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Journal Pre-proof Offshore Mayotte volcanic plumbing revealed by local passive tomography
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A new submarine volcano has been discovered offshore Mayotte, a part of the Comoros volcanic archipelago located between Africa and Madagascar. The edifice arose from the sea-J o u r n a l P r e -p r o o f floor following a seismo-volcanic crisis that started in May 2018. This seismo-volcanic activity highlights very deep magma reservoirs and dykes in the East Mayotte volcanic system.

Since the crisis, the region has experienced > 2,000 earthquakes with magnitude ≥ 3.5 and activity continues today (August 17, 2021). The earthquakes are unusually deep and distributed into two swarms: one 5-15 km east of Petite-Terre at 25-55 km depth and a second 25 km away at 30-50 km depth. Significant subsidence of Mayotte to the East has been assigned to the drainage of a deep magma chamber, inferred to be located 30 km from the coast. However, at present, the earthquake locations and geodetic observations have not been sufficient to image entirely the structure of the volcanic plumbing system. In this study, we construct Vp, Vs, dVp, dVs and Vp/Vs 3D velocity models to assess the deeper structure of the young volcano plumbing system, offshore and East of Mayotte. Using > 3,000 earthquakes from an ongoing monitoring effort, and a 1D velocity model determined onboard, we jointly inverted for velocity structures, earthquake locations, origin times, and station corrections using LO-TOS software. The calculated 3D velocity models highlight a complex volcanic system down to 40 km depth. Specifically, we image 3 interpreted reservoirs, more or less consolidated/old. The main reservoir is located at about 30 km depth and deeper, making it one of the deepest magmatic chamber imaged. The reservoirs are connected by several old crystallized conduits, whose existence could have been influenced by the presence of an old fracture zone, globally oriented N130°, due to a regional strike-slip motion of the lithosphere. Moreover, gassaturated rock may be present below the currently degassing Horse Shoe structure. We were unable to image connections between the new volcanic edifice and reservoirs or conduits due to a lack of resolution in that part of the study area.

Introduction

Deep volcanic systems are not well understood, and seismic imaging them are rare. Some earthquake tomography studies of deep volcanic systems have been conducted along subduction zones, such as the Toba volcano (Koulakov et al., 2009a) and Kamchatka volcanic complex (Koulakov et al., 2020a). Those studies highlighted ascending magma resulting from the dehydration of the subducting plate. It is known that subduction zone volcanic arcs involve crust and mantle multilevel magma-reservoirs (i.e., Dobretsov et al., 2012 and above referees). However, we do not know deep volcanic feeding systems in other geological contexts, such as that of Mayotte. Here, we investigate Mayotte's volcanic system to understand what influences deep volcanic system structure and behavior.

Mayotte is part of the Comoros volcanic archipelago (CVA) located between South Africa and Madagascar, in the Mozambique Channel (figure 1,A). The on-going seismovolcanic crisis highlights a complex system because we do not know its deep crustal structure.

Since May 2018, seismicity has continued to occur offshore Mayotte, where a new volcanic edifice (NVE) has been discovered at 50 km to the East of Petite-Terre. The edifice is located at the eastern part of a N130° alignment of volcanic edifices that we label the volcanic ridge (figure 1) [START_REF] Jacques | The 2018-2019 Mayotte Seismic Crisis: Evidence of an upper Mantle Rifting Event[END_REF]2021). Early-recorded earthquake sequences (2018)(2019) and petrology have provided some understanding of the link between a deep magma chamber and the new volcano [START_REF] Lemoine | The 2018-2019 seismo-volcanic crisis east of Mayotte , Comoros islands : seismicity and ground deformation markers of an exceptional submarine eruption[END_REF][START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF][START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF][START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF]. However, we still lack a deeper understanding of the overall volcanic plumbing structure of East Mayotte volcanic ridge (EMVR) in terms of its past and present-day activity.

The Mozambique Channel tectonic regime is influenced by an East-Northeast West-Southwest offshore extension of the East African Rift System (e.g., Deville et al., 2018 and its references). Magmatic activity in the CVA appeared first in Mayotte, ~20 Myr ago, followed by Anjouan, Mohéli, and Grande Comore ~10-11 Myr ago [START_REF] Nougier | The Comores archipelago in the western Indian Ocean: volcanology, geochronology and geodynamic setting[END_REF][START_REF] Michon | The Volcanism of the Comoros Archipelago Integrated at a Regional Scale[END_REF] J o u r n a l P r e -p r o o f 2016). The more recent volcanic activity is dated in Grande Comore (Karthala) at 0.13 ± 0.02 Myr to present. The CVA origin is still debated. [START_REF] Emerick | Age progressive volcanism in the Comores Archipelago, eastern Indian Ocean and implications for Somali plate tectonics[END_REF] proposed the presence of a hot spot, but the inference does not match with velocity models of plate motion and structural features of the region [START_REF] Famin | The Comoros archipelago: a right-lateral transform boundary between the Somalia and Lwandle plates[END_REF]. It could also be influenced by lithospheric fractures (Nouguier et al., 1986) or result from a combination of both processes [START_REF] Debeuf | Etude de l'évolution volcano-structurale et magmatique de Mayotte, Archipel des Comores[END_REF][START_REF] Michon | The Volcanism of the Comoros Archipelago Integrated at a Regional Scale[END_REF]. A more recent work, based on the current seismo-volcanic crisis, interprets the region as undergoing lithospheric-scale rifting [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. Several NW-SE ridges and rifts are organized in échelon to transfer the deformation from East-African rift [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. [START_REF] Famin | The Comoros archipelago: a right-lateral transform boundary between the Somalia and Lwandle plates[END_REF] interpret the region as a plate limit with dextral motion while [START_REF] Stamps | Redefining East African Rift System kinematics[END_REF] consider the CVA as the northern extent of a diffuse transtensional zone accommodating the extension between the Somalian and Rovuma plates. Locally, explosive volcanic eruptions on Grande-Terre and Petite-Terre (Mayotte islands) have been describe. The latest dated tephra on land occurred between 4,000 and 7,000 years, but its origin was not determined (Zinke et al., 2003a;2003b). At sea, recent activity is evidenced by the presence of several cones on the insular slope [START_REF] Audru | Bathymay : la structure sous-marine de Mayotte révélée par l'imagerie multifaisceaux[END_REF][START_REF] Famin | The Comoros archipelago: a right-lateral transform boundary between the Somalia and Lwandle plates[END_REF][START_REF] Tzevahirtzian | Submarine morphology of the Comoros volcanic archipelago[END_REF][START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. According to the lithospheric-scale rifting of the region, these cones are distributed along a W-NW / E-SE volcanic ridge (N130°) where the NVE (820 m high and ~5 km wide) has been discovered [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF].
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Journal Pre-proof [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF] highlights the Horse Shoe (HS) degassing structure, with a 3.5 km wide cone, and the Crown, with a 4 km wide circular structure composed of 100-150 m high volcanic edifices, suggesting post-caldera domes (figure 1,C). A 10 km wide flat depression seems to surround the Crown. In addition, the nature of the lithosphere offshore Mayotte to the East is still unknown; its oceanic or continental nature is still debated. Beneath Mayotte island, the depth of the Moho has been estimated to be at 18 km depth in the region based on a receiver function study [START_REF] Dofal | Crustal structure variation across the southwestern Indian Ocean from receiver functions determined at Ocean-Bottom Seismometers[END_REF].

