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 A B S T R A C T

The internal structure of volcanoes controls their volcano-tectonic evolution, especially during flank failure 
events. At Piton de la Fournaise volcano (La Réunion), offshore debris avalanche deposits, recent eastern 
flank slip events, and a seaward spoon-shaped preferential intrusion zone, demonstrate the recurrence of 
destabilization processes at different timescales. The stability of the eastern flank is therefore one of the major 
concerns at that volcano. To constrain the flank structures and destabilization mechanics, we compare the 
pattern of morphologic lineaments with recently published InSAR deformation measurement and modelling, 
magnetic anomalies, and seismicity data. We identify several structural discontinuities distributed in two 
families striking N50–80◦ and N120–160◦. Their spatial location being limited to the eastern flank, we suspect 
the discontinuity as being the result of local intra-caldera processes or inheritance from caldera formation. 
Among these discontinuities, a major N65◦ discontinuity runs through the middle of the eastern flank, 
separating a north-western block from a south-eastern block. The north-western block shows low seismic 
velocities and is affected by sheared sill intrusions, while the south-eastern block shows higher seismic 
velocities and is affected by fault slip and creep. Both blocks probably lie between 0.5–2 km depth, at the 
base of a previously identified spoon-shaped intrusion zone around sea level. Both observed slip behaviours 
(sheared sill and faults) could be due (1) to an underlying intrusive complex creating a mechanical contrast 
and forming the N65◦ fault, or (2) to an edifice decoupling due to the N65◦ fault. Whatever the origin of the 
identified discontinuities, their presence and their interactions with the volcanic activity could lead to complex 
dismantling dynamics that should be accounted for in flank failure hazard assessment.
. Introduction

Polygenic volcanoes result from a succession of constructive and 
estructive phases occurring over hundreds of thousands of years. 
his alternation induces a complex internal structure associated with 
 surface morphology that may reflect underlying discontinuities. The 
nternal structure of volcanic edifices is one of the major factors con-
rolling eruptive activity, morphological evolution, and associated haz-
rds (Solaro et al., 2010; Boudoire et al., 2017; Walter et al., 2019). 
tructural discontinuities can contribute to the channelling and ori-
ntation of magmatic intrusions (Delaney et al., 1986; Valentine and 
rogh, 2006; Martínez-Poza et al., 2014; Ruch et al., 2016; Drymoni 
t al., 2021), in association with the stress field (Nakamura, 1977; 
ubin and Pollard, 1988; Rivalta et al., 2015). They could also control 
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hydrothermal fluid migration or gas migration (Barde-Cabusson et al., 
2012; Boudoire et al., 2017). During partial destabilizations, disconti-
nuities can be activated as earthquakes, slow slip events, or stable slip. 
These relative displacements often occur at major interfaces below the 
edifice (interface with the oceanic crust as in Hawaii; Denlinger and 
Morgan, 2014; or with a sedimentary substratum as at Mount Etna; 
Tibaldi and Groppelli, 2002; Palano, 2016), or within the edifice along 
pre-existing discontinuities such as fractures, faults, or ductile horizons 
(i.e., hydrothermally altered rocks, hyaloclastite or pyroclastite layers; 
Siebert, 1984), or along sill injections path such as at the Piton des 
Neiges volcano (Famin et al., 2016; Chaput et al., 2017).

