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1. SUPPLEMENTARY TEXT
1.1 Seismic data

The virtual seismic network set up to monitor the seismic sequence was initially composed of the only local seismic station operated in real time (YTMZ from the French RESIF-RAP network, Réseau Accélérométrique Permanent, RESIF, 1995) added by regional broad-band stations: the ABPO station in Madagascar from IRIS-IDA network (Scripps Institution of Oceanography, 1986), the VOI and KIBK stations in Madagascar and Kenya from GEOFON network (GEOFON Data Centre, 1993). This network could be completed from May 30th by three broad-band stations of the Karthala volcanological observatory in Grande Comore (MOIN, SBC, and CAB, Fig. 2), 280 km WNW of Mayotte  thanks to the Institut de Physique du Globe de Paris (IPGP). It was only around June 27th that three other stations could be added in Mayotte: MCHI, a broadband station from a French educative seismic network (Edusismo) and two RaspberryShake stations (RAE55 and RCBF0) installed by the Bureau Central Sismologique Français (BCSF). Finally, the SBV station from GEOFON in northern Madagascar, out of service in May, is accessible again in real time on July 15th. It is a key station because it is the only one covering the seismic crisis from the east at less than 450 km from the seismic sequence. This virtual network no longer evolves until March 2019 with the launch of the INSU Tellus program and deployment of new broad-band stations in Mayotte and OBS network offshore. 

1.2 Catalogue
To be able to estimate a magnitude even for non-localised earthquakes, we assigned a local magnitude ml = 0.9 log (pga) + 2.56 log (d) – 0.16, with pga (peak ground acceleration on horizontal components of YTMZ records) in m s-2, and d (hypocentral distance between YTMZ and the event) in km. This formula was constructed in order to minimise the scatter between ml and the USGS mb for the few tens of common events, occurring mostly in May and June, i.e., when largest events of the crisis were detected by international networks. Parameters of local magnitude Mlh and Mlv from SeisComp3 (Hanka et al., 2010) were then calibrated in accordance with this definition of  ml. Comparisons with 27 Mw processed by G-CMT show an average scatter between ml and Mw of 0.2 (Table S3). The seismic moment is evaluated from ml using the equation Mo = 10k, with k = 1.5 ml + 9.1 (Aki & Richards, 2002).

A preliminary catalogue was formed (Bertil et al., 2019; Lemoine et al., 2019) using the monitoring network, this magnitude scale and the Seiscomp3 location algorithm LOCSAT (Nagy 1996) with 1D velocity model IASP91 from Kennett (1991). Depth of all events was fixed at 10 km depth. For this study, we have updated the initial locations using the algorithm hypo71 (Lee & Valdes, 1985) and a one-dimensional (1D) velocity model compatible with the level of knowledge of the regional context with a constant Vp/Vs ratio of 1.74. This configuration was tested on a set on earthquakes which was well localised by OBS stations. In the IASP91 model, as a standard continental model, both the Moho fixed at 35 km, and Vp/Vs ratio 1.8 were not adapted to the regional context of the monitoring network. We obtain much better results with a simple regional velocity model adapted to an oceanic context, with a Moho depth at 15 km (Table S4).
From May 10th to May 30th, the locations were poorly constrained. In order to reduce the large uncertainties of the initial locations, we complete the data set adding some regional phase arrivals, especially from MSEY station (Seychelles islands, 1400 km from Mayotte, IRIS/IDA seismic network) and from Karthala Observatory (Grande Comore Island).

From May 10th to May 30th, 2018, all events with ml ≥ 4.5 were localised, but not all those with ml between 4 and 4.5. During the intensive period between May 30th and June 7th, we could not localise some events with ml around 4.5 due to the sparse network and too many repeating events leading to mixing seismic phases. From June 7th to June 27th, 2018, all ml ≥ 4 were localised. After June 27th, 2018, the catalogue of localised events is complete for all ml ≥ 3.5 and the magnitude catalogue is complete from ml ~ 3.5, thanks to a phase of network improvement (Fig. 5).

