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The exact nature of crustal magmatic reservoirs is elusive as they cannot be sampled
insitu. The traditional view that magma chambers contain essentially molten material

hasrecently been replaced by the transcrustal magmatic system (TCMS), in which
reservoirs are mostly composed of immobile magmatic crystals with a minute
fraction of more mobile melt'?, creating a ‘magmatic mush”. Eruptions are possible
ifa significant portion of melt segregates into melt-rich lenses within the mush
reservoir’. The TCMS concept is, however, a default model essentially justified by the
absence of clear geophysical signatures of melt-rich magma chambers'*, and by the
rare and tentative estimates of the melt fraction in the crustal storage zones based on
geochemical and textural analysis of eruptive products®®. Here we image a bright
electrical conductor at 23 + 1 km below sea level beneath Mayotte island that we
interpret as amagmatic reservoir, based on laboratory measurements of Mayotte’s
melt conductivity. This large magmatic reservoir (more than 200 km?®) contains a high
melt fraction (22-42%). Such a crystal-to-liquid ratio matches the reconstructed
differentiation paths’? producing the melts that recently erupted at Mayotte. This
reservoir is possibly connected to the system that fed the large submarine eruption of
Fani Maoré in 2018-2019".

Although most volcanic systems produce small-volume eruptions
(<1km?), large volumes of magma are believed to be stored beneath
these active centres"". However, geophysical exploration has rarely
provided clear images of such magmatic regions'. Ina thorough com-
pilation, ref. 12 revealed that the seismic anomalies so far observed can
be interpreted as magmatic zones with much less than 20% melt for
volumes of 30 km?to 10* km?. However, several points remain unclear,
owing to long-recognized difficulties in (1) imaging relatively small
(meltrich) magmasystems"*? (thatis, <100 km?), and (2) quantifying
melt fractions from seismic wave velocity data (V;, Vs, Vi/Vs). Inthe
absence of clear geophysical identification of magma chambers, and
based onmodelling of the thermomechanical properties of magmatic
reservoirs?, the transcrustal magmatic paradigm! has been proposed,
in which melt batches are distributed diffusely at depth. This implies
that the traditionally held concept’ of magma chambers (that s, stag-
nant melt-rich regions) constitutes only a small part of the reservoir.
A powerful but less popular geophysical means of tracking meltin
the crust is by magnetotelluric (MT) methods, which determine the
vertical and lateral variation in electrical conductivity in Earth’s inte-
rior™®. The conductivity of meltsis much higher than that of solids***?,
making estimates of melt fraction using the conductivity of solid-melt
mixtures relatively unambiguous, as long as the conductivity of both
meltandsolid are known*. Several MT studies have imaged magmatic
reservoirs™ " and partial melt in the mantle?®.In most cases, though, the

attempts to quantify the melt fraction from the conductivity of these
magmatic reservoirs have been imprecise because of the absence of
constraints on the melt conductivity'® and the impossibility of using
predictive models of melt conductivity?. In the rare cases where melt
conductivity is well known*, the retrieved melt fractions are found
to be low (for example, <10%). Here we combine thorough field and
laboratory constraints to investigate a magmatic reservoir beneath
Mayotte, France, in the Comoros archipelago.

Mayotte within the Comoros volcanic chains

The Comoros volcanic archipelago extends over 600 km long and
200 km wide? with a globally east-west orientation between East
Africaand Madagascar in the north Mozambique channel (Fig.1). Itis
composed of four mainislands (Grande Comore, Mohéli, Anjouan and
Mayotte, the oldest and easternmost). Submarine volcanic seamounts
furthermore form major morphological ridges, as, for example, the
East Mayotte volcanic chains', or are distributed in the great volcanic
provinces? on the abyssal plain. The archipelago was built on a thick
sedimentary cover® (2-3-km thick) and a Mesozoic oceanic crust'.
The Comoros volcanism began in the Tertiary time (about 32 million
years ago (Ma)) in the eastern part (Zélée-Geyser bank and Mayotte),
thenspread northwestwards from 8 Mato 9 Mato formthe present-day
archipelago®. Currently, two volcanoes are active, the Karthala Volcano
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Fig.1|Map of theinvestigated area at Mayotte. a, Black diamonds are the
shallow marine and onland MT sites on Mayotte used for this study, surrounded
by aphase tensor ellipsis computed ata period of 100 s and filled with ¢,,,
values (in degrees; values above 45° indicate adecrease in electrical resistivity
below the depth of investigation, see colour scalein the key in the bottom-right
corner). Theblacklineindicates the vertical sectionin the 3D MT model shown
inFig.3. Theyellow circlesindicate the epicentres of the June 2018-June 2020
seismic catalogue concatenated fromrefs. 33,34 (selection of seismic events
detected fromland array with magnitude >3 and root mean square <0.3 and
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in the western part of the Grande Comore island, and the submarine
Fani Maoré volcano 50 km east of Mayotte. Mayotte is composed of two
mainislands, Grande Terre (west) and Petite Terre (east), separated by a
lagoon. The subaerial volcanic activity initiated around 6.5 Ma (ref. 25)
and the most recent activity was dated 4 thousand years ago®¥. The
originof'volcanicactivity inthe Comorosis still asubject of debate, with
two main theories?®?: (1) mantle plume interaction with the oceanic
lithosphere®***; and (2) deformation in the lithosphere triggered by
Lwandle and Somalia plate’®** dynamics. Figure 1b shows the regional
structural map marked by aright-lateral, 110° N-directed, shear zone*.