At Piton de la Fournaise volcano (La Réunion), one of the major 
hazards is the occurrence of flank collapse. Evidence of recurrent large 
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collapses in the history of the volcano is indicated by (1) bathymetric 
studies showing the presence of debris avalanche and slump deposits 
with volumes up to 100 km3 (Oehler et al., 2004, 2008); and (2) 
presence of large seaward horseshoe-shaped collapse scars in the mor-
phology of the edifice, interpreted as remnant of lateral collapse by 
some authors (Duffield et al., 1982; Labazuy, 1996; Oehler et al., 2008). 
Instability of the eastern flank was proposed since the 1980s, mainly 
on the basis of geomorphological interpretations (Bachèlery, 1981; 
Duffield et al., 1982; Michon et al., 2016). More recently, Interfero-
metric synthetic Aperture Radar (InSAR) data has allowed detection 
of large eastward (i.e. seaward) displacement in the eastern flank 
related to five co-intrusive slip events (Dumont et al., 2022, 2024). 
The displacement in each event can reach a meter (Froger et al., 2015; 
Dumont et al., 2022). Moreover, these slip events have been interpreted 
to occur along a seaward spoon-shape intrusion zone (Dumont et al., 
2022), where dike intrusions at the head of the structure favours 
the occurrence of slip (Dumont et al., 2024). This structure has been 
interpreted as a potential destabilization surface where accumulation of 
meter-scale intrusion and coeval slip can lead to catastrophic flank col-
lapse. Such a collapse could induce tsunami, which could significantly 
affect La Réunion and the neighbouring Mauritius Island (Kelfoun et al., 
2010). However, although the main instability zone is located on the 
eastern flank, the internal structure of the flank and the presence 
of potential discontinuities as suggested by its morphology, remains 
poorly understood.

The purpose of this study is to better characterize the structure of 
the eastern flank, its relation with the spoon-shaped intrusion zone, and 
thus to better identify the mechanisms and features that control the 
stability of the flank and its potential for collapse. We conduct a struc-
tural study relying on currently published morphological lineaments 
and geophysical observations of the volcano’s eastern flank, including 
analysis of eruptive fissure locations, InSAR displacement measure-
ments and modelling, magnetic anomalies, and seismicity. Joint anal-
ysis of the data reveals contrasting mechanical behaviours between a 
north-western block dominated by intrusive processes and an unstable 
south-eastern block affected by long-term steady slip and sudden slip.

2. Geological context

2.1. Piton de la Fournaise volcano

Piton de la Fournaise volcano forms the south-eastern side of La 
Réunion Island (Indian Ocean). La Réunion Island results from the 
activity of the hotspot responsible for the Deccan Traps (Duncan et al., 
1989). The north-west flank of Piton de la Fournaise volcano is but-
tressed by the older volcanic edifice of Piton des Neiges (Fig.  1a). 
To the east, the volcano is assumed to be underlain by an intrusive 
mafic complex, considered as the remnant of an older edifice called 
Proto-Fournaise or Les Alizés volcano (Lénat et al., 2012a), which was 
inferred on the basis of geological data provided by a borehole (Rançon 
et al., 1989) and by gravity studies (Rousset et al., 1989; Malengreau 
et al., 1999; Gailler et al., 2009).

The history of Piton de la Fournaise has been punctuated by at least 
five large destructive collapse events whose scars delimit horseshoe-
shaped depressions open towards the east (Bachèlery and Mairine, 
1990; Oehler et al., 2008; Merle et al., 2010). The most recent collapse 
created the Enclos Fouqué - Grandes Pentes - Grand Brûlé complex 
(<4500 yr BP, Bachèlery, 1981; Mohamed-Abchir, 1996; Ort et al., 
2016; see Fig.  1a) with dimensions of 8 km (N-S) by 13 km (W-
E), delimited by steep walls of 100 to 200 m high. However, the 
mechanism behind these collapse events is still debated. As proposed 
for the youngest event, they could be related to either vertical collapse 
(related to some magma reservoir emptying) or a lateral flank collapse, 
or a combination of both (Michon et al., 2016).