We made a b-value analysis for the events with ml ≥ 3.5 by applying the Weichert method (Weichert, 1980) with magnitude steps of 0.1 (Fig. S1). The b-value is 1.2 for the whole period and 1.1 for cluster 1, close to classical b-values for tectonic areas (e.g., McNutt, 2005). The b-values for clusters 2 and 3 are 1.3 and 1.5; thus, higher and consistent with b-value anomalies observed at some volcanoes (e.g., b-value for Ito-Oki volcano is 1.5; Wyss et al., 1997).

1.3 GNSS data processing

For the six GNSS stations operated in Mayotte at the beginning of the crisis (Table S6), we calculated the time series in precise point positioning mode (PPP) with GIPSY 6.4 (https://gipsy-oasis.jpl.nasa.gov/) and with the routine processor of the French IGN (http://rgp.ign.fr). Four stations (BDRL, MAYG, KAWE, and GAMO) are also calculated by the renowned Nevada Geodetic Laboratory (http://geodesy.unr.edu, Blewitt et al., 2018) providing further assessment of robustness of our time series.

The station MAYG has long enough time series to estimate and remove a seasonal term. This seasonal term is small but important for the evaluation of an unbiased deformation over short periods of time. Here it is assumed to have the form A sin (2π (t-to)/T) with A as amplitude, T = 1 year, and to as time origin. The best fitting values for the time origin to are August 8th, October 13th, and November 11th, for the east, north, and vertical components, with uncertainties of ~15 days, and amplitudes of 0.6, 0.9, and 2.6 mm, respectively. While the horizontal amplitudes are small and not critical for the analysis because the deformation is much larger on these components, it is important to take the vertical term into account for evaluating without bias the temporal variation of the displacement. Due to the insufficient temporal length of pre-crisis data, the seasonal components at the other stations could not be processed, so we use the values of MAYG for those stations. It has been observed in several other cases that the seasonal effects are usually in phase at stations located in a small area, though not necessarily with the same amplitudes (e.g. see GNSS time series of nearby La Réunion island on http://rgp.ign.fr/). 

1.4 Interferometric data processing

Copernicus Sentinel-1 mission Synthetic Aperture Radar (SAR) data from both ascending and descending acquisition geometries processing was based on the Multi-Temporal SAR Interferometry (MT-InSAR) approach (Foumelis et al., 2013; Papageorgiou et al., 2019) using GAMMA software packages (Wegmüller et al., 2016). Consecutive InSAR pairs (each of the next four acquisitions, 6, 12, 18, and 24 days) were formed, and a Singular Value Decomposition (SVD) applied to solve the phase time series and corresponding displacement rates. For the purpose of the study, a single Sentinel-1 burst per satellite geometry was considered. Hence, geometric co-registration using the ALOS global digital surface model (AW3D30, Takaku et al., 2018) of 30 m resolution, followed by cross-correlation as an enhancement step, was sufficient. Having InSAR pairs with perpendicular baselines not exceeding 150 m and an average elevation of 30 m (maximum 630 m), no major influence of topography is expected. Nevertheless, height correction, based on the correlation of interferometric phase to heights, was accounted for during processing.
1.5 Depth of the deflation source
As mentioned above, fitting the GNSS data with a single source leads to larger depths for the modelled sources and larger distances to the island of Mayotte. Fig. S9 and Table S13 show how the fit evolves (for both a single source and a dual source) as a function of source depth. It is clear that deeper is better, yet just introducing the dual source leads to an equal quality of fit for a dual source at 24 km of depth or a single source at 40 km of depth. This analysis is made for phase D2 because it is the one with largest deformation. This is a clear indication that the source is not very well constrained just by the fit of the elastic modelling, nor by the poor station distribution, and a basic sophistication of the geometry can be very efficient for improving the fit. Moreover, it should be noted that, when one is looking at the horizontal vectors only, the convergence of the vectors supports a source located closer to the island at shallower depth, as shown in Fig. S9. We used for that the root mean square of the perpendicular projection of the vectors with respect to their mean point of convergence, i.e. the scalar product. This refined analysis with more than one year time series of data confirms and refines our initial model proposed in parallel to the identification of phases B, C, and D (from GNSS observation between the beginning in May 2018 of the unrest until November 15th, 2018). It confirms that our initial estimated depths should be in the correct range, yet our inferred volume is less than the one inferred from the comparison of bathymetries revealed by Feuillet et al. (in rev.). We may move our source slightly east by up to 5 km, thus with a reservoir depth of ~32 km, and in that case, the total volume of the released magma inferred from our dual source model would increase by ~21% and become ~2.76 km3 for the first year of eruption, still well below the ~5 km3 inferred from the marine surveys (Feuillet et al., 2019; REVOSIMA, 2019). The cause of this volume difference might be due to different aspects: the limitations of our model, the estimation of the volume of the new submarine volcanic cone and magmatic products and the change of volume (and overall volumetric mass) between the material that is extracted at larger depths and the deposits near the surface. A decrease of 35-40% of the global density (thus, from 2.8 to ~2) might explain the apparent discrepancy of the volumes inferred by the two methods.
2. FIGURES
[image: image1.png]Log(annual rate)