Since 10 May 2018, Mayotte has been experiencing the biggest off-
shore seismo-volcanic crisis ever documented'®?**73¢, A new, 820-
m-high submarine volcanic edifice (named Fani Maoré; Fig. 1) has
been discovered', with an estimated erupted volume of >6.55 km?
(ref.37).In the period May 2018-May 2021, geophysical monitoring
revealed telluric activity including (1) global eastwards displacement of
21-25 cmand a10-19 cm subsidence of Mayotte'®*, and (2) more than
100,000 earthquakes in 2 regions, located along a 22-to-45-km-deep
proximal cluster centred on the active submarine ‘horseshoe’ volcanic
area and a northwest-southeast distal cluster trending towards Fani
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oceanbottom seismometer (OBS) marine array used for velocity modelling),
which shows proximal and distal clusters. The orange star is the submarine
FaniMaoré volcano (2018-2021) and the red stars are samples DRO6 and DRO8
obtained from dredging during the MAYOBS2 survey** (Methods). The orange
arrows are theregional stress field fromref.32.b, Regional kinematicsin the
Mozambique Channel with plate boundaries and strike-slip regime'*?>2%34,
Theredrectanglerepresents theareashownina. Theblack halfarrows show
the active strike-slip tectonic regime of the Comoros?. Lwandle plate tectonics
isknown; Somalia plate tectonicsis stillunder debate.

Maoré!®?8343¢ (Fig, 1). Two main interpretations® suggest either a
27-km-deep large-volume magma reservoir below the horseshoe area®,
or below Fani Maoré with an additional source below Mayotte island?.

Mayotte’s magma and their storage

The volcanism at Mayotte is alkaline®*?, with a large range in differ-
entiationindex, from primitive mantle melts (for example, basanites)
to strongly differentiated compositions (for example, phonolites).
Figure 2 makes clear that therecentlavas found onshore and offshore
constitute a single chemical evolution trend”®. Recent petrological
surveys have focused on offshore sampling and identified three types
of melt composition””: putative parental basanite, evolved basanite
and phonolite (Fig. 2). The parental basanite is most likely issued from
melting of a Iherzolitic mantle®. The production of evolved basanite
liquids, which constituted most of the Fani Maoré eruptive event,
implies crystallization of around 50% of the parental basanite® (Fig. 2).
The phonolite melt can then be formed by the partial crystallization of
the evolved basanite™. Thermobarometric investigations combined
with thermodynamic modelling® suggest that the magmatic system
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Fig.2|Chemical composition of lavas at Mayotte. Total alkali (Na,O + K,0)
versus SiO, diagramillustrating the two compositional differentiation trends
characteristic of Mayotte magmatism: highly silicaundersaturated and
moderately silicaundersaturated’”®?. We consider only the most recent eruptive
products (from the north-central domain of Mayotte), thatis, the moderately
silica-undersaturated line. The stars show the parental basanite (brown), evolved
basanite (red, DRO8) and phonolite (orange, DR06) compositions describedin
thiswork. The degree of crystallization and temperatures necessary to produce
evolved and phonolitic melts from their parental counterparts areindicated
(seetextand Methods). BS, basanite; B, basalt; BA, basalt-andesite; A, andesite;
M, mugearite; Be,benmoreite; D, dacite; T, trachyte; R, rhyolite; T-PH, tephri-
phonolite; PH-T, phono-tephrite.

feeding the Fani Maoré volcano is multi-levelled, involving the pro-
duction of the parental basanite at >80 km depth, which rises from
adeep reservoir (37-48 kmin depth), in which the evolved basanite
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Fig.3|Vertical and lateral variations of electrical conductivity beneath
Mayotte. The plot shows the vertical conductivity and resistivity section
extracted from the 3D MT inversion results. This 30-km-deep electrical
resistivity profile corresponds to the northwest-southeast + southwest-
northeastbrokenblacklineshowninFig.1. Theblacktriangles show the
orthogonal projection of the MT stations on the profile. The conductivity and
resistivity scale is upper- and lower-bounded by the maximum and minimum
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is produced by fractional crystallization. The evolved basanites then
migrated to near-Moho depths (17 + 6 km) before producing the Fani
Maoré eruption. It should be noted, however, that thereisa high level
of uncertainty around the application of both thermobarometric
methods and thermodynamic calculations to such alkaline magmas’.
We thus conducted high-pressure-high-temperature experiments
on the evolved basanite composition. These experiments show that
the near-liquidus olivine-magnetite-glass phase assemblages of the
evolved basanite can be reproduced at temperatures of 1,075 £ 10 °C
and pressures ranging from 0.4 GPa to 0.65 GPa (Methods). This is
equivalentto a depth of 13-25km. The offshore phonolite liquids have
mostly been found near the horseshoe area (Fig.1). Arange of produc-
tion conditions have been suggested for these liquids: on the basis of
thermobarometric analyses and thermodynamic modelling, ref. 9
proposed that they derive from the crystallization of the evolved basan-
iteat15-20 km, whereas ref. 7 constrained their formationat 7 + 1 km
using experimental phase equilibria. At such shallow depths, iron-rich
phonolite melts (that is, 6-7 wt% FeO) are produced via crystalliza-
tion of 65% of the evolved basanite at 925-950 °C (Methods). Accord-
ing to ref. 7, there is an onshore-offshore dichotomy for phonolite
based ontheiriron content:iron-poor (4 wt% FeO) onshore phonolite
is produced at greater depth, around >8 km, but no storage depths
were firmly defined. To summarize these petrological constraints,
evolved basanites are expected to be stored at mid-lithospheric depth
(13-48 km), whereas phonolite melts are expected to be found at shal-
lower levels (7 km for offshore occurrences, slightly deeper for onshore
phonolites).

MT imaging beneath Mayotte

We conducted several MT surveys and imaged a large electrically
conductive body beneath Mayotte which, combined with laboratory
measurements, is interpreted in terms of magmatic storage. The tech-
nical details of the MT surveys and the laboratory measurements are
provided in Methods.