Located inside the Enclos Fouqué caldera, the current volcanic 
center has formed a 400 m high central cone with a 1 km wide 
2 
and 300 m deep summit crater (the Dolomieu crater; Fig.  1a). To 
the west, the volcano shows gently sloping terrains, while the eastern 
flank is characterized by steep slopes, locally reaching 35◦ towards the 
ocean. This area, called the Grandes Pentes, is interpreted as resulting 
from either the juxtaposition of several seaward slip fronts (Bachèlery, 
1981), from tilted blocks sliding on the roof of the intrusive complex of 
Les Alizés (Merle and Lénat, 2003), or from the hydrothermal system 
subsidence and lateral spreading under the effect of the weight of the 
edifice (Michon and Saint-Ange, 2008). In the northern side of the 
Grandes Pentes, the Plaine des Osmondes and the Piton de Crac are 
other prominent structures (Fig.  1). The Plaine des Osmondes is a de-
pression possibly originating from a recent collapse and/or associated 
with headward erosion from a paleo-river (Bachèlery, 1981; Courteaud, 
1996; Michon and Saint-Ange, 2008). The Piton de Crac separates the 
Plaine des Osmondes to the north from the Grandes Pentes to the south. 
It is a peak of lava older than the Enclos Fouqué formation (13 ± 6 kyr 
at its base, Gillot et al., 1994), which could be either an autochthonous 
remnant of the ancient Piton de la Fournaise edifice (Bachèlery, 1981; 
Michon and Saint-Ange, 2008) or an allochthonous block transported 
by a lateral collapse (Labazuy, 1996; Oehler et al., 2004).

After six years of rest, volcanic activity resumed at Piton de la 
Fournaise in 1998 (Peltier et al., 2009; Roult et al., 2012). Between 
1998 and 2023, 63 intrusions have emplaced in the shallow edifice, 
inducing seismic crises and significant surface displacements, 59 of 
which resulted in an eruption. Eruptions generally take place along 
eruptive fissures that open along one of the rift zones radiating around 
the central cone (Villeneuve and Bachelery, 2006). The main rift zone 
(Fig.  1a) of the edifice has a general arcuate NE-SE orientation passing 
through the Dolomieu crater (Bachèlery, 1981; Michon et al., 2007, 
2009, 2015; Peltier et al., 2015b). This rift zone extends outside the 
walls of the Enclos Fouqué caldera, but in a much more diffuse and less 
active way (Bachèlery, 1981; Stieltjes and Moutou, 1989; Lénat et al., 
2012a). In addition to this main rift zone, secondary rift zones with 
N60◦ and N120◦ orientations start at the south-eastern boundary of the 
Dolomieu crater (Michon et al., 2015). Some secondary intrusive axes 
trending N210◦ and N300◦ were also evidenced to the SW and NW of 
the summit cone from eruptive fissure and cone density (Bonali et al., 
2011; Michon et al., 2015) and InSAR displacement inversions (Dumont 
et al., 2022), but are less well constrained due to their lower activity.

In March–May 2007, the largest eruption of the last hundred years 
took place on the lower eastern flank of the volcano. InSAR showed 
that the eruption was associated with an eastward slip of the eastern 
flank of the volcano of up to 1.4 m (Froger et al., 2015). Post-eruptive 
displacements successive to this event was characterized by an east-
ward subsidence following an exponential decrease during about 1–3 
years (Froger et al., 2015; Chen et al., 2017). Starting from 2011, the 
eastern flank slip have reached a steady state at a continuous slip rate 
of 1.5 cm/yr (Peltier et al., 2015a; Chen et al., 2017; Poland et al., 
2017), which accelerates with magmatic activity. We will refer to as 
the steady state long-term slip.