55

+ allevents = seq 1 A seq 2 = seq 3
—b=1.2 —b=1.1 ~b=13 —b=1.5
-Illl I:l:..\\
N
Mtnnatu:hgi‘\ﬁﬁ
< \
1
A '\\\\\

2 25 3 35

4 45 5 55

magnitude (ml)





Figure S1. b-values for the three clusters (blue, yellow and red curves for clusters 1, 2 and 3 respectively and black curve for the whole sequence).
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Figure S2. The November 11th, 2018 very low frequency tremor and embedded events: (a) seismogram and spectrogram for the raw EW component of MCHI; (b) Fourier spectrum of the EW component of MCHI (the peak at 0.062 Hz is marked by a green point).
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Figure S3. The November 11th, 2018 very low frequency event: particle motions at YTMZ and MCHI local stations and map showing the back-azimuth deduced from the horizontal particle motion (green lines) calculated during decaying period.
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Figure S4. Modelling of the tremor decay for the east component of MCHI station. A model of a damped oscillator with decay time of 360 s fits the data well (pink and blue lines which are almost superimposed) and permits us to extract small earthquakes that occur during the tremor on the residual (in black).
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Figure S5. Time series for the coordinates of the six GNSS stations during phases A, B, C, and D, corrected for the 2014-2018 velocity, vE = 21.9 mm yr-1 and vN = 14.8 mm yr-1, of MAYG.
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Figure S6. Ratio between horizontal and vertical motion during phase D (until mid-November 2018). For the vertical, this corresponds to a pitch of 33° between the barycentre of the six GNSS stations and the centre of the deflating source. The red dots correspond to phase B.
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Figure S7. Time series since January 2018 at stations BDRL, GAMO, KAWE, and MAYG, with the four periods D1, D2, D3, and D4 indicated.
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Figure S8. InSAR (Sentinel-1) vertical and E-W components rate maps for the common period of observation for ascending and descending acquisition geometries (see Fig. 10). Selected local reference is marked as a black rectangle.
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Figure S9. Parametric analysis of the depth and source type (single versus dual sources hypothesis) during phase D2.

3. TABLES
Table S1. ITRF2014 horizontal velocity of GNSS stations around Mayotte. The time series are from the Nevada geodetic laboratory (Blewitt et al., 2018). The two right columns contain the relative velocities after cancelling the global rotation by applying a clockwise rotation equivalent to 2.1° Myr-1 and setting zero motion in MAYG.

	Site
	
	Long
	Lat
	vE
	vN
	σE
	σN
	rE
	rN

	
	