Conductivity ~ Resistivity
Petite Terre Ssm™  @m)
— Horseshoe
[~ 0.006 159
0.008 126
0.010 100
[~ 0.012 80
0.016 63
t 0.020 50
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[ 0.040 25
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0.062 16
- 0.079 12.6
[ 0.100 10.0
0.125 8.0
0.159 6.3
. 0.200 5.0
resolution 0.250 4.0
jirea 0.312 3.2
_____ - 0.400 2.5

30 40

values retrieved from the inversion procedure. Two conductive bodies named
Cland C2areoutlined with dotted blacklinesand areinterpreted in terms of
magmatic storage. C2 maximum conductivity is located under the Horseshoe
area. The C2westwardsboundaryis defined by a25 Q misoresistivity lateral
contrast corresponding to amelt fraction of 7%. Below C2, alow-resolution
areaisshowninthe eastern part of the profile.
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Fig. 4 |Electrical conductivity of Mayotte’s melts and magmas. Laboratory
dataonalkaline meltconductivities are used tointerpret the nature of the C1
and C2 magmaticreservoirs beneath Mayotte. a,b, Laboratory measurements
ofelectrical conductivities of phonolite (DRO6; a) and evolved basanite (DROS; b)
meltsasafunction oftemperature. Itis noted that theinvestigated melts contain
various water contents (0.41 wt% to 6.35 wt% for phonolite and 0.37 wt% to

2.2 wt% for evolved basanite) and are subjected to arange of pressure conditions
(a,0.7GPa,1.1GPaand1.5GPa; b, 0.7 GPaand 1.5 GPa). The solid and dashed lines
aremathematicalmodels (Methods) describing the effects of temperature, at
thelabelled pressure, and for the melt water contents similar to the labelled
values. These curvesareissued from a global fit to the entire dataset (Methods).
The colour code indicates the melt water contents for both experimental

Figure 3 shows the vertical and lateral variations in electrical con-
ductivity (and resistivity) beneath Mayotte. The vertical section com-
bines 2 slices of a 30-km-deep three-dimensional (3D) MT inversion
model (Methods). The first 5 km beneath Mayotte (Petite Terre and
Grande Terre islands) has conductivity higher than 0.04 Sm™and
shows lateral heterogeneity. Beneath Grande Terre, we found a resis-
tive area (conductivity approximately 0.02 S m™)in the 5-23 km depth
range. At 23 kmin depth, the top of a conductive body (conductivity
>0.2S m™), here named C1, was encountered. Under the eastern part
of Petite Terre, theresistive areaisin the depthrange 5-12 km. Between
12 km and 23 km depth on the eastern side of Petite Terre, thereis a
0.04-0.125S mconductor named C2 (>0.083 S mm'on the eastern
part). The C1 conductor is also present beneath C2. We performed
different sensitivity tests on Cland C2: (1) the top of Clis located at
between 22 km and 24 km depth, and its conductivity ranges from
0.2Sm™?t00.33S m™, and (2) C2isalso well constrained by the dataset
(see Methods for details).

The two electrical discontinuities seen at 4 km and 23 kmin depth
are consistent with seismic studies conducted on land. Reference 39
revealed a Vs discontinuity (increasing with depth) at 4 km, interpreted
as being the base of the island. Reference 34 indicated an increase in
Vo/Vsratios at 22 kmbeneath Mayotte. Offshore passive seismic tomog-
raphy*°showed alow-velocity zone (high V,/V;ratio) inthe depth range
20-30 km, below the Horseshoe volcanic area, which was interpreted
asamushy magmatic body. High V,/V; ratios combined with high con-
ductivity (Fig. 3) are compatible with the presence of amagmatic body
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datapoints and calculated curves. c,d, The effects of temperature and melt
contents (expressedinvol%) onthe electrical conductivity of Mayotte’s magma
(melt + crystals; Methods), and these magma conductivities compared with the
Cland C2conductors (horizontal bands; see Methods for the width). Phonolite
(c) and evolved basanite (d) are modelled, with melt water contents of 3.5 wt%
and 1.75 wt%, respectively. The conductivity of the solid in cis 0.01S m™
(Methods), and aline, labelled 0%, directly shows the conductivity of amelt-free
clinopyroxene-olivine assemblage versus temperatureind. The vertical bands
indicate the temperature conditions determined by petrological survey”® for
the production of phonolite and evolved basanite liquids. These liquids are
similar to the eruptive products recently dredged at Mayotte®.

beneath the island that most likely extends towards the Horseshoe
domain.

We exclude the possibility that both C1 and C2 are hydrothermal
systems because of the great depth (12-30 km) and the relatively dry
nature of the magma, precluding the presence of voluminous deep
water-rich fluids. Cland C2 clearly represent magmatic storage zones,
but constraints on the conductivity of the alkaline Mayotte melts are
required to define this storage in terms of conditions.

Deciphering Mayotte’s plumbing system
Figure 4a,b shows thelaboratory measurements of electrical conductiv-
ity versus temperature for phonolite (sample DR06) and evolved basan-
ite liquids (DRO8) containing different water contents and subjected
to different pressures. We used the four-wire experimental protocol
defined by ref. 41. Increasing water content and temperature signifi-
cantlyincreases the melt conductivity, whereasincreasing pressure has
the opposite effect. The conductivity of phonolite and evolved basanite
liquids have been parameterized against pressure-temperature-H,O
using amodified Arrhenius formalism**. This parameterization allows
usto calculate the conductivity of the Mayotte melts and magma (that
is, melt + crystal) for arange of temperature, pressure, water contents
and crystal fractions (Methods). The parameterization reproduces the
experimentally measured conductivities to within 5%.