2.2. Previously identified structures in the eastern flank

2.2.1. Morpho-structural analysis
The main lineaments of the eastern flank were determined by Mi-

chon and Saint-Ange (2008) from morphological analysis of the to-
pography, based on local changes in slope steepness and orientation. 
Proposed lineaments are reported in Figs.  1 and 2 on slopes and 
aspect maps. The two main lineaments, oriented N65◦ and located 
south of the summit cone (lineaments 1 and 2 in Figs.  1 and 2), are 
associated to a local change in slope resulting in a ≈100 m vertical 
offset between the north-west and the south-east (Fig.  2e). Michon and 
Saint-Ange (2008) interpreted these structures as surface deformation 
due to normal faults. They are connected to a V-shaped topographic 
feature formed by two smaller lineaments materialized by two areas of 
steep slopes 2 km south of the Piton de Crac (lineaments 3 and 4). Two 
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Fig. 1. a. Piton de la Fournaise shaded topography and locations discussed in the text. The inset in the top left corner shows the location of the volcanic edifices 
on Réunion Island. b. Cross-section interpretative view of the internal structure. Modified from Lénat et al. (2012a) and Dumont et al. (2022). Expected base of 
the edifice (around sea level) comes from Gailler and Lénat (2012).
similar lineaments, south of the previous ones, form a slightly more 
open and less marked V-shape in the topography (lineaments 5 and 6). 
These morphological lineaments are interpreted as evidence of normal 
faults that could (1) accommodate the subsidence of the intrusive 
complex of Les Alizés (Michon and Saint-Ange, 2008) or (2) represent 
the headwall of landslide units of the Grand Brûlé slip zone (Bachèlery, 
1981; Merle and Lénat, 2003).

2.2.2. Internal structural features deduced from geophysical data
The internal structure of Piton de la Fournaise has been the sub-

ject of several studies especially through geophysical investigations 
using seismic, electrical resistivity, electromagnetic, gravimetric and 
displacement data (Lénat et al., 2012a). However, most of them were 
mainly focused on the area beneath the central cone (Gailler et al., 
2009) or the western plains (Plaine des Sables; Gailler et al., 2018), due 
to the difficult access on the Grandes Pentes and the Grand Brûlé. These 
studies provided information on the plumbing system, interpreted as a 
sub-vertical conduit located 500–1000 m west of the summit between 
−5 km and sea level (Battaglia et al., 2005; Prôno et al., 2009; Lengliné 
et al., 2016; Beauducel et al., 2020) and by a shallow storage zone pos-
tulated to be around sea level (Battaglia et al., 2005; Peltier et al., 2016; 
Beauducel et al., 2020). At shallower level, other studies have helped 
3 
to constrain the structure of the summit cone and the hydrothermal 
system below the Dolomieu crater (Lénat et al., 2000; Barde-Cabusson 
et al., 2012; Lénat et al., 2012b; Dumont et al., 2019).

In the eastern flank of Piton de la Fournaise, information on the 
deep structure is much scarcer than in the summit area and is derived 
from seismic data, magnetic surveys and deformation studies. Small 
volcano-tectonic earthquakes are reported beneath the eastern flank 
(average duration magnitude of 𝑀𝑑 = 0.8 ± 0.5), especially during 
eruptions (Lénat et al., 1989, 2012a; Duputel et al., 2021). Their loca-
tion defines a surface dipping ≈45◦ to the east (Fig.  1b), with a slight 
curvature in the north-south direction. This location contrasts with the 
common pre-eruptive seismic crisis typically forming a cluster beneath 
the summit crater (Duputel et al., 2021). The origin of the eastern 
flank seismicity is still poorly understood, and no focal mechanisms 
have been determined, but it is suspected to be triggered by magma 
chamber inflation (Gerbault et al., 2022) or dyke intrusions (Dumont 
et al., 2024). In addition to earthquake locations, the S-wave velocity 
anomalies inverted by Mordret et al. (2015) show that, in the first 
100 m depth below the surface, the summit cone and the north-west 
flank are characterized by low seismic velocities, while the south-
east flank shows higher velocities. Mordret et al. (2015) noticed that 
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these two regions are delimited by a rapid change in velocity, follow-
ing a ≈N60◦ orientation, in a zone corresponding to the N65◦ fault 
identified by Michon and Saint-Ange (2008) (lineament 1 in Fig.  1). 
However, this velocity change does not extend to greater depth. In 
addition, Martelet et al. (2014) conducted an airborne time domain 
electromagnetic survey from which (Dumont et al., 2019) computed an 
electrical resistivity model of the volcano down to 1 km depth. From 
400 m to 1 km depth, they showed that vertical sharp contrasts in 
resistivity are present beneath lineaments 3 and 8 (Fig.  2), which may 
be indicative of discontinuities. For lineaments 1 and 2, the presence 
of rift zones nearby complicates the interpretation of the resistivity 
model. However, a vertical conductive discontinuity is imaged beneath 
lineament 2 from the surface to a depth of 1 km.