	°
	°
	mm/yr
	mm/yr
	mm/yr
	mm/yr
	mm/yr
	mm/yr

	ABPO
	Madagascar
	47.229
	-19.018
	18.5
	14.0
	0.2
	0.2
	-1.2
	-0.1

	ARSH
	Tanzania
	36.698
	-3.387
	24.5
	17.5
	0.3
	0.3
	-0.8
	-0.4

	ASOS
	Ethiopia
	34.553
	10.051
	22.9
	17.9
	0.2
	0.2
	-7.3
	-0.8

	DODM
	Tanzania
	35.748
	-6.186
	22.2
	18.0
	0.3
	0.3
	-2.1
	-0.3

	EBBE
	Uganda
	32.445
	0.038
	24.9
	16.3
	0.2
	0.2
	-1.7
	-3.1

	ERAS
	South Africa
	27.696
	-23.687
	18.2
	18.2
	0.2
	0.2
	0.2
	-3.0

	FG04
	Uganda
	32.587
	0.313
	24.0
	16.5
	0.4
	0.3
	-2.7
	-2.9

	GETA
	Tanzania
	32.217
	-2.881
	24.6
	18.7
	0.4
	0.4
	-0.9
	-0.8

	INHB
	Mozambique
	35.383
	-23.871
	18.5
	17.9
	0.4
	0.4
	0.5
	-0.5

	KASM
	Zambia
	31.225
	-10.172
	20.5
	18.1
	0.2
	0.2
	-2.4
	-1.8

	LLNG
	Malawi
	33.789
	-13.947
	19.6
	17.4
	0.3
	0.3
	-1.9
	-1.6

	MAL2
	Kenya
	40.194
	-2.996
	26.5
	15.8
	0.2
	0.2
	1.0
	-0.9

	MAYG
	Mayotte
	45.258
	-12.782
	21.9
	14.8
	0.2
	0.2
	0.0
	0.0

	METU
	Ethiopia
	35.586
	8.271
	23.2
	17.8
	0.3
	0.3
	-6.3
	-0.5

	MOIU
	Kenya
	35.290
	0.288
	24.4
	18.3
	0.2
	0.2
	-2.3
	-0.1

	MPIK
	Zambia
	31.451
	-11.821
	20.4
	18.1
	0.3
	0.3
	-1.9
	-1.7

	MTVE
	Tanzania
	40.166
	-10.260
	23.2
	15.7
	0.2
	0.2
	0.3
	-1.0

	NEGE
	Ethiopia
	39.589
	5.335
	28.0
	17.3
	0.2
	0.2
	-0.5
	0.4

	NMPL
	Mozambique
	39.258
	-15.123
	20.0
	16.2
	0.4
	0.4
	-1.1
	-0.8

	PANO
	Réunion
	55.687
	-21.002
	16.2
	12.8
	0.3
	0.3
	-2.8
	1.7

	PBWA
	South Africa
	31.134
	-23.952
	17.8
	17.8
	0.2
	0.2
	-0.1
	-2.1

	PMBA
	Mozambique
	40.484
	-12.964
	20.5
	15.9
	0.4
	0.4
	-1.4
	-0.7

	RCMN
	Kenya
	36.893
	-1.221
	26.4
	17.0
	0.2
	0.2
	0.3
	-0.8

	RDRG
	Rodrigues
	63.426
	-19.681
	17.2
	8.8
	0.3
	0.3
	-2.3
	0.5

	SEYG
	Seychelles
	55.531
	-4.679
	25.6
	12.0
	0.2
	0.2
	0.7
	0.9

	SLEU
	Réunion
	55.572
	-21.208
	16.4
	12.4
	0.2
	0.2
	-2.5
	1.3

	TANZ
	Tanzania
	39.208
	-6.766
	22.2
	17.0
	0.2
	0.2
	-1.9
	0.0

	TDOU
	South Africa
	30.384
	-23.080
	17.9
	17.7
	0.2
	0.2
	-0.3
	-2.5

	TETE
	Mozambique
	33.576
	-16.147
	19.0
	17.7
	0.3
	0.3
	-1.7
	-1.3

	TEZI
	Zambia
	26.016
	-15.747
	19.4
	18.8
	0.2
	0.2
	-1.5
	-3.0

	TNDC
	Tanzania
	37.341
	-11.063
	22.2
	16.9
	0.2
	0.2
	-0.4
	-0.8

	ULUB
	DRC
	27.485
	-11.631
	23.3
	19.5
	0.3
	0.3
	0.9
	-1.7

	VACS
	Mauricius
	57.497
	-20.297
	17.0
	11.0
	0.2
	0.2
	-2.2
	0.6

	VHMR
	Madagascar
	49.921
	-13.458
	21.6
	14.6
	0.5
	0.5
	-0.1
	1.4

	VOIM
	Madagascar
	46.793
	-21.906
	18.2
	14.4
	0.3
	0.3
	-0.5
	0.1

	ZAMB
	Zambia
	28.311
	-15.426
	20.3
	18.2
	0.2
	0.2
	-0.7
	-2.7

	ZBMT
	Madagascar
	44.733
	-22.827
	17.0
	15.2
	0.5
	0.5
	-1.3
	0.2


Table S2. The stations of the Mayotte monitoring seismic network. BB means broadband.
	Code
	Lat
	Long
	Type of sensor (network)
	Location
	Implementation

