crust, which would
result from a magmatic underplating accumulation related to successive
regional magmatic events. Beside these results on the nature of the crust
below the islands of the Mozambique Channel, our S-wave velocity
profiles defined down to 60 km depth beneath Mayotte should improve
the relocation of the deep seismicity occurring during the ongoing
2018-2020 seismo-volcanic crisis and consequently our knowledge on
the processes occurring in the deeper lithosphere. Finally, further
geophysical and geochemical studies could help strengthening our in-
terpretations based on a limited dataset.
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