Finally, the recent 3D inverse modelling of the InSAR displacement 
of 57 intrusions that occurred between 1998 and 2020 shed a new 
light on intrusive activity in the eastern flank and on its stability (Du-
mont et al., 2022). Most intrusions were found to be emplaced in a 
preferential spoon-shaped zone such that vertical dikes intrude in the 
NE-SE rift zone and that horizontal sills intrude beneath the eastern 
flank between 0 and 1 km above sea level (Fig.  1). This structure is 
undergoing pure opening at the head of the structure, slip coeval with 
opening further east, and slip only in its easternmost and lowermost 
part. Since 1998, five slip events have been observed in the eastern 
flank (Dumont et al., 2022, 2024). The occurrence of slip indicates that 
the sills are not perpendicular to the least principal stress, probably 
because they are guided by a pre-existing discontinuity similarly to field 
observations on the nearby extinct volcano, Piton des Neiges (Famin 
and Michon, 2010; Berthod et al., 2016). Considering uncertainties, Du-
mont et al. (2022) proposed that this discontinuity could correspond 
to the expected base of the Piton de la Fournaise edifice (around sea 
level), as determined by Gailler and Lénat (2012) from aeromagnetic 
and gravimetric surveys.

3. Data

Structural elements identified previously, principally through
morpho-structural analysis, only give information of the surface struc-
tures and do not necessarily reflect deeper structures of the eastern 
flank (Torgersen et al., 2024). To improve our knowledge of the inter-
nal structure of the eastern part of the volcano, we have analysed a set 
of recently published geophysical data including InSAR displacement 
data and derived models, magnetic data and seismicity, together with 
previous morpho-structural data and eruptive fissure locations. While 
these data were previously interpreted independently and with no 
particular focus to the eastern flank, we here re-examine them jointly to 
propose an integrated conceptual model of the eastern flank. We relate 
surface characteristics, from morpho-structural lineaments, to a deeper 
geological significance by assuming that geophysical signal showing 
strong gradients that extend on a sufficient distance along a given 
direction could be considered as indicative of structural discontinuities 
extending to greater depth (i.e. between the surface to depths ≥1 km).

3.1. Morphological lineaments

Based on a careful re-examination of a recent 5 m LiDAR digital 
elevation model produced in 2008 by the French National Geographic 
Institute, we have confirmed the lineaments already described by Mi-
chon and Saint-Ange (2008), and have integrated other remarkable 
features (Fig.  2). Starting from the north of the Enclos Fouqué, two 
lineaments, oriented N160◦ and N70◦, correspond to the east-north-
east and south-south-east escarpments of the Plaine des Osmondes 
(lineaments 7 and 8; Fig.  2). They are marked by steep slopes of up 
to 30–40◦. Their orientation and slope values are similar to those of 
the lineaments identified by Michon and Saint-Ange (2008) in the 
Grandes Pentes area. Similarly, at the eastern end of the Plaine des 
Osmondes, another area with slopes greater than 20◦ is oriented in the 
4 
N160◦ direction (lineament 9; Fig.  2). In the south-east continuation of 
this lineament, the slopes decrease to 15◦–20◦ but still have a N160◦
orientation. This N160◦ lineaments is almost parallel to the lineament 
7, further uphill. Along the eastern edge of the Piton de Crac and 
further south-east, a strong slope discontinuity shows a very clear linear 
extension oriented N130◦ (lineament 10; Fig.  2). Furthermore, this 
lineament is associated with a change in the orientation of the lines 
of greatest slope, from N60–80◦ to the south-west of the lineament to 
N100–120◦ to the north-east. The change in slope orientation extends 
north-west of the Piton de Crac, potentially indicating a continuation 
of the lineament further north-west (Fig.  2b). Finally, a last lineament 
trending N120◦ can be identified at the south-western limit of the 
summit cone (lineament 11; Fig.  2). It is characterized by both a rapid 
change in slope (from slopes higher than 20◦ to less than 10◦) and a 
change in slope orientation (from ≈N180◦ to N120–160◦). Since the 
characteristics of the new lineaments described above are consistent to 
those of Michon and Saint-Ange (2008) in terms of orientations and 
slope values, we considered them of interest and added them to the set 
of lineaments to be compared with the geophysical data. It leads to a 
total of 11 lineaments to be analysed.