	YTMZ
	-12.7557
	45.2307
	Accelerometer (RAP)
	Mamoudzou (Mayotte Island)
	continuous

	ABPO
	-19.0183
	47.2292
	BB (IRIS/IDA)
	Ambohipanompo (Madagascar)
	continuous

	VOI
	-21.9065
	46.7933
	BB (GEOFON)
	Vohitsoka (Madagascar)
	continuous

	KIBK
	-2.3591
	38.0433
	BB (GEOFON)
	Kibwezi (Kenya)
	continuous

	SBC
	-11.6491
	43.2969
	BB (Karthala observatory)
	Grande Comore (Comoros)
	05/30-

	CAB
	-11.7486
	43.3435
	BB (Karthala observatory)
	Grande Comore (Comoros)
	05/30-

	MOIN
	-11.7659
	43.2435
	BB (Karthala observatory)
	Grande Comore (Comoros)
	05/30-08/6

	MCHI
	-12.8329
	45.1237
	BB (Edusismo)
	Chiconi 
(Mayotte Island)
	06/27-

	MSEY
	-4.6737
	55.4792
	BB (IRIS/IDA)
	Mahe 
(Seychelles)
	continuous

	RCBF0
	-12.7984
	45.2748
	Raspberry shake 3D
	Pamandzi 
(Mayotte Island)
	06/26-07/10

	RAE55
	-12.7335
	45.2036
	Raspberry shake 1D
	Koungou 
(Mayotte Island)
	06/26-

	SBV
	-13.4584
	49.9212
	BB (GEOFON)
	Sambava (Madacascar)
	07/15-


Table S3. The 32 events with ml ≥ 5.0, 29 occuring during the first 50 days of the crisis between May 15th and June 27th, 2018. For 19 of them, there is an available G-CMT focal mechanism (Dziewonski et al., 1981; Ekström et al., 2012), with fault planes 1 and 2 reported. The G-CMT catalogue listed eight other events with ml between 4.7 and 4.9 occurring in May and June 2018 reported in Fig. 6. When depth could not be retrieved from hypo71 (Lee & Valdes, 1985), it was fixed at 30 km (precise location in additional supporting catalogue). 
	Date
	Location (this study)
	Magnitude
	Moment
	Plane 1
	Plane 2

	
	Long
	Lat
	depth
	ml
	Mw
	x 1016
	Strike
	Dip
	Rake
	Strike
	Dip
	Rake

	
	°E
	°S
	km
	
	
	N m
	°
	°
	°
	°
	°
	°

	14/05/18 14:41
	45.61
	12.75
	19
	5.2
	5.2
	7.2
	354
	62
	4.0
	262
	87
	152

	15/05/18 15:48
	45.62
	12.75
	16
	5.8
	5.9
	82.8
	347
	61
	-8
	81
	83
	-151

	20/05/18 08:01
	45.62
	12.75
	16
	5.0
	5.4
	17.6
	346
	47
	-4
	79
	87
	-137

	21/05/18 00:47
	45.61
	12.72
	7
	5.1
	5.5
	23.4
	351
	53
	-1
	82
	89
	-143

	22/05/18 12:37
	45.63
	12.75
	15
	5.0
	5.0
	4.7
	330
	41
	16
	227
	79
	130

	25/05/18 05:43
	45.62
	12.75
	15
	5.1
	
	
	
	
	
	
	
	

	25/05/18 06:36
	45.62
	12.75
	15
	5.4
	5.1
	6.2
	350
	73
	8
	258
	82
	162

	26/05/18 00:32
	45.61
	12.76
	20
	5.3
	4.9
	2.9
	341
	68
	11
	247
	80
	158

	28/05/18 22:12
	45.60
	12.77
	36
	5.1
	
	
	