Figure 4c,d compares the conductivity values of Cl and C2 with the
electrical conductivity of the Mayotte phonolite and evolved basanite
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Fig.5|Interpretative structural scheme of the Mayotte volcanic plumbing
system. Thisinterpretationisinferred by joint experimental petrophysics
and MT data (this study, conductors Cland C2) and by passive seismic
tomography*° (low-velocity zones F1and F2). The June 2018-June 2020 seismic
catalogue concatenated fromrefs. 33,34 is shown as unscaled coloured dots
with atemporal colour scale, linked to effusion rate chronicles (bottom-right
curve). MT datarevealed amagmatic mush hosting 22-42% of evolved basanite

liquids for a range of magmatic conditions. The dissolved water con-
tentsinthe meltsare1.75 wt%and 3.5 wt%, which agrees with literature
estimations for the evolved basanite and phonolite melts, respectively”®
(see also our own assessment in Methods). The pressure conditions
correspond to the depth of the C1and C2 conductors, thatis, 800 MPa
and400 MPa(8,000-4,000 bar), respectively. The conductivity of both
melts exceeds the conductivity of C1and C2 by afactor two to three. We
assume below that the conductivity difference can be ascribed to the
presence of magmatic crystalsin the reservoirs, which areless conduc-
tive (Methods). We first discuss Clin relation to the evolved basanite
case. Considering atemperature of 1,075 + 10 °C for the production of
this melt, the conductivity of Clis consistent with areservoir containing
22-42% evolved basanite liquid plus 78-58% crystals (Fig. 4d). Following
ref. 8, the crystals are here assumed to be a 1:4 mixture of olivine and
clinopyroxene (Methods). Such a range of crystal fractions estimated
from the conductivity of Clis higher but comparable to the 50% crys-
tallization estimated by petrological methods® to produce an evolved
basanite liquid from a parental basanite. Theimpact of uncertainty inthe
storage temperature for the evolved basaniteisrepresented in Fig.4d,
which also shows the uncertainty in C1 conductivity; both uncertain-
ties are already considered in the assessed range of melt (22-42%) and
crystal (78-58%) contents in C1. Uncertainties in the melt water content
of £0.5 wt% would translate into a minimum of 18% (for 2.25 wt% H,0)
and a maximum of 47% (for 1.25 wt% H,0) of melt required to account
for theelectrical conductivity of C1. The assessment of melt fractionin
the Clconductoristhusarobustfeature, whichis furthermore broadly
consistent with independent petrological estimations.
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melt (conductor C1) at 25 km below Mayotte and, just above, ashallower
reservoir hosting 7-10% of phonolitic melt (conductor C2) below Petite Terre.
Wesuggesta continuity between the Cland C2 conductor and the low-velocity
structure named F1. The Fani Maoré volcano is composed of evolved basanite
andis showningreyontheeasternseafloor part. Vertical and horizontal scales
areidentical.

Using a similar methodology, we can relate C1to a phonolite case.
Considering atemperature of 925-950 °C for the production of pho-
nolite liquid’, we deduce that C1 conductivity is consistent with a
reservoir containing 20-33% of phonolite melt, that is, 80-67% of
crystals (Fig. 4c). We assume a conductivity for the crystals of 0.01S m™
(Methods). This range of crystal fraction is very close to the degree
of crystallization required to transition from an evolved basanite to
aphonolite melt according to the petrological data™. Yet, ref. 7 dem-
onstrated that such phonolite melts must be produced at depth much
shallower than C1. Thus, although the phonolite case could match
the conductivity of C1, existing phase equilibria constraints do not
favour this scenario.

We therefore endorse the scenarioin which Clisareservoir contain-
ing 22-42% of evolved basanite liquid plus 78-58% crystals. The C1
reservoir thus contains a greater solid fraction than (50%) expected
for the production of evolved basanite melt from parental basanite.
This possibly suggests that the magmatic reservoir has inherited
crystal cumulates from previous and long-term replenishment-
differentiationiterations. Thisisinline with the transcrustal magmatic
system paradigm. Yet, we infer a fairly high melt fraction, particularly
in view of the large conductive volume (most likely >200 km?®), which
isnot usual in transcrustal models. Alternatively, we could argue that
the C1 conductivity is an average that includes some wall-rocks in
addition to the magmatic reservoir, thatis, asort of composite perme-
able network. In this case, the reservoir may include local pockets of
much greater melt fraction. At this stage, however, it is not possible
for us to image conductivity heterogeneities and consequently melt



fraction variations within C1. C1shows a well resolved but uniform
conductivity of 0.2-0.33 S m™ (Methods).

C2isfirst discussed in the framework of an evolved basanite sce-
nario. At 1,075 °C and 0.4 GPa pressure, 0-13% of melt is required to
match the C2 conductivity range (0.04 Sm™to0 0.125S m™). Yet, such
a highly solidified magmatic reservoir should, according to phase
equilibria principles, be cooler than C1, and thus host a much more
differentiated residual melt, that is, a phonolitic melt. C2 is indeed
located at a depth that better matches onshore and offshore phono-
lite melt production regions™. In such a context, the C2 conductor
can be explained by a magmatic system containing 7-10% phonolite
melt (at 0.4 GPa), with 3.5 wt% dissolved H,0, at 925-950 °C (Fig. 4c).
A cooler phonolite system would involve a higher melt fraction as can
beread onFig.4c. Considering phonolite melts with4 wt% H,0 instead
of 3.5 wt% would imply an upper range of melt content of 9% instead
of 10%, which marginally affects our conclusion. Finally, changing
the conductivity of the solids from 0.01S m™to 0.001 S m™ modestly
changes the retrieved melt fractions (from 10% to 11% for the upper
bound). The interpretation of the C2 in terms of melt fraction is thus
arobust feature. Itis difficult to discuss the nature of C2in more detail
atthis pointasitoccurs at the margin of our MT array coverage (see the
sensitivity analysis of C2 in Methods and Fig. 5). However, it is impor-
tantto carry out further investigation on the eastern extension of this
body asit seems to extend towards the Horseshoe domain, where the
recent seismicity®*** and phonolitic volcanism® have been observed.
There is probably a connection between the C2 conductor and the
volcano-seismic activity at the Horseshoe, which deserves further
investigation (Fig. 5).