3.2. Deformation data and modelling

Through their modelling, displacements data provide information 
on the nature (massive reservoir or dislocation), the location and the 
mechanism (opening or shear) of the displacement source(s). They are 
also sensitive to differential movements allowing the detection of active 
buried faults or discontinuities and the mapping of structural block (So-
laro et al., 2010; Bonforte et al., 2011; Froger et al., 2015; Tridon 
et al., 2016; Camacho et al., 2020). Moreover, displacements allow the 
localization of intrusions, which can indicate weakness zones in the 
edifices, especially in the case of preferentially oriented intrusions such 
as at Piton de la Fournaise.

Since 2003, the Indian Ocean InSAR Observatory (𝑂𝐼2), a compo-
nent of the French National Observation Service ISDeform (INSU/CNRS)
carries out a continuous InSAR monitoring of the displacement of Piton 
de la Fournaise volcano (Richter and Froger, 2020). Thanks to this 
service, all magma injections in the shallow edifice have been imaged 
by at least one interferogram since 2003. Moreover, the 23 year long 
temporal coverage of the radar image acquisitions allowed both the 
exhaustive characterization of the 57 magma intrusions through inverse 
modelling of co-eruptive displacements (Fukushima et al., 2005, 2010; 
Tridon et al., 2016; Smittarello et al., 2019; Q. Dumont et al., 2021; 
Dumont et al., 2022) and the long-term monitoring of the eastern 
flank deformation through time series computations (Chen et al., 2017). 
In order to obtain relevant information on the internal structure of 
the eastern flank, we focus (1) on co-eruptive displacements related 
to slip events in the eastern flank as well as their inverse modelling 
performed by Dumont et al. (2022, 2024), and (2) on structural analysis 
of long-term slip computed by Chen et al. (2017).

3.3. Magnetic data

Since magnetization is sensitive, among other parameters, to al-
teration associated with fluids and fracturing, magnetic measurements 
are powerful in imaging mechanical heterogeneities (Gailler and Lénat, 
2012; Gailler and Kauahikaua, 2017; Bouligand et al., 2019). Magnetic 
mapping has been shown to be particularly useful for the detection and 
delineation of volcanic structures (M. Dumont et al., 2021).

Here, we use the map of magnetic anomalies reduced to the pole 
(RTP map) made by Martelet et al. (2014) and Dumont et al. (2019) 
from the ReunEM airborne electromagnetic survey campaign carried 
out in 2014 by the French Geological Survey (BRGM). The raw mag-
netic data were processed to remove (1) the regional gradient of the 
earth’s magnetic field using the International Geomagnetic Reference 
Field model (IGRF), and (2) the signal bias from flight orientation 