For several years, the Mayotte region has been considered as a moderate seismically active area, having produced several M5 events and one event with a maximum magnitude evaluated at 6.1 MLv [START_REF] Bertil | MAYEQSwarm2018 : BRGM earthquake catalogue for the Earthquake Swarm located East of Mayotte[END_REF]. Since May 2018, the Mayotte inhabitants have felt hundreds of earthquakes. Most are small in magnitude, but several moderate-sized events have occurred (monthly report of REVOSIMA: https://www.ipgp.fr/fr/revosima/actualitesreseau). On 15 May 2018, a M5.9 event occurred and due to the weakening of structures and previous minor damages from previous earthquakes, induced damages to buildings [START_REF] Masson | Note macrosismique préliminaire du BCSF-RENASS[END_REF]. The present-day seismo-volcanic crisis has been accompanied by a significant subsidence of Mayotte Islands, between 9 and 17 cm [START_REF] Lemoine | The 2018-2019 seismo-volcanic crisis east of Mayotte , Comoros islands : seismicity and ground deformation markers of an exceptional submarine eruption[END_REF][START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF][START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. This subsidence has been assigned to the drainage of a magma chamber. A number of very low frequency (VLF, 15s oscillation period) events have been recorded and the largest one, recorded worldwide, occurred on 11 November 2018. Its occurrence has been attributed to fluid movement within the volcanic system [START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF][START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF][START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. Since 2019, seismicity has been concentrated primarily near Petite-Terre (PSC: Proximal Seismic Cluster, figure 1), at about 5 to 15 km from the coast, and at a depth ranging from 25 to 55 km from the seafloor, below the Moho, with an apparent donut-shaped ring in map view [START_REF] Jacques | The 2018-2019 Mayotte Seismic Crisis: Evidence of an upper Mantle Rifting Event[END_REF][START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF][START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. This activity represents 90% of the present-day located events (Saurel et J o u r n a l P r e -p r o o f al., resubmitted). A secondary seismic cluster of earthquakes (DSC: Distal Seismic Cluster, figure 1) is located 25 km East from Petite-Terre, between 30 to 50 km depth, and shows no clear evidence of a connection to the PSC. From the DSC, a thin N140° seismic region extends toward the NVE with depth appearing to diminish approaching the edifice (Saurel et al., resubmitted).

Thanks to the many oceanographic deployments (MAYOBS series, [START_REF] Jacques | The 2018-2019 Mayotte Seismic Crisis: Evidence of an upper Mantle Rifting Event[END_REF], more than 3,000 earthquakes have been recorded by the land-based network and relocated with the multiple OBS deployed along the EMVR (figure 1). These ~3,000 manually relocated earthquakes provide a unique opportunity to produce a local 3D seismic image of the deep crustal structure beneath the EMVR in the context of present-day earthquake activity (Saurel et al., resubmitted). From the 3D velocity model we produced in this study, we aim to answer the following questions: Are there one or several magmatic reservoirs involved in the East Mayotte volcanic system? Where are they? Is there an influence of the regional tectonic regime on the volcanic plumbing system? Can we image gas related to the volcanic activity? Does the East Mayotte volcanic system have an old volcanic plumbing history, or is it a young, neoformed system? Using well-resolved earthquake locations, hand-picked earthquake phases, and a 1D velocity model in LOTOS (Local Tomography Software -Koulakov, 2009), we present in this work the first local passive earthquake tomography images of the volcanic plumbing system of East Mayotte, offshore. In the following sections, we detail the local passive tomographic inversion methods we employ to image the East Mayotte volcanic system (EMVS) (Section 2), and our tomographic imaging results along the EMVR (Section 3). We discuss the imaging in the context of known geology and seismicity as well as known topography from bathymetric mapping conducted during the many oceanographic campaigns since 2019 (Section 4). This work provides a detailed structure of the EMVS and provides a deeper understanding J o u r n a l P r e -p r o o f Journal Pre-proof of the larger-scale lithospheric processes involved in the region, from past to present.

Passive Local Tomography Inversion

Networks and input data

MAYOBS is a series of monitoring surveys dedicated to follow the evolution of the seismo-volcanic crisis affecting Mayotte since May 2018. The long-term project includes several successive OBS recoveries and deployments from February 2019 to the present day [START_REF] Jacques | The 2018-2019 Mayotte Seismic Crisis: Evidence of an upper Mantle Rifting Event[END_REF]. Only a local seismic stations network is used for this study, and it is composed of 70 onshore and offshore stations (grey triangle in figure 1 and tables S1 and S2):

(1) 10-land seismometers were progressively set up on Petite-Terre and Grande-Terre (table S2). One of them failed after a few days (RCBF0) and recorded only 2 phases. (2) Between February and November 2019, between 6 and 16 OBS were deployed and recovered every 3 to 4 months. A total of 12 INSU-IPGP short period OBS (Institut National des Sciences de l'Univers -Institut de Physique du Globe de Paris) and 48 IFREMER micrOBS or LotOBS (Institut Français de Recherche pour l'Exploitation de la Mer) were used (table S1). One instrument could not be recovered (IF3B). At present, more than 4,000 earthquakes have been manually picked and located by the MAYOBS/REVOSIMA (Réseau de Surveillance Volcanologique et Sismologique de Mayotte) seismology team. More details about instruments and earthquakes locations may be found in Saurel et al. (resubmitted) or on the REVOSIMA bulletin webpage (https://www.ipgp.fr/fr/revosima/reseau-de-surveillance-volcanologiquesismologique-de-mayotte). Due to the need to monitor the crisis and the lack of time or technical solution (as non-communication of the instrument), some of the instruments were not relocated. Their deviation due to the water current was estimated to be ~300 m. To estimate the effect of this uncertainty on the tomographic inversion, we performed two tests, presented and discussed in detail in Section 2.3.
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We extracted a total of 3,843 events that occurred between February and November 2019 from the MAYOBS relocated earthquake catalog, defined as the "initial catalog". The magnitude of completion is about 2.25, and the azimuthal gap mean is equal to 98°. The P and S mean number of phases are 12 and 10, respectively. The mean latitude, longitude, and depth errors are respectively equal to 1.41, 1.04, and 1.92 km, with maximum errors equal to 36.32, 53.2, and 67.5 km for the most poorly located event (figure S3). We selected a subset of the initial catalog based on quality criterion so that only the well-constrained events are used for the tomographic inversion: longitude, latitude, and depth errors ≤ 5 km and a minimum of 5 P and 3 S phases recorded per station. We allowed a maximum distance to the nearest station equal or less than 30 km. These selected events have been labelled as the "filtered catalog", composed of 3,699 events with 45,359 P and 39,667 S phases.