Possible hybrid onshore-offshore plumbing system

Finally, we consider whether there is any connection between the
large C1 magmatic reservoir and the gigantic Fani Maoré eruption.
We produced Fig. 5 to illustrate the discussion on this complex ques-
tion. The seismicity recorded during the Fani Maoré eruptive event
initiated much deeper, that is, 40 km, and 30 km eastwards of C1>***,
However, the seismicity accompanying the largest portion of the drain-
age within the putative reservoir (that is, late 2018 to early 2019) is
located next to C1%. As illustrated in Fig. 5, Clis located at the same
depth as amush (corresponding to a low-velocity volume, named F1
in Fig. 5) revealed by passive seismic tomography*°, 15 km eastwards,
on the seawards side. This suggests a continuity of the magmatic
structures imaged using the MT data (this study) and by seismic
tomography*® extending from beneath Mayotte island to beneath
the Horseshoe system. Figure 5 allows a visualization of this scenario.
Yet, the absence of offshore MT data and onshore 3D seismic tomog-
raphy prevents us from establishing a firm link between these deep
magmatic structures. We believe that claiming a firm connection
between the Clreservoir and the new volcano formed in 2018-2019
at Fani Maoré would be at this stage premature, but it can definitively
not be excluded. We furthermore note that a recent thermomechani-
cal model* of the Fani Maoré eruption rates require the involvement
of amagmatic mush, large enough to supply the large magma flow
rate during the eruptive climax. The C1 conductor might constitute
a part of such a reservoir. Defining its lateral extension beneath
the island and towards the seais thus an urgent research action to
undertake.
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Methods

MT imaging

MT dataset. In May 2019, a set of two land MT stations (002 and 003,
Extended DataFig.1) and four marine MT stations (m01, m02, m0O3 and
mO4; Extended Data Fig. 1) were deployed around Petite Terre island
for the purposes of geothermal exploration**.

We conducted asecond survey between1and 8 July 2020, to charac-
terize the deep magmatic structures of Mayotte. We set up seven MT
stations (n01,n03,n04,n05,n06,n07 and n0O8 with same characteristics
as 2019 but with a combination of MFSO6 and MFSO7 magnetic coils)
onGrande Terre along a north-northwest-south-southeast profile for
3-4 days of data acquisition at 512 Hzand 1 hour at 4,096 Hz.

In December 2020, we installed a third monitoring station at
Dzaoudzi airport (203; Extended Data Fig. 1), near the landing strip,
andacquired 4 days of data. Consequently, the MT dataset is composed
of15stations: 3 permanent land stations, 8 land stations and 4 shallow
marine stations.

AlIMT data are available at https://doi.org/10.18144/605e087b-74a7-
4c3b-b733-a5e6167beala (ref. 45).

MT data processing. See the data repository at https://doi.org/
10.18144/605e087b-74a7-4c3b-b733-a5e6167bea0a (ref. 45).

We processed the dataset using two-stage bounded influence remote
reference processing through two codes: Birrp*® and Razorback®.
Both algorithms furnished similar MT impedance transfer functions
but the Birrp results were of superior phase quality in the dead band
(0.05-0.5Hz). We used multiple remote references to reduce the noise
impacton transfer function estimates. We obtained 15 MT ‘broadband’
soundings (102-10°s; Extended Data Figs. 2 and 3). The 2019 marine
soundings m01, m02, m03 and m04 have lower signal-to-noise ratios
owing to swell and larger error bars on antidiagonal components.

Three-dimensionalinversion. We performed 3D inversions using the
MININ3D code**™', As the inversion grid parameterization for the inver-
siontechnique must be adapted to the properties and quality of the MT
dataset, we adjusted the number of parameters (thatis, horizontal and
vertical distribution of cells) to the number and distribution of data.
This approach led to the actual resolution of the data and produced
arealistic blocky distribution of parameters (for example, ref. 50).
Given the non-homogeneous distribution of sites, we designed a
specific grid of 26 x 33 x 18 cells, which included the bathymetry of
the study area. The total volume of the 3D model was 508,000 km?.
The horizontal dimensions of the cells in the central part of the model
was1x1km.Thethickness of the layers ranges between15 mand 25 km.
The 3D part of the model overlays a stratified model below 25 kmin
depth with 2 layers of thickness 50 km making the full model (3D and
1D) 125-km thick over ahomogeneous half space. The resistivity of the
stratified deep layers was alsoincludedin the inversion. Seawater holds
afixed resistivity of 0.3 Q m. The starting model was homogeneous.
The 3D inversion minimized a misfit function between the observed
data (the four components of the impedance) and the 3D model
response at all sites and frequencies weighted by the data variance.
The regularization term is the variance of the distribution of resistiv-
ity across the whole model***. After a careful editing of the data for
consistency and quality plus several tests of starting homogeneous
resistivity value and error floor values, anoptimum 10 Q mwas chosen
asstarting resistivity value, 3% error floor for the off diagonal and 10%
for the diagonalimpedances. For the final run, the starting root mean
square of the misfit was 14.4 and decreased to 1.7. The data retained
for theinversionand the model responses are shownin Extended Data
Figs.2and 3. We show theresults along aninflected line, composed of
two slices (Fig. 1), including the Grande Terre 2020 survey and Petite
Terre (Fig. 3). At site positions, we showed phase tensors computed at
100 s. The latter show maximum phases (¢,,,,) above 45°, indicating the

presence of aconductor below the depth of investigation. Inaddition, at
100 sagain, half of the sites show skew angles Sabove 3° (criterion after
ref.52), demonstrating the 3D dimensionality of the dataset. Moreover,
ref. 44 already exhibited 1,000-s phase tensors for sites REM and 002
and evidenced their orthogonality with the regional oceanic ridge
(around 135° N). The same trend is shown for 10 of the 14 stations in
Extended DataFig. 4.