	
	
	
	
	

	30/05/18 05:54
	45.68
	12.76
	16
	5.6
	5.1
	5.2
	354
	69
	3
	263
	87
	159

	30/05/18 16:21
	45.54
	12.84
	30
	5.1
	
	
	
	
	
	
	
	

	01/06/18 03:24
	45.53
	12.82
	30
	5.3
	
	
	
	
	
	
	
	

	01/06/18 03:35
	45.52
	12.85
	30
	5.3
	
	
	
	
	
	
	
	

	01/06/18 05:44
	45.52
	12.85
	30
	5.2
	
	
	
	
	
	
	
	

	01/06/18 07:14
	45.52
	12.84
	30
	5.0
	5.0
	3.4
	355
	76
	7
	263
	83
	166

	01/06/18 08:28
	45.54
	12.84
	30
	5.0
	
	
	
	
	
	
	
	

	02/06/18 07:42
	45.54
	12.84
	30
	5.2
	
	
	
	
	
	
	
	

	02/06/18 17:39
	45.57
	12.79
	30
	5.1
	
	
	
	
	
	
	
	

	03/06/18 06:13
	45.52
	12.85
	30
	5.2
	5.1
	6.4
	350
	68
	-9
	83
	81
	-158

	04/06/18 18:51
	45.53
	12.81
	30
	5.1
	
	
	
	
	
	
	
	

	04/06/18 19:53
	45.53
	12.84
	30
	5.4
	5.0
	4.6
	352
	73
	7.0
	260
	83
	163

	04/06/18 21:20
	45.55
	12.85
	30
	5.4
	5.0
	4.5
	1
	68
	-2
	92
	89
	-158

	05/06/18 23:02
	45.51
	12.87
	30
	5.0
	5.1
	4.8
	347
	58
	1
	257
	89
	148

	06/06/18 09:37
	45.52
	12.87
	30
	5.0
	4.9
	3.3
	345
	67
	11
	250
	80
	156

	08/06/18 12:03
	45.50
	12.85
	30
	5.0
	4.9
	3.0
	247
	62
	153
	350
	67
	31

	12/06/18 17:17
	45.75
	12.77
	30
	5.4
	5.4
	15.7
	4
	58
	8
	269
	83
	148

	23/06/18 19:45
	45.60
	12.81
	30
	5.0
	5.0
	4.2
	360
	60
	7
	267
	84
	149

	25/06/18 17:41
	45.71
	12.80
	30
	5.0
	5.3
	10.8
	1
	57
	9
	266
	82
	147

	27/06/18 06:40
	45.74
	12.76
	10
	5.0
	5.2
	8.7
	1
	70
	14
	267
	77
	159

	28/03/19 01:40
	45.39
	12.76
	28
	5.0
	
	
	
	
	
	
	
	

	05/04/19 10:28
	45.40
	12.79
	28
	5.2
	
	
	
	
	
	
	
	

	14/05/19 00:20
	45.39
	12.79
	34
	5.1
	4.9
	3
	250
	45
	89
	70
	45
	91


Table S4. Regional velocity model. Vp/Vs ratio is fixed at 1.74.
	Depth (km)
	Vp (km/s)

	0-3
	3.5

	8-15
	6.7

	15-
	8.1


Table S5. Three intense Very Long Period tremors recorded between May and November 2018. Timings are reported from local MCHI or YTMZ stations.
	Date
	Start
	End
	Observations

	02/09/2018
	08:38
	8:55
	Several small earthquakes and different successive lobes of monochromatic low frequency waves. Peak at 0.062 Hz in the fast Fourier transform (FFT).

	02/09/2018
	11:12
	11:32
	Many repeating earthquakes associated with a long sequence of monochromatic low frequency waves.

	11/11/2018
	09:27
	09:47
	Several small repeating earthquakes within the sequence of monochromatic low frequency waves. Peak at 0.062 Hz in the FFT. Waveform very similar to event 2.