Inversion Method and Parameters

To calculate the 3D seismic velocity variations in the Mayotte region, we used LO-TOS [START_REF] Koulakov | LOTOS Code for Local Earthquake Tomographic Inversion: Benchmarks for Testing Tomographic Algorithms[END_REF]. LOTOS jointly inverts for P and S velocity structures, source coordinates, origin times, and station corrections through the LSQR method [START_REF] Paige | LSQR: an algorithm for sparse linear equations and least squares problems[END_REF]. First, the algorithm optimizes an input 1D velocity model, through 2-4 iterations, and calculates new source locations in the model. The algorithm may generate preliminary source locations, if they do not exist. The source locations in 1D are based on a goal function (GF), reflecting the probability of a source to be located at a current point [START_REF] Koulakov | A tomographic image of Indian lithosphere break-off beneath the Pamir-Hindukush region[END_REF]. The ray travel times are corrected for station elevations. The GF probability is performed by a grid search method. Second, the optimized 1D velocity model and source locations are then used as initial conditions for a 3D velocity inversion. Sources are relocated with a 3D ray tracing (or bending) method based on the Fermat principle of travel time minimization. The preferred locations are chosen using the GF and a gradient method [START_REF] Koulakov | A tomographic image of Indian lithosphere break-off beneath the Pamir-Hindukush region[END_REF].

J o u r n a l P r e -p r o o f LOTOS 3D inversion is performed through 3-5 iterations, on four grids with azimuthal orientations of 0, 22, 45 and 66 degrees to avoid artifacts related to node distribution (fig-

ures S4 and S5). This orientation is given from the center of the model (45.44, -12.8) where each node will undergo a clockwise rotation in latitude and longitude coordinates. Each grid is based on a mesh of nodes fixed in a volume on vertical lines. A uniform spacing distribution is used in map view. On vertical lines, nodes are distributed according to the ray occurrence, such that if there is no ray, then there is no node (figures 2 and S6). Nodes will then be mostly near stations but also at any depth and distance between the source and receiver where the ray travels. Between nodes, velocity values are linearly approximated. The output model, at each iteration, is the average differential of velocity (dV) between the optimized input 1D velocity model and the 3D output. The chosen inversion parameters are described in table 1.

The LOTOS inversion is performed through the LSQR method [START_REF] Paige | LSQR: an algorithm for sparse linear equations and least squares problems[END_REF]. This method is used in 1D for the inversion of the sparse matrix composed of the free parameters (weights in table 1) and in 3D for the inversion of the first derivative matrix [START_REF] Koulakov | LOTOS Code for Local Earthquake Tomographic Inversion: Benchmarks for Testing Tomographic Algorithms[END_REF]. In other words, LSQR iterations are specifically related to the minimization between the starting model and the final model. It is one step of the inversion that is performed within the upper 3-5 iterations of the overall inversion. The larger the value, the sharper the solution is. We chose a high value to ensure the convergence of the process (LSQR ite= 80).

Weight on P and S velocity models are needed for the inversion process (Vp wgt / Vs wgt).

We used equal phase weights in this study. In the joint inversion process, the velocity and hypocenter partial derivative matrix is supplemented by two sub-matrices that influence the velocity perturbations: a smoothing and a regularization matrix. Increasing the weight on smoothing (P smth / S smth), induces a decreasing effect on the anomaly differences in neighboring nodes. From the regularization parameter, increasing its weight (P reg / S reg) reduces the inverted Vp and Vs anomaly amplitudes. Hypocentral shift (Hor wgt / Ver wgt)

J o u r n a l P r e -p r o o f and origin time (Time wgt) weights are also required. These parameters relatively control hypocentral and velocity perturbations. We choose values based on [START_REF] Koulakov | LOTOS Code for Local Earthquake Tomographic Inversion: Benchmarks for Testing Tomographic Algorithms[END_REF]. Finally, the software allows for station corrections (P st. wgt / S st. wgt). As our study aims to map travel time variation, we kept a very small weight on this value. In the end, we tested inversion parameters one by one by evaluating their effect on checkerboard and RMS time residuals. The parameter value that gave the best solution regarding checkerboard and RMS time residuals was chosen before running tests with another inversion parameter. In total, we performed 92 model tests and examined them to determine our optimal model parameters.

For our analysis, we use the velocity model developed during the MAYOBS1 oceanographic cruise, named MAYOBS1 (Saurel et al., resubmitted). We used locations from the filtered catalog, and seismic station locations. Our P and S velocity models are respectively composed of ~16,800 and ~16,600 nodes over an 110 x 90 x 70 km 3 (x, y, z) velocity grid volume with 2 km of node spacing in horizontal (table 1 andfigure 2). We calculated the P and S models roughness as the integrated square of the second differences of the velocity model in 3D [START_REF] Lees | Tomographic inversion for three-dimensional velocity structure at Mount St. Helens using earthquake data[END_REF][START_REF] Zelt | Three-dimensional seismic refraction tomography: A comparison of two methods applied to data from the Faeroe Basin[END_REF]. RMS time residuals and roughness per iteration give us an optimal solution after three iterations (figure 3), where the RMS was not significantly decreasing and roughness continued to increase. After three iterations in the 3D inversion, the P and S residuals average has been reduced from 0.17 s and 0.27 s to 0.12 s and 0.17 s (29.41% and 37.03% of reduction). The mean earthquake locations uncertainty for this iteration is 3.17 km.
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LOTOS parameters for the joint inversion

Synthetic tests

To assess the capacity of our dataset to solve the geometry and amplitude of velocity anomalies, we conducted horizontal and vertical checkerboard tests, free-shape anomaly tests, and ray coverage and count analysis (table 2). Synthetic tests travel times were computed between source-receiver pairs as in the real observation system. They are then perturbed by random noise with an average standard deviation of 0.1 s for P and 0.2 s for S, corresponding to P and S manual mean of pick time residuals (figure S7). Checkerboard test size was varied from 5x5x100 to 15x15x100 km in horizontal map view and from 5x100x5 to 15x100x15 km 3 with ± 10% of velocity variations for vertical cross-sections. Free-shape anomaly form tests have been determined on the basis of observed patterns resulting from the real data inversion. The latter are set using polygonal forms within defined spatial location and velocity J o u r n a l P r e -p r o o f anomaly values. Velocity anomalies vary from ± 1% to ± 7%. For further understanding of our models limitations, we conducted 3 supplementary synthetic tests. Test 1 demonstrates how isolated structures may be recovered. For test 1, we used another checkerboard test with a 10 km 3 size and with ± 10% velocity variation. Test 2 demonstrates the capacity of our model to retrieve horizontally elongated anomalies as sills. For test 2, we conducted 120x40x10 km rectangles along the -12.8° direction and 70x60x10 km rectangles along the 130°N direction and inverted with the same velocity variations. Test 3 is another free-shape anomaly forms test, with a Smiley shape as proposed by [START_REF] Koulakov | LOTOS Code for Local Earthquake Tomographic Inversion: Benchmarks for Testing Tomographic Algorithms[END_REF]. In test 3, we used ± 6% of velocity variation.

To assess the uniqueness of our velocity anomalies, we changed the 1D velocity model input in LOTOS inversion, and kept original earthquake locations and inversion parameters similar. We compared here three different models (figure S8):

• "MAYOBS1": previously described and corresponding to the chosen input velocity model.

• "AK-135": spherical Earth average velocity model name AK135-F and determined by [START_REF] Kennett | Constraints on seismic velocities in the earth from travel times[END_REF], which is a neutral model for Mayotte region.