Consequently, 3D inversion was necessary because of the geometry
ofthedatadistributionand the heterogeneity of the substratum. How-
ever, as the data are mostly along the profile line, they do not resolve
well the structures away from the inflected line (Fig. 1). Hence, we
presented the model in Fig. 3 only as a vertical slice along the oblique
profile.

Sensitivity study. As the C1 and C2 conductors are key elements for
understanding the magmatic system below Mayotte, we performed
different sensitivity tests. The purpose of these tests is to determine
whether changes in some of the key characteristics of the model were
actually resolved by the data. We changed one parameter at a time,
computed the responses for the modified models and compared the
total misfit obtained at all sites to the misfit of our preferred model,
expressed as a percentage of change of the misfit. First, we tested the
depth to the top of conductor C1 between depths of 15 km and 30 km
(Extended Data Fig. 5a). We obtained the minimum misfit variation
between the forward model and real data for atop between 22 km and
24 km depth. Second, the layer containing the conductor C1(Fig. 3) was
settobe homogeneousinthe 3D model. We tested different resistivity
valuesbetween1Q mand15 Q m (Extended DataFig. 5b) and obtained
best misfit values in the resistivity range 3-5 Q m (thatis, 0.2Sm™to
0.33S m™in conductivity). Below and above these values, the misfit
grows rapidly with the change in resistivity. Consequently, both top
depth and resistivity of C1 are well constrained by the dataset.

Models cells within Clare10 x 10 x 15 km and C1tops at 22 km depth.
Thus, lateral resistivity variations within the 3-5 Q m range, below
22 kmand in the east-west direction under Mayotte island are poorly
constrained by the dataset.

Finally, we tested the resolution of conductor C2. This body is mostly
controlled by the Petite Terre dataand was already presentin the results
ofref.44.First,thewhole12-23 km layer (Fig.3) was set to be homogene-
ous with amedian value of 21 O m (computed for the whole heterogene-
ous layer) and the misfit increase was 9.9%. Then, C2 was replaced by
a50 Q mblock. The misfitincreased by 18%. Finally, the resistive area
west of C2 was set to be conductive with aconductivity value of 4 Q m.
The misfitincreased by 35%. These 3 scenarios refute the hypothesis of
aone-dimensional layer in the 12-23 km depth section and confirm that
the dataset constrains the lateral transition between the resistor and C2
inFig.3.Forthe C2body, the meanresistivity valueisabout 9 Q mwith
amaximum value of about10-12 O m, above which the misfitincreases
rapidly. Below about 7-8 Q m, the misfit increases even more rapidly.

We also produced maps of misfit over the area of the MT survey
(Extended Data Figs. 6 and 7) for depth and resistivity boundaries
tested in the sensitivity analysis (Extended Data Fig. 5). These maps
show the relative misfit changes (with respect to our best model misfit
shown in Fig. 3) for the C1 conductor depth and resistivity. We show
the misfit variations at the roof of C1 between 15 km and 30 km depth
(Extended DataFig. 6a,b, respectively) and the misfit for the resistivity
of Clbetween1Q mand15Q m (Extended DataFig. 7a,b).

Deepening C1to 30 km depth increases the misfit at most stations
except station nO5 (Extended Data Fig. 6, bottom) and slightly at the
two northernmost marine stations off Petite Terre. Increasing C1to
15 km depthincreases the misfitsinall stations located in Grande Terre
(Extended DataFig. 6, top) and slightly decreases the misfit of 2 marine
sites (m04 and m02) around Petite Terre.

At a fixed roof depth of 22 km (of the best-fitting model), increas-
ing the Clresistivity value to 15 Q m markedly increases the misfit on
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most stations (excepted stations n05 and 203; Extended Data Fig. 7,
top). Decreasing the Clvalue to1Q mincreases the misfit at several
sites across the area though the impact is less marked than the previ-
ously describedincrease inresistivity (Extended Data Fig. 7, bottom).
Thisresultindicates that the upper bound of resistivity is well defined,
whereas the lower bound is constrained by only a limited number of
sites. ThemodelinFig.3 captures ‘conservative’, that is, maximum val-
ues of minimumpresistivity, and thus, minimum melt fraction estimates.

Petrology

The magmas erupted on the Mayotte volcanic complex and on the
recently active (2018-2021) submarine ridge define two different mag-
matic lineages (Fig. 2). Old magmas (10.6-1.9 Ma) from the southern
Mayotte region are alkali rich and highly silica undersaturated® com-
pared with their younger counterparts (0.75 Ma-present) from the
north central-east domain and the most recent Holocene products®’
(including the 2018-2021 evolved basanite DROS8 (red star) and the
phonolite DRO6 (yellow star) samples of this study). The latter are also
silica-undersaturated, but show moderate alkali enrichment®®* (Fig. 2).
Inbothcases, crystal fractionation is the main mechanism controlling
magma evolution’”’.

Extended Data Table 1 summarizes the petrological relationships
betweenthethree typical melt compositionsrecently discussed in the
literature”®. The bold numbers are used here to calculate the electri-
cal conductivities of the C1and C2 magmatic reservoirs in Fig. 4c,d.

Reference 8 modelled the production of the hydrous evolved basanite
sample by crystallizing 50% (40% clinopyroxene, 10% olivine) of a paren-
tal basanite at temperatures of 1,090-1,050 °C and depths >37 km.
Reference 7 experimentally demonstrated that phonolitic liquids
containing up to 3.5 + 5wt% H,0 and with a similar composition to
those found at Mayotte can be produced by the partial crystallization
of the evolved basanite at 950-925 °C, depth of 6-8 km. This involves
the crystallization of an olivine, plagioclase, amphibole, clinopyrox-
ene, biotite, magnetite, ilmenite and apatite assemblage. The above
petrological constraints define two distinct magmatic scenarios that
arethenusedtointerpret the nature of the electrical anomalies meas-
ured beneath Mayotte.