Table S6. The GNSS stations in Mayotte with name, owner, and coordinates (location map in Fig. 11)

	Site
	Name
	Owner
	Long
	Lat

	GAMO
	M’Tangamouji
	EXAGONE (TERIA)
	45.0848
	-12.7615

	MTSA
	M’Tangamouji
	Precision Topo (Lél@sarl)
	45.0789
	-12.7616

	KAWE
	Kawéni
	Precision Topo (Lél@sarl)
	45.2251
	-12.7670

	MAYG
	Dzaoudzi
	CNES
	45.2582
	-12.7821

	PORO
	Poroani
	Precision Topo (Lél@sarl)
	45.1440
	-12.8975

	BDRL
	Bandrélé
	EXAGONE (TERIA)
	45.1928
	-12.9109


Table S7. Velocity anomalies at the Mayotte GNSS stations during deformation phase D from July 3rd to November 14th, 2018, assuming a linear trend (observations, model, and residuals). 

	
	Phase D velocity (mm/yr)
	Phase D model (mm/yr)
	Residuals (mm/yr)

	Site
	East
	North
	Up
	East
	North
	Up
	East
	North
	Up

	GAMO
	172
	-4
	-69
	153
	-5
	-78
	19
	1
	9

	MTSA
	173
	-5
	-83
	151
	-5
	-76
	22
	0
	7

	KAWE
	202
	-12
	-139
	227
	-6
	-160
	25
	6
	21

	MAYG
	176
	2
	-133
	248
	4
	-192
	72
	2
	59

	PORO
	180
	51
	-114
	166
	46
	-96
	14
	5
	18

	BDRL
	184
	77
	-125
	184
	63
	-119
	0
	14
	6


Table S8. Temporal evolution of the velocity anomalies during phase D at stations BDRL, GAMO, KAWE, and MAYG.
	
	
	
	BDRL
	GAMO
	KAWE
	MAYG

	
	
	
	mm yr-1
	mm yr-1
	mm yr-1
	mm yr-1

	East
	D1
	11/7/18-11/10/18
	175
	163
	173
	168

	
	D2
	11/10/18-11/1/19
	235
	220
	251
	224

	
	D3
	11/1/19-11/4/19
	227
	194
	213
	203

	
	D4
	11/4/19-11/7/19
	121
	104
	112
	99

	
	D5
	11/7/19-11/10/19
	82
	67
	74
	63

	
	D6
	11/10/19-11/1/20
	36
	29
	32
	27

	North
	D1
	11/7/18-11/10/18
	74
	-1
	-12
	4

	
	D2
	11/10/18-11/1/19
	99
	-19
	-29
	-9

	
	D3
	11/1/19-11/4/19
	71
	-16
	-19
	-19

	
	D4
	11/4/19-11/7/19
	51
	-17
	-14
	-1

	
	D5
	11/7/19-11/10/19
	19
	-11
	-27
	-9

	
	D6
	11/10/19-11/1/20
	21
	1
	4
	-3

	Vertical
	D1
	11/7/18-11/10/18
	-113
	-57
	-120
	-120

	
	D2
	11/10/18-11/1/19
	-171
	-126
	-185
	-190

	
	D3
	11/1/19-11/4/19
	-159
	-67
	-152
	-162

	
	D4
	11/4/19-11/7/19
	-82
	-53
	-88
	-102

	
	D5
	11/7/19-11/10/19
	-56
	-39
	-55
	-39

	
	D6
	11/10/19-11/1/20
	-40
	-24
	-5
	-39


Table S9. Deformation during phase C split into two contributions: deflation of the reservoir and inflation of the feeding conduit. The values in the column C_reservoir (*) are estimated by scaling the rates of phase D by 55% for 42 days (from Tab. S7). The modelling of the conduit parameters assumes that the centre of the conduit is above the centre of the reservoir.