• "Alav_simplified": a simplified version of the 1D velocity model developed by [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF] using VELEST. The 1D velocity model was developed using 813 best constrained events from February to November 2019 from the same initial catalog in this study. [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF] used the 1D ADofal model as input. The latter is based on a S-wave velocity profile calculated from receiver functions on the Mayotte Island [START_REF] Dofal | Crustal structure variation across the southwestern Indian Ocean from receiver functions determined at Ocean-Bottom Seismometers[END_REF].

Elongated rectangles from 5x5x100 to 15x15x100 km size and from 5x100x5 to 15x100x15 km checkerboard and free-shape anomaly tests indicate a good resolution beneath the network with a minimum anomaly size of 5 km into the PSC (figures 4 to 6 and S9 to S12). The 10 km 3 also highlight a good recovery between 10 km and 40 km depth despite the J o u r n a l P r e -p r o o f velocity variations with depth (figure S13). This is supported by a good ray coverage and count in the PSC area due to the very active seismicity (figures 2, S14 to S16). The best anomaly shape recovery is obtained with a dimension of 10 km. Anomalies of 15 km is the upper limit of synthetic anomaly size because of our ray coverage, but it is still quite wellresolved. Synthetic anomalies cannot be solved below 40 km depth. Our ray coverage does not allow us to resolve velocity variations below the NVE. From the change of 1D input velocity model test, main velocity anomalies are still present as the high P velocity anomaly (~ +3.5%) and low S velocity anomaly (~ -5%) at 25 km depth around the PSC (figure S17). All the anomalies exposed in this study are presented regardless of these parameters.

On another hand, elongated rectangles of 120x40x10 km along the latitude -12.8° and of 70x60x10 km along the 130°N direction could not be well resolved (figure S18). Only the anomaly around 30 km depth, where the PSC is located, could be retrieved in both P and S models. This indicates that our model is unable to image elongated horizontal layers as sills, even if they exist.

J o u r n a l P r e -p r o o f J o u r n a l P r e -p r o o f OBS locations and do not prevent us from interpreting our final tomographic inversion. However, this uncertainty has to be taken into consideration if another passive tomography is calculated in the same area, with the aim of exploring the evolution with time of the volcanic plumbing. As the seismic network will be different, the velocity variations between this tomography and the new calculated one have to be higher than the latter calculated uncertainties. Taking a Moho at 17 km [START_REF] Dofal | Crustal structure variation across the southwestern Indian Ocean from receiver functions determined at Ocean-Bottom Seismometers[END_REF], the mean Vp in the crust is equal to 5.6 km/s and Vs to 3.3 km/s, which is lower than typical values for oceanic crust (6.5-7 km/s for P and 4 km/s for S). For deep depths, for example at 30 km depth (figures 1-A and 7), Vp is lower than 8 km/s and Vs lower than 4.4 km/s, which are typical values for uppermost mantle. The approximate mean Vp is about 6.8 km/s and Vs is about 4.1 km/s. What we will later refer to « fast » and « low » velocity anomalies are relative to these observations. We cannot exclude that the first 10 km are less resolved because of ray crossing geometry (figure S15 andS16)

Results

Velocity models

and are therefore more influenced by the input velocity model.

A first striking anomaly is observed between depths of 20 and 35 km, below the Horse J o u r n a l P r e -p r o o f Shoe (HS), in the PSC area (figures 7-8, labeled 1). Its diameter varies from 7 to 12 km, and it can be imaged by our inversion. Anomaly 1 is characterized by low Vp (< 6.8 km/s), low Vs (< 3.9 km/s), low dVp (> -3%) and low dVs (> -4%). The Vp/Vs ratio ranges from 1.8 to a maximum value of 1.92 in its center. Considering an isosurface of Vp/Vs ratio equal to 1.8 using Voxler (Golden Software), we obtained a volume of this body equal to 205 km 3 . A second notable elongated anomaly is observed between depths of 35 and 50 km, in the same region, slightly East of anomaly 1, in the PSC area (figures 7-8, labeled 2). Its width and length vary from 8 to 17 km. The anomaly can be imaged, but our inversion cannot recover well velocity variations below ~43 km depth, making any interpretation below that depth as speculative. Only the top of this anomaly is recovered by our free-shape anomaly tests (figure 6). Anomaly 2 is characterized by high Vp (>7.2 km/s), heterogeneous Vs, high dVp (> +2%) and heterogeneous dVs (> +2% around 30-35 km depth and < -2% around 40-50 km). The Vp/Vs ratio varies from 1.68 to more than 1.8 in the lower and eastern part. Considering a Vp/Vs ratio isosurface of 1.8, the volume of anomaly 2's body is equal to 234 km 3 , but this volume could be over or underestimated as we do not have resolution below 43 km depth.

A third feature is observed on the cross-section FF', between 0 and 10 km depth, South of the HS, 25 km away from Petite-Terre (figure 8, labeled 3). Its width and length is equal to 5x5 km 2 , in a region where an anomaly of this size is at the limit of resolution (figure S11). A free-shaped anomaly test (figure 6 Anomaly 4 is a nearly vertical branch just below Petite-Terre that extends from anomaly 1 (cross-section EE', figure 8). This nearly vertical branch is located between 30 to ~47 km in depth. Its width is about 8 km, and according to a free-shaped anomaly test this branch is resolvable (figure 6 and S25). Anomaly 4 is characterized by a small decrease in Vp and

Vs, illustrated by a U-shape in the isovelocity contours (figure 8). In the dVp model, we cannot distinguish anomaly 1 from 4; they seem to be connected. In the dVs model, we can clearly observe a branch from anomaly 1 with decreasing dVs (from -2 to -4%). Anomaly 4 has a Vp/Vs ratio of about 1.72.

The 5 th notable anomaly is located between 3 and 15 km depth, West of the NVE and seemingly "pointing" in the direction of the NVE (cross-section BC, figure 8). Its width and length are about 5 km, in a region where this anomaly size could be solved (figure S11).

Anomaly 5 is characterized by a slight decrease in Vp and Vs. The dVp model does not give relevant velocity variation. The dVs model is characterized by a very low velocity anomaly (< -4%). The Vp/Vs ratio is higher than 1.8 in this region. More to the East, below the NVE, the resolution is not sufficient to determine any remarkable anomaly. Considering an isosurface equal to 1.8, we obtained a volume for this anomaly body to be equal to 94 km 3 .

Anomaly 6 has a vertical elongated shape and extend from the top of the anomaly 1 to the subsurface, below the HS relief (cross-section FF', figure 8). Its length is about 9 km, making it resolvable (figure 6). Anomaly 6 is characterized by slight increase in Vp, and a slight decrease in Vs. The dVp model doesn't give relevant velocity variation. In the dVs model, the anomaly has an amplitude equal to +2.5%. The Vp/Vs is slightly higher than 1.71.

Finally, taking an isocontour Vp/Vs ratio equal to 1.69, we observed several branches that connect the different anomalies (1, 2, 4, 5 and 6) to each other (Vp/Vs ratio on figure 8).
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Anomaly 1, appears to be a central anomaly with several branches emerging both up and down, reaching the surface and connecting to seafloor reliefs (cross-sections DD' and FF', figure 8), and going East, toward the NVE (cross-section ABC, figure 8). In horizontal crosssections (24-26 km depth, figure 7), the branches have a N130° orientation in the dVs and Vp/Vs models, parallel to the volcanic ridge. However, the dVp model does not provide any relevant velocity variations. To exclude the possibility of an artifact, we conducted three different tests. First, we inverted our data into the four grid orientation (Section 2.3) proposed by LOTOS to evaluate the influence of the nodes on the N130° anomaly (0°, 22°, 45° and 66°).