Considering the high sensitivity of electrical conductivity of
magma on temperature, we performed crystallization experiments
at1,050-1,075-1,100 °C and 400-650 MPa (Extended Data Fig. 8)
using internally heated pressure vessel apparatus’ and piston cylin-
der apparatus* at Institut des Sciences de la Terre d’Orléans (ISTO).
H,Owas varied between 0 and 3 wt% in the capsules to cover the water
contents estimated in the natural samples (Extended Data Table 2).
Scanning electron microscopy inspection of the experimental charges
(Extended Data Table 2) revealed a mostly glassy sample with coexist-
ing magnetite, tolivine, +clinopyroxene (Px) and tplagioclase (PI). At
water contents characteristic of the natural evolved basanite, DROS8, a
temperature of 1,075 °Cis near liquidus, with olivine-magnetite-glass
assemblages similar to that analysed in DROS® (Extended Data Fig. 8).
This is broadly consistent with the estimates of ref. 8,1,095 + 20 °C,
based on olivine-melt equilibria.

Regarding the pressure conditions, Extended Data Fig. 8 indicates
that DROS8 paragenesis (olivine + magnetite + liquid) can form at
400-650 MPa for the range of water contents suggested in Extended
DataTablel.

Laboratory measurements of electrical conductivity and their
modelling
All data and the model we fitted are available in an excel file entitled
‘Laboratory data and models for Wawrzyniak et al’ (see ‘Data avail-
ability’).

We used the experimental protocol first described in ref. 41 and
adapted to silicate melts in ref. 4. Both dry and hydrated glassy sam-
ples were placed in 3/4-inch assemblages in a piston cylinder at ISTO.

Inacoaxial geometry*?, samples were sandwiched between aninternal
and external electrode composed of platinum®*. Iron loss to the plati-
num capsule was found to be negligible given the short run duration
(maximum 2 hours). These electrodes are connected to a Solartron
1260 impedance analyser using a four-wire connection, implying
that no correction is required for the measured resistances, unlike
for other protocols®*. Temperature cycles were conducted to ensure
the constancy and reproducibility of the temperature-conductivity
paths. Experiments were conducted in the pressure and temperature
rangesindicated in Extended Data Table 3. Experiments were stopped
by switching off the power supply to the graphite furnace, yielding
cooling rates >100 °C per second. All recovered samples were glassy.

The starting materials were prepared in the laboratory and consisted
of ground samples of DRO6 and DRO8®, which were dredged during
the MAYOBS?2 survey deep-sea sampling missions*. An excel file (see
‘Data availability’) provides the bulk compositions of these starting
materials and all results. Extended Data Table 3 provides here a sum-
mary. These samples are glassy and they naturally contain dissolved
H,O (samples DRO6-and DROS8-). Dry samples of DRO6 and DRO8 were
prepared by melting the glass powder in a high-temperature furnace
inair (labelled DRO8-0 and DR0O6-0). One H,0-rich glass (DR06-6) was
obtained from DRO6 upon hydrationat1,100 °Cand 250 MPaover24 h
in a pressure vessel at ISTO (for example, see refs. 4,56 for a similar
procedure). Water contents of all glassy materials before the conduc-
tivity measurements were measured using an elemental analyser**.
After conductivity measurements, we used infrared spectroscopy to
determine the dissolved H,0 contents in glasses using the 3,600 cm™
absorption band®.

In addition, the water content of the DRO8-’ run was check using
Raman spectroscopy techniques® atISTO, and the obtained peak ratios
compared with those derived from basanite standard glasses with
known H,0 concentrations®. This yielded awater content of 3 + 0.8 wt%
for this experiment.

The conductivity data (oin S m™) are all available in the excel file
(see‘Dataavailability’). These datawere regressed using an Arrhenius
formalism against temperature and pressure. This involves the follow-
ingequationwith a pre-exponential term (0°), anactivation energy (£,)
and an activation volume (dV), defining the temperature (7, K) and
pressure (P, bar) dependences:

Ino=Ino®- (E,+PxdV)/(Rx T) (€]

These regressed parameters for each experiment (Extended Data
Table 3) are relatively close to the parameters obtained by ref. 54 on
aniron-free basaltic composition, and are much lower than the con-
ductivity values recently obtained for alkali-rich nephelenite melt
compositions®,

The dependences of the electrical conductivity (¢, Sm™) on
melt water content (wt% H,0), pressure (Pin bar) and temperature
(TinK) for each composition (DR06 and DRO8) were all regressed to
produce the following equations (2) and (3):

DRO6-phonolite:

Ino=7.56 + (65,184 + In[H,0 wt%] x 3,367.2)/(8.314 x T)

2
+(0.0976 x [H,0 wt%] -1.2688) x P/(8.314 x T) (2)
DRO8-evolved basanite:
Ino=10.68 + (113,332 + In[H,0 wt%] x 4, 648.7)/(8.314 x T) 3)

+(-0.70x P)/(8.314 x T)

Itisnoted that we werenot able toresolve adependence of the pres-
sure effect on water content for DROS. Equations (2) and (3) canrepro-
duce the experimental data within 5% (in conductivity units, Sm™).
Equations (2) and (3) are used to draw the conductivity curvesin Fig. 4



and the excel file (see ‘Data availability’) contains all the equations
allowing these calculations to be done.