	
	Observed Total phase C
	C_reservoir (*)
	C_conduit (observation)
	C_conduit (model)
	Residuals

	Site
	East
	North
	Up
	East
	North
	Up
	East
	North
	Up
	East
	North
	Up
	East
	North
	Up

	
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm

	GAMO
	0
	-4
	-9
	11
	0
	-4
	-11
	-4
	-5
	-8
	-2
	1
	-3
	-2
	-6

	MTSA
	1
	-4
	5
	11
	0
	-5
	-10
	-4
	10
	-8
	-2
	1
	-2
	-2
	9

	KAWE
	0
	-3
	-8
	13
	-1
	-9
	-13
	-2
	1
	-13
	-3
	3
	0
	1
	-2

	MAYG
	0
	-6
	-9
	11
	0
	-8
	-11
	-6
	-1
	-17
	-4
	4
	6
	-2
	-5

	PORO
	0
	-2
	0
	11
	3
	-7
	-11
	-5
	7
	-13
	-6
	2
	2
	1
	5

	BDRL
	-6
	-7
	-10
	12
	5
	-8
	-18
	-15
	-2
	-16
	-8
	2
	-2
	-7
	-4


Table S10. Deformation during phase B from May 15th to May 30th. We assume that the fault has the same geometry as the conduct of phase C: a rectangular fault of 20 km height, 4 km extension, and slip 0.85 m.
	
	Phase B
	Model
	Residuals

	Site
	East
	North
	Up
	East
	North
	Up
	East
	North
	Up

	
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm

	GAMO
	5
	-2
	0
	3
	-1
	0
	2
	-1
	0

	MTSA
	5
	0
	0
	3
	-1
	0
	2
	1
	0

	KAWE
	6
	-3
	0
	6
	-1
	0
	0
	-2
	0

	MAYG
	3
	-1
	-1
	6
	-2
	0
	-3
	1
	-1

	PORO
	2
	-2
	0
	1
	-1
	0
	1
	-1
	0

	BDRL
	4
	-1
	0
	1
	-1
	0
	3
	0
	0


Table S11. Evolution of the effusion rate estimated over periods of three months each.

	Phase
	Mean date
	Effusion rate
	rms fit

	
	
	km3 yr-1
	m3 s-1
	cm

	D1
	20/08/2018
	2.30
	73.0
	1.60

	D2
	20/11/2018
	3.00
	95.1
	2.64

	D3
	20/02/2019
	2.44
	77.2
	2.24

	D4
	20/05/2019
	1.43
	45.3
	1.37

	D5
	20/08/2019
	0.86
	27.1
	1.34

	D6
	20/11/2019
	0.49
	15.6
	0.89


Table S12. Evolution of the effusion rate estimated over periods of three months each by assuming a dual source.

	Phase
	Mean date
	Main reservoir
	Secondary reservoir
	rms fit

	
	
	km3 yr-1
	m3 s-1
	km3 yr-1
	m3 s-1
	cm

	D1
	20/08/2018
	2.30
	72.9
	0.00
	0.0
	1.59

	D2
	20/11/2018
	2.92
	92.4
	0.12
	3.8
	2.03

	D3
	20/02/2019
	2.44
	77.2
	0.11
	3.5
	2.04

	D4
	20/05/2019
	1.28
	40.7
	0.08
	2.4
	1.06

	D5
	20/08/2019
	0.85
	27.0
	0.06
	1.8
	1.04

	D6
	20/11/2019
	0.39
	12.2
	0.06
	1.8
	0.76


Table S13. Analysis of the fits and effusive volumes as a function of source depth and model type (single v/s dual) in the case of phase D2 (period from October 5th, 2018 to January 5th, 2019).
	Depth
	UTM
	UTM
	Long.
	Single source
	Dual source

	
	East
	North
	
	effusive rate
	rms fit
	effusive rate (main)
	effusive rate (secondary)
	rms fit

	km
	km
	Km
	°
	km3 yr-1
	mm
	km3 yr-1
	km3 yr-1
	Mm

	24
	561
	8587
	45.56
	2.56
	29.67
	2.34
	0.11
	22.17

	28
	567
	8587
	45.62
	3.5
	26.09
	3.17
	0.13
	19.34

	32
	571
	8587
	45.65
	4.18
	23.24
	3.94
	0.14
	18.04

	36
	578
	8587
	45.72
	5.39
	21.67
	5.09
	0.17
	16.16

	40
	585
	8587
	45.78
	6.66
	20.68
	6.42
	0.19
	14.67
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