Regardless of the grid we used, the anomaly persists (figure S5). Next, we explored the influence of the 1D velocity input (Section 2.3). No matter the 1D input model, the N130° anomaly still exists (figure S8). Finally, we inverted a free-shape anomaly test based on the later anomaly shape to be sure that our data may recover it. The output velocity from this test indicates that the N130° anomaly is recovered quite well (figure S26).

Seismicity distribution

Figure 8 displays earthquake locations obtained after the inversion. Their average displacement in longitude, latitude, and depth from the filtered catalog at iteration 3 are respectively equal to 1.43, 1.60, and 1.27 km. Seismicity is primarily concentrated in PSC, which is an elongated cluster in the vertical direction, between 25 and 55 km depth. This seismicity delineates dVp positive and negative amplitudes between anomalies 1 and 2 (sections ABC, EE', and FF', figure 8). In the dVs model, it is difficult to associate the seismicity distribution to velocity changes, except along section FF' where the earthquakes are well aligned South of the negative anomaly. On the Vp/Vs sections, the PSC is well associated with the South and West border of the 1.8 Vp/Vs isocontour. In section BC, several events associated with DSC form a dipping alignment pointing toward the NVE.
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Discussion

From our 3D velocity models, we propose to interpret the velocity anomalies as possible multiple magmatic reservoirs between the mantle and crust, and we discuss the old plumbing system between these reservoirs, the occurrence of gases, and the role of the inheritances.

Low velocity crust and mantle

Low P and S velocities characterizing the crust could be explained either by the presence of gas (HS has observable degassing), the presence of multiple fractures and cracks due to regional strain [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF][START_REF] Famin | The Comoros archipelago: a right-lateral transform boundary between the Somalia and Lwandle plates[END_REF], or by the basaltic composition of the crust [START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF]. Unfortunately, the first 10 km are less resolved because of ray crossing geometry. Further study is in process to learn more about the crust through active seismic imagery (Sismaore marine cruise, [START_REF] Thinon | SISMAORE cruise, RV Pourquoi pas ?[END_REF]. At slightly deeper depths, the Moho has been determined to be at 17 km [START_REF] Dofal | Crustal structure variation across the southwestern Indian Ocean from receiver functions determined at Ocean-Bottom Seismometers[END_REF]. From our study, the velocities below 30 km depth are about 6.8 km/s for the Vp and highly perturbed. Moreover, the overall and crust, induced by regional rifting, may favor large volumes of melts [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF].

The latter hypothesis may be illustrated in our study by these low P and S velocities, suggesting for a widespread melt throughout the region.

Our interpretations of Mayotte's volcanic system mainly benefit from [START_REF] Lees | Seismic tomography of magmatic systems[END_REF], which gives an overview of seismic tomography of magmatic systems. Fractured rocks, the lithological nature of rocks, the presence of water, oil, gas, or magmatic fluids, and anisotropy may have an influence on the Vp/Vs ratio. Comparing Vp/Vs ratio with Vp (or dVp) and Vs (or dVs) values and geological information of the area is crucial for interpreting tomography results. Using Mayotte stations (local) and Glorieuse and Karthala stations (regional) gave a local and regional Vp/Vs ratio mean determined from MAYOBS data to be 1.66 and 1.72, respectively [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF]Saurel et al., resubmitted). These Vp/Vs ratios fall between 1.5 and 2, which are generally accepted for more consolidated rock materials. ), the nature of the Comoros basin remains unclear [START_REF] Phethean | Madagascar's escape from Africa: A high-resolution plate reconstruction for the Western Somali Basin and implications for supercontinental dispersal[END_REF]. Therefore, it is difficult to make a direct comparison of our Vp/Vs values with oceanic or continental crust Vp/Vs values. Based on the works cited above, and because our results are mainly concentrated below 10 km depth, we consider everything higher or lower than the Vp/Vs local mean (1.66) as an anomaly.

Multiple reservoirs

Anomaly 1 (~28 km depth beneath HS), defined by low dVp and dVs and high Vp/Vs ratio (more than 1.8) could be characteristic of the presence of mush and partial melt (e.g. [START_REF] Nakajima | Three-dimensional structure of Vp, Vs, and Vp/Vs beneath northeastern Japan: Implications for arc magmatism and fluids[END_REF][START_REF] Lees | Seismic tomography of magmatic systems[END_REF]. This combination of low Vp and high Vp/Vs ratio may also reflect a strongly fractured body filled with fluids [START_REF] Bazin | The 2004-2005 Les Saintes (French West Indies) seismic aftershock sequence observed J o u r n a l P r e -p r o o f with ocean bottom seismometers[END_REF]. After dredging the HS J o u r n a l P r e -p r o o f region, Berthod et al. (in press) conducted a geobarometry analysis on two xenoliths pyroxenes. They identified the presence of a shallow reservoir, located just below the crust and mantle boundary, storing phonolitic magma. We can make the hypothesis that anomaly 1 could be an evolved reservoir, corresponding to the Berthod et al. (in press) phonolitic reservoir, responsable to the HS volcanism. The VLF seismic activity has been located in the same area [START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF], where [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF] proposed the existence of a reservoir.

We rename it as reservoir B (Figure 9).

The depth of anomaly 1 is in agreement with GNSS modeling of [START_REF] Lemoine | The 2018-2019 seismo-volcanic crisis east of Mayotte , Comoros islands : seismicity and ground deformation markers of an exceptional submarine eruption[END_REF] that determined the presence of a reservoir at 28 km depth, and [START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF], at 30±5 km. Through VLFs modeling, the latter authors determined a reservoir diameter of about 12 km and 10 to 15 km respectively. This is consistent with our findings, as we determined the diameter of anomaly 1 varying from 7 to 12 km. However, they both located the reservoir further East, at about 30 km from the coast (i.e., [START_REF] Lemoine | The 2018-2019 seismo-volcanic crisis east of Mayotte , Comoros islands : seismicity and ground deformation markers of an exceptional submarine eruption[END_REF], whereas Feuillet et al. 2020) could be the same or distinct body. Indeed, the GNSS modeling demonstrated an overall deformation and could not distinguish if several reservoirs are involved. The GNSS inversion could be a combined result of anomaly 2 and a reservoir bellow the NVE effects. We cannot exclude the possibility of a reservoir at 30-40 km far from the coast that we are unable to image in this study due to ray coverage.