The effect of crystal content on the melt conductivity (Fig. 4c,d) was
calculated using ref. 59. This empirical law calculates a crystal effect
similar to the Hashin-Strickmann upper bound at high melt fraction
(thatis, f>0.5) and evolves towards a tubule law for small melt frac-
tion (f< 0.1). This is consistent with the methodology and the results
of previous assessment of melt fraction in mantle domains from MT
data®® and imaged melt-crystal topology versus melt fraction®%,

The conductivity of crystalline phases is assumed to be in the range
0.01-0.001S m™ for the phonolite case (DRO6; Fig. 4c). This range
is assumed based on the low conductivity of the solid assemblage
composed of olivine, plagioclase, amphibole, clinopyroxene, biotite,
magnetite, ilmenite and apatite at 925-950 °C, given that the magnet-
ite volume fraction in the solid is much less than 10%. We conducted
various sensitivity tests showing that the conductivity of the solid (in
the 0.01-0.001 S m™ range) has a negligible impact on the calculated
conductivity of C2. For the evolved basanite case (DROS8; Fig. 4d), the
crystallizing phases during the parental basanite to evolved basanite
fractionation produces clinopyroxene and olivine in a 4/1 ratio®. We
used refs. 63,64 to compute the conductivity of olivine and clinopy-
roxene as a function of temperature and water contents, respectively.
Toretrieve the olivine and clinopyroxene water contents, we used the
basanite-clinopyroxene partitioning data of ref. 65 to calculate the
H,0 content of clinopyroxene (D™t = 0,011) and the equilibrium
olivine-H,0 content was obtained after ref. 66 (D™ = 0,002). All
calculations and equations used to build Fig. 4c,d are available in the
excel file (see ‘Data availability’). The conductivity of the solid assem-
blagesis shownin Fig. 4.
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Extended DataFig.1|Magnetotelluric (MT) station maps with names. Black
diamonds: land and shallow marine MT stations. Stations REM, 002 and 203 are
now permanent MT stations.
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Extended Data Table 1| Types, properties and petrological relationships of Mayotte’s magmas

Melttypes Water Temperature Depth of
content of formation production pre-eruptive

(Wt. %) (°C)

3.5+ 0.5 925-950

Phonolite
>n~6 900-1000
1.5 £0.5 =
1.2-2.3
1095 £20
Evolved
basanite
1.73-1.9
1.8+ 0.25 1075 %+ 20
Parental
basanite LS

Names are identical to those used in the paper.

(Km)

7 £1

15-20

37-48

21 £4
80-100

Depth of

storage
(Km)

7 £1

15-20

17 £6

21 £4

Produced from Methods

Evolved basanite + 65

% (£ 10) Exp. phase equilibria
Xenolith analyzes +
Evolved basanite + 80% Calculated phase
crystals equilibria

- Exp. phase equilibria
Raman analyses on Melt
Inclusions
Olivine-melt + CPX
antecryst core
Xenolith equilibration
Crystallization model from
Comoros Primitive Melts

Parental basanite + 50%
crystals

FTIR analyses of glasses

- Exp. phase equilibria
Back-crystallization

Lherzolite melting models
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(2021a)



Extended Data Table 2 | Laboratory constraints on the phase equilibria in Mayotte’s evolved basanite

Charge number P (MPa) H,O0 wt% Olivine Magnetite Plagioclase CPX Amp Glass
T=1075 + 5°C

Dro8-C1 400 ¢ B4 X X
Dro8-Cc2 400 [ 2.3 X X X
Dro8-C3 400 "7 0.9 X X X
Dro8-C4 400 7 0.2 X X X
DR08-23 650  2.53 X X
DR0O8-21 650 7 1.79 % X X
DR08-22 650 | 1.57 % X X
DR0O8-20 650  0.81 B X X X
T=1050+ 5°C

DR08-19 650 = 2.33 X X X
DR0O8-18 650  1.88 X X X
DR0O8-17 650  0.93 X X X X
DR0O8-16 650 b.d. X X X
T=1100+ 5°C

DR0O8-27 650 = 2.97 X X
DR0O8-26 650 7 2.09 X X
DR0O8-25 650  0.98 X X

Experimental run conditions and phase assemblages of the crystallization experiments at 1050-1100°C, 400 and 650 MPa for oxygen fugacity conditions in the range FMQ-FMQ+1, are given.
The bulk composition used (DR0O8) is provided in the file described in the Data statement availability statement.
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Extended Data Table 3 | Summary of the laboratory conductivity measurements of Mayotte’s melts

Sample P bar SE

Range Range
DR8-0 7375-9375 1140-1432
DR8- 6877-8875 1107-1309
DRO08-' 8592-14764 1206-1380
DR6-0 7250-15625 1075-1246
DR6-  7625-15625 958-1187

DR6-6 7250-15625 941-1160

H,O wt% Element.

Analyzer
Range (>3
Before data)

0 n.d.
1873 1.67-1.9
1873 1.67-1.9

0 n.d.
1.69 1.43-1.67
6.57 6.49-6.65

H,O wt% FTIR

After

0.37

2.18

n.d.

0.41

1.33

6.35

Range
(6 data) In s°

0.31-0.40 11.56 (0.2)
1.98-2.53 10.64 (0.08)

10.34 (0.03)
0.45-0.51 7.61 (0.26)
1.17-1.49 7.59 (0.11)

6.19-7.18 7.53 (0.16)

Ea
135292
(2670)
114845
(3118)
105459
(2806)
68848
(3238)
64555
(1284)
58620
(1763)

Electrical conductivity

dv

-0.61
(0.03)
-1.25
(0.04)
-1.12
(0.018)
-0.66
(0.02)

Experimental conditions, water contents (before and after conductivity measurements) and results of the conductivity measurements on samples DRO6 and DRO8 are provided. Conductivity
unit is S/m, activation energy (Ea) is in J/mol and activation volume (dV) is in J/mol/bar.
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