Q. Dumont et al. Journal of Volcanology and Geothermal Research 473 (2026) 108579 
Fig. 2. Morphological features of Piton de la Fournaise. (a.) and (b.) give slope and slope orientation maps together with identified lineaments (numbered as 
discussed in the text). (c.) and (d.) provide the same maps as (a.) and (b.) but smoothed using a 50 m moving window averaging. (e.) Cross-section intersecting 
lineament 1 illustrating slope change and vertical offset (Michon and Saint-Ange, 2008). Red curves give slopes (dashed) and 50 m moving window averaged 
slopes (plain). Elevation data come from a 5 m LiDAR digital elevation model produced in 2008 by the French National Geographic Institute.
and diurnal variations thanks to ground magnetic monitoring at a 
permanent station in a low magnetic disturbance area during the 
survey (Martelet et al., 2014). After this first processing, the reduction 
to the pole recalculates the anomalies with a vertical magnetic field 
to delete magnetic anomaly bipolarity and vertically align anomalies 
above their sources on the final RTP magnetic anomaly map (Baranov, 
1957).

In addition, we used local phase filters of the RTP map to en-
hance the horizontal and vertical locations of the magnetic anomaly 
sources. To better identify local magnetized structures, we relied on 
the vertical derivative of the RTP map (Elkins, 1951). The vertical 
derivation enhances the shorter wavelengths of the spatial variations of 
the magnetic signal as well as the noise. Thus, the vertical derivative 
focuses on the surface formations highlighting shallow sources and 
local demagnetization potentially indicative of faults (Fitterman, 1979; 
Adler et al., 1999).

3.4. Seismicity

We also use seismicity data as they provide information on stress 
perturbation, fluid migration or pre-existing fracture plane locations 
and orientations. We rely on earthquake hypocenter located by the 
Observatoire Volcanologique du Piton de la Fournaise (OVPF/IPGP). 
We focused on the seismicity of the eastern flank, which can be easily 
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isolated from the seismicity located beneath the summit crater (Duputel 
et al., 2021). Events locations shown in this study span between May 
2012 and December 2021. They are restricted to only the area within 
the Enclos Fouqué (Duputel et al., 2021), where the lineaments are 
observed.

3.5. Eruptive fissure locations

The location and orientation of eruptive fissures can provide in-
sights into the orientation of principal stress axes or the presence of 
weakness zones within the volcanic edifice. To investigate any relations 
between eruptive activity and potential identified structures, we use 
eruptive fissure locations since 1931 provided by OVPF, and compute 
an eruptive fissure density map using a circular kernel of 500 m of 
diameter (Fig.  3i).

4. Data analysis

In the following, we describe the major features observed in each 
of the data set considered.
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4.1. Co-eruptive slip

Since 1998, five slip events have been detected through inverse 
modelling of InSAR data (Dumont et al., 2022). All of them took place 
beneath the eastern flank of the volcano, in the Grandes Pentes area or 
in the Plaine des Osmondes area. They all show eastward surface dis-
placements going up to 0.5–1.4 m. All are associated with 0.25–0.6 m of 
uplift or show both uplift and subsidence (displacements for each event 
are given in Supplementary Material). Two distinct destabilization 
mechanisms were determined by inverse modelling: (1) slip induced 
by sheared sills (i.e. sub-horizontal magmatic sheet intrusion affected 
by co-intrusive shear deformation) and (2) slip on a sub-horizontal 
fault in the continuity of the NE-SE spoon-shaped intrusive structure 
beneath the eastern flank. The January 2004, September 2020, and 
October 2021 intrusions were characterized by a shear stress drop 
of the same order of magnitude as their overpressure (Fig.  3a,b, and 
Supplementary Material). For these events, the modelled intrusions 
indicate fracture opening and slip of 1.5–1.8 m (Dumont et al., 2022). 
Such characteristics are typical of sheared sills (Chaput et al., 2014). 
In contrast, the modelling of March–April 2007 and October 2019 
events indicates almost exclusively shear stress drop (Fig.  3a,b and 
Supplementary Material). For the March–April 2007, the overpressure 
is negligible (Cayol et al., 2017). The slip and opening on the modelled 
plane reaches 2 m and 0.4 m, respectively. The October 2019 event 
consists of two parts: a sill part under the summit is subjected solely to 
overpressure; whereas, a fault part, to the east, is affected by a shear 
stress drop 16 times higher than the overpressure leading to a slip of 
about 1 m towards the east for 0.1–0.2 m of opening. Slip events in 
March–April 2007 and October 2019 thus both show a fault behaviour.