Anomaly 2 (~44 km depth) is defined by high Vp, low Vs, and high Vp/Vs ratio (larger than 1.8) which seems to be an indicator of liquid phase, volatiles, or melts [START_REF] Debeuf | Etude de l'évolution volcano-structurale et magmatique de Mayotte, Archipel des Comores[END_REF][START_REF] Vargas | Breathing of the Nevado del Ruiz volcano reservoir, Colombia, inferred from repeated seismic tomography[END_REF][START_REF] Kuznetsov | Structure of Volatile Conduits Beneath Gorely Volcano (Kamchatka) Revealed by Local Earthquake Tomography[END_REF]. In volcano tomography studies, this could represent a magma reservoir with more primitive composition of mafic magmatic cu-J o u r n a l P r e -p r o o f mulates, saturated with volatiles that may carry a gas phase (e.g. [START_REF] Lees | Seismic tomography of magmatic systems[END_REF][START_REF] Lin | Three-dimensional seismic velocity structure of Mauna Loa and Kilauea volcanoes in Hawaii from local seismic tomography[END_REF][START_REF] Vargas | Breathing of the Nevado del Ruiz volcano reservoir, Colombia, inferred from repeated seismic tomography[END_REF]Koulakov et al., 2020). On the other hand, a high Vp may be interpreted as an old solidified intrusion/magma chamber, and the corresponding high Vp/Vs may be interpreted as over-pressurized fluids and/or faults (e.g. [START_REF] Feuillet | Coupling between earthquake swarms and volcanic unrest at the Alban Hills Volcano (central Italy) modeled through elastic stress transfer[END_REF]. Anomaly 5 (~10 km) is marked by low Vs, high Vp/Vs ratio (up to 1.8), and no significant variation of the P velocities. Depths of anomalies 2 and 5 coincide with two reservoirs identified by [START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF] through geobarometric analysis on clinopyroxene of dredges made on the NVE in 2019. [START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF] identified a large reservoir at 36.8 -48.0± 10 km depth and a smaller reservoir, with a maximum depth of 17.1± 6.5 km. Their large reservoir may correspond to our anomaly 2 (~44 km depth), and their smaller reservoir may correspond to anomaly 5 (~10 km depth). From our analysis, anomaly 2 can be interpreted as an old solidified intrusion that is still in use as a reservoir, whereas anomaly 5 could be a shallower reservoir.

However, we cannot exclude that anomaly 5 does not present variation in the P velocity model and that it could be located above 10 km. At that depth, the ray geometry induced a decrease of the general resolution and station corrections may have an influence. The coincidence with anomaly 5 and other studies will need further investigation, such as local active tomography, to learn more about the volcanic plumbing near the NVE. We consequently rename anomalies 2 as reservoir A and anomaly 5 as hypothetical reservoir C.

From earthquake locations, [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF] relocated events in the PSC cluster, and this seismicity well delineates reservoirs A and B with an hourglass shape. As stated in [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF], the seismicity could be correlated with the inflation and deflation of the magma reservoirs due to fluid migrations. Because of the high amount of gas at the NVE and HS [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF], we cannot exclude that a part of the seismicity may be attributed to fracturing due to high pressure on magma reservoirs. A similar interpretation was made for the Nevado del Ruiz volcano, for example [START_REF] Vargas | Breathing of the Nevado del Ruiz volcano reservoir, Colombia, inferred from repeated seismic tomography[END_REF]. The presence of gas J o u r n a l P r e -p r o o f may consequently explain the low Vp/Vs ratio in these areas (report to 4.3). et al., 2020). This path was expected by [START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF] and proposed by [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF], [START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF][START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF]. However, the lack of seismicity at that depth or below the expected fluid pathway makes it impossible to recover the pathway using passive local tomography. Since autumn 2020, seismicity has increased in the DSC, even though overall the seismicity rate in the region has decreased (REVOSIMA, October and November reports). The reports indicate that the increase of seismicity in the DSC delineates a dipping structure between 40-50 km depth that links to the PSC. As the eruption at the NVE is still ongoing, this seismic activity is one more clue to the hypothesis that a path between reservoir A and the NVE exists (green arrow on figure 9). These earthquakes will be used further for a new updated tomography and hopefully will increase the resolution near the NVE. [START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF] proposed that VLFs events (also known as VLP, for Very Long Period) are the result of the interaction of the seismic wave with a fluid-filled crack or conduit at a depth of 37 +/-11 km. On the other hand, [START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF] relocated VLFs to be between 10 and 30 km depths. In both cases, VLFs are likely linked with fluid migrations and/or resonance [START_REF] Chouet | Excitation of a buried magmatic pipe: a seismic source model for volcanic tremor[END_REF][START_REF] Kumagai | Magmatic dyke resonances inferred from very-long-period seismic signals[END_REF][START_REF] Talandier | Unusual seismic activity in 2011 and 2013 at the submarine volcano Rocard, Society hot spot (French Polynesia)[END_REF]. [START_REF] Laurent | Detection, location and characterization of VLF events during the 2018-2019 seismovolcanic crisis in Mayotte[END_REF] specified that depending on the depth, the VLFs could be related to magma motion or hydrothermal fluids. Two hypothesis remain here. One hypothesis is the existence of a deep hydrothermal circulation along preexisting faults. Indeed, the PSC seismicity is thought to use preexisting subvertical faults [START_REF] Jacques | The 2018-2019 Mayotte Seismic Crisis: Evidence of an upper Mantle Rifting Event[END_REF], reactivated by the depletion of reservoir A as observed during caldera collapse [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. The pre-existing sub vertical faults may be used for hydrothermal circulation. A second hypothesis is that VLFs, ranging between 10 to 30 km, highlight gas transport along pre-existing faults or conduits from reservoir B to the HS area (blue arrow on figure 9). In fact, Berthod et al. (in press) identified the presence J o u r n a l P r e -p r o o f of a shallow reservoir, after dredging the HS region, storing phonolitic magma derived from differentiation of basanite. If we made the hypothesis that this reservoir may correspond to our reservoir B, a potential re-injection of basanitic magma (less viscous) into the reservoir could be responsible for degassing observed at HS. Such large degassing from basanitephonolite magmas has been observed in the Canary Islands (Tenerife, [START_REF] Edgar | The late Quaternary Diego Hernandez Formation, Tenerife: volcanology of a complex cycle of voluminous explosive phonolitic eruptions[END_REF] and at Erebus volcano [START_REF] Oppenheimer | Pulsatory magma supply to a phonolite lava lake[END_REF]. Our results better support the latter hypothesis that will be discussed in the next section.

Gas storage?

The Vp/Vs ratio parameter is mainly informative, as it is highly sensitive to the presence of liquid and gas. The HS area is known for its gas emission. In December 2019, 3 gas acoustic plume sites were identified, some of them reaching 1000 m high in the water column [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. Below the HS structure, we identified a low Vp/Vs region (~1.5), with a minimum ratio of 1.44 accompanied by low Vp (anomaly 3). Low Vp/Vs ratio of about 1.5 and low Vp could be characteristic of over-pressured gas-filled rocks (Koulakov et al 2020;[START_REF] Kuznetsov | Structure of Volatile Conduits Beneath Gorely Volcano (Kamchatka) Revealed by Local Earthquake Tomography[END_REF]. Indeed, at the Campi Flegrei volcano [START_REF] Siena | Seismic attenuation imaging of Campi Flegrei: Evidence of gas reservoirs, hydrothermal basins, and feeding systems[END_REF][START_REF] Chiarabba | An insight into the unrest phenomena at the Campi Flegrei caldera from Vp and Vp/Vs tomography[END_REF], a Vp/Vs ratio lower than 1.5 and low Vp were linked to observed degassing at the surface and interpreted as gas-saturated rock. Similar observations have been made at Yellowstone caldera (e.g. [START_REF] Husen | Evidence for gas and magmatic sources beneath the Yellowstone volcanic field from seismic tomographic imaging[END_REF], Naruko volcano [START_REF] Nakajima | Tomographic imaging of seismic velocity structure in and around the Onikobe volcanic area, northeastern Japan: Implications for fluid distribution[END_REF], Mount Spurr [START_REF] Koulakov | Fluid ascent during the 2004-2005 unrest at Mt. Spurr inferred from seismic tomography[END_REF] and the Nevado del Ruiz volcano [START_REF] Vargas | Breathing of the Nevado del Ruiz volcano reservoir, Colombia, inferred from repeated seismic tomography[END_REF]. According to [START_REF] Kuznetsov | Structure of Volatile Conduits Beneath Gorely Volcano (Kamchatka) Revealed by Local Earthquake Tomography[END_REF], if a porous medium is saturated by dry gas, it will act like a sponge and will have a low compression modulus. This would lead to very low Vp, which is exactly what we observed under the HS structure (figures 8, 9). We cannot exclude the possibility of sea water infiltration that may reduce the Vp/Vs ratio (Koulakov et al., 2020). However, because of no Vs variation in the model and because of its location above 10

