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fOn May 10, 2018, a sudden activation of earthquakes of magnitude Mw > 4 inaugurated the seismo- During the MAYOBS1 marine campaign (1-19 May 2019 aboard of the "Marion Dufresne”), a new submarine }
volcano was discovered, about 50 km East of Mayotte island [https://doi.org/ |
10.18142/291]. Also, GNSS stations recorded a global movement of the island of a dozen of centimeters east- }

ivolcanic crisis in Mayotte.

Since then, 3 000 earthquakes have been detected

i and manually located. In addition, 1250 LP (long period) events and 700 very long period events have
| been recorded. The seismicity is organised into two main swarms: the first is located approximately
50 km east of the Petite Terre seismic crisis, the second is only approximately 20 km from the coast

i [Lemoine et al, 2019].
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What are VLFs ?

Source mechanism hypothesis :
X Talandier et al. [2016] (for similar signals at Le Rocard submarine volcano, French Polynesia) : a

resonance in an open superficial and pressurized pipe induced by fluid migration.

s
bg.‘

Lemoine et al., [2019] : an action of oscillating fluids into a magmatic reservoir.

s
bg.‘

Cesca et al. [2020] : excitation and resonance of fluid-filled crack in depth by a piston-like action
caused by pressure variation into the magma chamber. They propose that VLFs are resulting of
interaction between two fluids-filled cracks at a depth of 37 +/- 11 km.
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* Back-projection location :
Cross-correlation for each pair of stations (BB & OBH) of the filtered (10-20s) VLF
signal and 1-bit normalised. Mapping of station-pair cross-correlations in 3D space
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using a constant velocity. Stacking of the cross-correlation maps to find the maximum
likelihood source location.
Event depth (Z) depends on chosen velocity: Z>20 km @ 2.5 km/s; Z<5 km @ 4.5

km/s.

OBH corrected in acceleration and time (by cross correlation) . cosadk
HHZ corrected in ACC
Amplitude correction from theoritical attenuation formula

2019-03-08T19:30:00 VLP

stations, as proposed by An et al., [2017]. Cross-correlation between OBH and
broadband on-land stations, all corrected in acceleration, shows a pattern
linked to the source effect.

for VLFs of MAYOBS 1

* Dataset attributes :
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For all 85 VLFs detected during Mayobs1
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+* Synthetic dataset attributes : —
All synthetics undergo the same processing than the real data with cross- ]
correlation to correct from the wave propagation delay, which is retrieved and
drawn in function of the epicentral distance and amplitude ratio. :
\_ 600 Time [s] 1200 )
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f

Qd VT events [Mercury et al. AGU 2020].

<

1= Confirmation of the VLFs location in depth with direct modelling
with local and teleseismic stations. Refine amplitude ratio analysis.
Explore parameter space to better understand particle motion.

iz~ Better understand of the source phenomenon through numerical
modelling of the VLF waveform signal as a dumped oscillator
embedded in a medium (rock and fluids).

&= Compare VLF with other type of seismicity recorded during the
Mayotte seismic crisis as LP (1-5 Hz) [Retailleau et al., AGU 2020]

J

and-downward. These movements are interpreted as the deflation of a source at 30 km deep East of |

Mayotte, with a total volume of drained magma estimated at of around 2 km3 on November 2019 [Lemoine ]
et al, 2019]. "
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+ Cross-correlation delay versus epicentral distance :
Delay retrieve by the cross-correlation of the waveform at each station with

the reference station (MONO/002).
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What is the best velocity model and depth ?

+ Synthetic particle motion :
In addition to the time delay and amplitude ratio atiributes, we compute particle motion. Polarization attributes of the particle motion
(aspect ratio, tilt of the elliptic shape) depend on the source depth and on the velocity model.
Preliminary results show the effect of mixed waves (P & SV) on the polarization. Synthetic particle motion show good agreement for the
closest station (PMZI), but the difference between observed and modelled data increases with distance.

Particle motion is a promising alternative method but a thorough exploration of all depth and velocity model is necessary.

* Velocity model with an homogeneous layer :
Depth of 10 km :
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VLFs events are probably located above the main seismic swarm,
in the aseismic layer. The depth location of 20 km (blue star) fits
with the hypothesis of a shallow magmatic layer found by

petrochemical analysis performed by C. Berthod et al. [2021]. In

addition, other seismic analyses point towards possible magma

underplating: A. Dofal [2021] founds clues from receiver

functions for a 9 km thick magmatic layer around 20 km of depth;
long-period seismicity located around 25 km of depth [Retailleau
et al., AGU 2020] further suggests the presence of fluids in this

transition zone. Our source can be linked to the resonance of

magmatic fluid filled cracks, as proposed by Cesca et al. [2020].
Alternatively, for events of this size, the hypothesis of fluid

resonance within the whole magmatic layer can be considered.
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Where are they located ?

What do VLFs tell us on the magmatic

system in Mayotte?
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