J o u r n a l P r e -p r o o f km depth, even if this anomaly is recovered by synthetic test, we cannot exclude the existence of an artifact. Moreover, station corrections may have an influence. The coincidence of anomaly 3 and the degassing HS should be investigated in future studies to understand the role and the effect of each parameter: potential gas saturated rock existing below the HS and/or sea water infiltrations.

Role of the inheritance

As indicated at the beginning of this section, we consider that everything higher than the local Vp/Vs average is an anomaly (>1.66). Using a Vp/Vs ratio isocontour equal to 1.69 and 1.71 on figures 8 and 9 (B, C) respectively, we imaged conduits with several branches linking the two reservoirs A and B and the hypothetical reservoir C. The corresponding dVp and dVs are heterogeneous, with mainly low dVs, and high or low dVp. Some of the paths that trend toward the surface coincide with bathymetric volcanic mounts, such as HS (figure 8, FF', anomaly 6) but are weak and further study is needed. In addition, some of the branches at 25 km depth are aligned in a NW-SE direction (along the N130° ridge, figure 7) and with sea bottom eruption sites (figure 1). These paths could reflect cracks in accordance with the immature right-lateral wrenching of the lithosphere [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF] or old crystallized conduits. We could also consider a combined hypothesis of an old fracture zone where few fractures may be used by previous magmatic fluids that are now crystallized like in the N130° volcanic ridge. This is our preferred interpretation. Indeed, [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF] influences. This extensional structure results from a wide E-W striking zone that transfers strain between the East African rift and the Madagascar grabens [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. Such a structure may induce high-permeability fracture zones that can be used for magma storage, i.e. magmatic reservoirs. These fracture zones are likely imaged as the N130° low Vs and Vp/Vs anomaly at 25 km depth in our 3D model. Considering the 3 potential reservoirs we have also imaged, these fractures may be used for magma transport and could now be crystallized (green to brown shaded structure in figure 9). Such old conduits have been imaged at the Atka volcanic complex (Koulakov et al., 2020) and Gorely volcano in Kamtchatka [START_REF] Kuznetsov | Structure of Volatile Conduits Beneath Gorely Volcano (Kamchatka) Revealed by Local Earthquake Tomography[END_REF]. We note that some of the conduits we identified stem eastward, in the NVE direction (segment ABC, figure 8). However, we do not have the resolution below the NVE to clearly image this connection.

Conclusion

We calculated the first 3D velocity models offshore East Mayotte (110 x 90 x 70 km 3 ) using earthquakes recorded between February and November 2019, resulting from the seismo-volcanic crisis that struck Mayotte since May 2018. We used 3,699 events with 45,359 P and 39,667 S phases, recorded on 70 onshore and offshore stations. The passive tomography used for this study highlights for the first time the old East Mayotte plumbing system, deeply entrenched into the mantle, whose heart seems to be located below the HS area. The results also indicate magmatic materials and fractures induced an overall decrease of P and S velocity in the crust and the mantle. and lithology [START_REF] Lees | Seismic tomography of magmatic systems[END_REF]. Indeed, the percentage of melt may explain the difference between A and B. Vp variation could also be due to differences in the nature of the magma product, where reservoir B may present partial melt and mush of a more evolved phonolitic magma (Berthod et al., in press). Reservoir B could also be the source of volcanism below the HS. On the other hand, reservoir A may be a more primitive magma, directly feeding the NVE. The reservoirs are connected by several fractures and/or old crystallized conduits, whose existence could have been influenced by the regional strain. The overall spatial distribution of the volcanic plumbing system, and mainly the structures aligning in a N130° direction parallel to sea bottom volcanic materials, seems to be clearly controlled by pre-existing fracture zones deeply entrenched in the lithosphere and accompanied by a deep seismicity [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF][START_REF] Berthod | The 2018-ongoing Mayotte submarine eruption: 1 magma migration imaged by petrological monitoring[END_REF][START_REF] Lemoine | The 2018-2019 seismo-volcanic crisis east of Mayotte , Comoros islands : seismicity and ground deformation markers of an exceptional submarine eruption[END_REF][START_REF] Cesca | Drainage of a deep magma reservoir near Mayotte inferred from seismicity and deformation[END_REF][START_REF] Tzevahirtzian | Submarine morphology of the Comoros volcanic archipelago[END_REF].

These pre-existing fracture zones may be influenced by the immature right-lateral wrenching of the lithosphere between the Lwandle and Somalian plates proposed by [START_REF] Famin | The Comoros archipelago: a right-lateral transform boundary between the Somalia and Lwandle plates[END_REF] and [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF]. At the end, more investigation should be conducted, such as active tomography, to understand more clearly the first kilometers of the crust and to determine the existence, or not, of anomaly 3, 5 (hypothetical reservoir C) and 6. We note that we were not able to clearly image the NVE connections to other reservoirs or conduits due to lack of resolution in that part of the study area. We observe here a connection between the mantle and the crust that feeds the system, similar to what has been observed at Toba volcano (e.g. [START_REF] Masturyono | Distribution of magma beneath Toba Caldera, North Sumatra, Indonesia, constrained by 3Dimensional P-wave velocities, seismicity, and gravity data[END_REF].

Our study gives a physical/structural image of the volcanic plumbing. It provides a context for other disciplines and future studies, and acts as a baseline for the current state of the system. There are several additional studies that are needed to improve our understanding of this volcanic plumbing system. For instance, an attenuation model should be investigated as it is sensitive to rock temperature and can change by several orders of magnitude if there is J o u r n a l P r e -p r o o f

Journal Pre-proof a presence of melt (e.g. [START_REF] Lees | Seismic tomography of magmatic systems[END_REF]). Moreover, local active tomography can provided a clearer assessment of what kind of material and how much is present under the NVE, as well as below the HS, where degassing is occurring closer to Petite Terre, and where past volcanic eruptions have been identified [START_REF] Feuillet | Birth of a large volcanic edifice through lithosphere-scale dyking offshore Mayotte (Indian Ocean)[END_REF].
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Fig. 1 .

 1 Fig.1. Mayotte volcano-seismic settings. A: Comoros archipelago and Mayotte locations marked by the black rectangle. B: Close-up on the Comoros archipelago and Mayotte Islands. Red triangles are known active volcanoes. C: Close-up on Mayotte Grande-Terre and Petite-Terre islands area. Black triangles represent land and offshore seismic stations available between February and November 2019. Circles illustrate earthquakes distribution recorded by seismic stations, with size proportional to the magnitude and color dependent on depth. Grey patches indicate volcanic cones and ridges with names determined by Feuillet et al. (2021). PSC: Proximal Seismic Cluster. DSC: Distal Seismic cluster. NVE: New volcanic edifice.[COLOR NEEDED]

Fig. 2 .

 2 Fig. 2. Models and ray input overview.A: the dotted lines represent the initial 1D velocity input models (MAYOBS1) and the solid lines are the average velocity of the 3D velocity model outputs at iteration 3 (3D-MAYOTTE-2020). B: example of horizontal cross sections at 25 km depth for P and S ray count, tracing (dark and light green dots) and node distributions (pink dots) in a 0° grid orientation. Section thickness for nodes and rays visualization is equal to 1 km each side. Grey triangles mark land and offshore seismic station locations.[COLOR NEEDED]

Fig. 4 .Fig. 5 .

 45 Fig. 4. Horizontal checkerboard tests. Examples at 25 km depth of checkerboard tests for dVp (left), dVs (center) and Vp/Vs (right). At the top are 3 examples of input. The 3 following lines are output for 15x15, 10x10 and 5x5 km 2 square size, respectively. Small triangle: seismometers. Black square: NVE, New Volcanic Edifice. Dashed lines: contour line of the input checkerboard. The white masked area delineates where there are no rays with a distance to the nearest node equal to 2 km.[COLOR NEEDED] J o u r n a l P r e -p r o o f

Figures 7

 7 Figures 7 and 8 illustrate our 3D velocity models (Vp, dVp, Vs, dVs and Vp/Vs) in

Fig. 7 .Fig. 8 .

 78 Fig. 7. Horizontal cross-sections of the output velocity models. Horizontal cross-section at 24 (left column), 26 (center column) and 40 (right column) km depth for Vp, Vs (top lines); dVp, dVs (center lines) and Vp/Vs (bottom line). Mayotte islands are represented in light grey. Triangles are seismometers used for the study. Vertical cross-section illustrated on figure 8 are located on the top-left map and on figure 5. The black square marks the location of the NVE. The white background masks indicate the area where there are no rays. Vp, Vs: solid black lines are isovelocity contours every 0.4 km/s; solid light lines are isovelocity contours every 0.1 km/s.

  area seems to have very low Vp and Vs. Darnet et al. (2020) conduced a magnetotelluric (MT) survey through Petite-Terre and the PSC. The MT survey indicated the presence of a drop (two orders of magnitude) in the rock resistivity at about 15 km depth. Changes in rock resistivity can be influenced by hydrothermal and/or magmatic fluids. Darnet et al. (2020) interpreted this resistivity drop as possibly due to partial melting. As discussed by Feuillet et al. (2021), the lithosphere-asthenosphere boundary in place between Mayotte and Madagascar is composed of a high-velocity lithosphere and a low-velocity asthenosphere. Barruol et al. (2019) interpreted the low-velocity asthenosphere as hot material spreading beneath and beyond the Mascarene basin. Hot oceanic lithosphere base combined with a damaged mantle J o u r n a l P r e -p r o o f

  [START_REF] Lavayssière | New 1D velocity model and absolute locations image of Mayotte seismo-volcanic region[END_REF] highlight a 7 km-layer with a ~1.8 Vp/Vs ratio indicative of the magmatic nature of the crust, upon a ~1.6 Vp/Vs ratio below 10 km that they interpret as influenced by faulting and/or the presence of fluids. While, sandstones can have Vp/Vs ratios varying from 1.66 to 1.81 and carbonates from1.81 to1.98 (e.g. Hamada 2004

(

  2021) determined a deflation source at 40 km far from the coast and at 40 km depth. Because of poor azimuthal coverage, longitude is less constrained. Taking into account the combined errors on GNSS modeling and tomography inversion, anomaly 1 and the reservoir identified by Lemoine et al. (2020) and Cesca et al. (

Fig. 9 .

 9 Fig. 9. Overview and scheme of the volcanic plumbing system offshore East Mayotte. A: Scheme of features interpreted from the passive tomography. Red arrow: magmatic fluids potential feeding paths. Blue arrow: gas escape to seafloor and water column. Green arrow: ongoing magmatic eruption path. The green to brown shaded structure highlights old volcanic crystallized paths. Moho depth is from Dofal et al. (2018). HS: Horse Shoe. NVE: New volcanic edifice. Numbers from 1 to 6 and letters from A to C are anomalies described in Section 3 and 4. Degassing at the HS and NVE is from Feuillet et al. (2021) and REVOSIMA reports. The white masked area indicates areas that are not well resolved or not at all resolved. B: Vp/Vs 3D view from the top of the volcanic plumbing system highlighted by an isosurface equal to 1.71. The letter C indicates the Crown structure position. C: same as B with a view of the system from the South.

  noted that the N130° volcanic ridge offshore, East of Mayotte has the same orientation as other volcanic features located northeast of Mayotte and around the Comoros islands. These features -dykes, vent alignments, and rift zones -are arranged in a left-lateral en-echelon structure similar to extensional tectonic structures undergoing oblique extension. In this configuration, Feuillet et al. (2021) inferred that the N130° Mayotte volcanic ridge results from volcanism and tectonic J o u r n a l P r e -p r o o f

  Considering reservoirs A and B, low Vs and high Vp/Vs areas may be interpreted as magma reservoirs more or less consolidated/old (anomalies 1, 2 respectively), with the presence of melt, mush, and/or fluids. The variations in the Vp model related to reservoirs A and B may be associated with the amount of fluid saturation, crack density, thermal properties, J o u r n a l P r e -p r o o f
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Table 1 . LOTOS inversion parameters

 1 

	Hor. wgt / Ver. wgt	5/5	Horizontal and vertical weight applied on source shift
	Time wgt	1	Weight applied on time shift

Name Value Description LSQR ite 80 Number of LSQR iterations, the larger value, the sharper solution is Vp wgt / Vs wgt 1/1 Weights P and S velocity parameters P sth / S sth hor. P sth / S sth ver. 0.4/0.5 0.2/0.4 Smoothing level applied in horizontal and vertical directions. The larger values of these parameters, the smoother models become P reg. / S reg. 0.8/1.4 Damping level applied. Increasing these parameters induces the decrease of anomaly amplitudes P st. wgt / S st. wgt 0.0001/0.0001 Station correction weights for P and S data . Descriptions and values of the parameters used for the inversion. Ite: Iterations. Wgt: Weight. Hor.: Horizontal. Ver.: Vertical. Reg.: Regularization. St.: Station.

Table 2 . LOTOS parameters for the main synthetic test inversions

 2 

. Descriptions and values of the parameters used for the inversion of synthetic tests. Free shape anomalies were manually digitized from the Vs 3D output model. Each anomaly has a given amplitude value, according to the 3D output model, and varies from ±1% to ±7%.
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