Despite the coexistence of both slip mechanisms, we observe that 
they affect different regions of the edifice. The sheared intrusions 
(January 2004, September 2020, and October 2021) affect the northern 
part of the Grandes Pentes and the Plaine des Osmondes while the faults 
are located in the central and southern sectors of the Grandes Pentes.

The cumulated eastward displacement map (Fig.  3c) of the five 
slip events shows eastward displacements characterized by a uniform 
displacement field on the entire eastern flank of the volcano, with a 
maximum of displacement located in the central part of the Grandes 
Pentes, 500 m to the west of the V-shaped structure. On the other 
hand, the vertical displacement map (Fig.  3d) shows a more complex 
displacement field. A region of large inflation is localized only in the 
northern half of the edifice, starting from the Dolomieu crater and 
extending north-eastward to the Plaine des Osmondes and the Piton 
de Crac. South of the large inflation area, a region affected by very 
low inflation, or even subsidence, is extending up to the southern 
walls of the caldera. The transition between these two regions occurs 
along a roughly N60◦ trending axis which corresponds to the transition 
between both slip mechanisms.

4.2. Steady state long-term slip

Following the exponential decrease of the March–April 2007 post-
eruptive displacements, slip continued in a steady state at a rate of 
1.5 cm/yr (Peltier et al., 2015b; Chen et al., 2017). In the east–west and 
vertical displacements maps derived from InSAR by Chen et al. (2017) 
(Fig.  3e,f), we observe a widespread sector (≈ 20 km2) affected by 
downward and eastward motion in the Grandes Pentes. These displace-
ments are stronger in the southern half of the Grandes Pentes, where 
a fault slip mechanism is highlighted by co-eruptive displacements 
modelling (Fig.  3a,b). To the south, displacements suddenly stop along 
a N120◦ trend. In contrast to the Grandes Pentes, the summit area 
and the Plaine des Osmondes area show mainly subsidence interpreted 
by Chen et al. (2017) and Hrysiewicz (2019) as due to summit deflation 
and thermo-mechanical contraction of lava flows.
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4.3. Magnetic anomaly

The main feature of the RTP magnetic anomaly map is a high 
magnetic anomaly (> 2000 nT) corresponding to the summit area 
and extending eastward, splitting into two branches to the north-west 
and south-west of the V-shaped structure (Fig.  3g). The boundary 
between the northern and southern branches of high magnetic anomaly 
is marked by a strong decrease of the magnetization especially to the 
east, where magnetization values decrease from 3000 nT (to the west) 
to −1000 nT (to the east). The eastern continuation of the summit 
positive anomaly ends by a sudden drop of the magnetization at the 
base of the Grandes Pentes leading to negative anomalies in the coastal 
part of the Grand Brûlé. In the southern part, the limit of the strong 
positive magnetic anomaly is elongated along a N110–120◦ trend. The 
steep slopes towards the Plaines des Osmondes are characterized by 
strong gradients in the magnetic anomaly map along the escarpments 
(Fig.  3h). In the vicinity of the caldera walls, strong negative anomalies 
are observed, contrasting with the central part of the Enclos Fouqué, 
showing high magnetization.

4.4. East Flank seismicity

As described previously, the seismicity occurring in the eastern flank 
aligns along a 45◦ eastward dipping plane, where the locally higher 
seismic activity forms clusters (Fig.  1b). On a map view (Figs.  1a 
and 3i), seismicity shows a significant concentration of earthquakes 
forming clusters in the middle of the Grandes Pentes. Especially, close 
to the V-shaped structure, we observe a large seismic cluster. Another 
cluster, elongated in the SW-NE direction, is found along the south-
east escarpment of the Plaine des Osmondes. To the north and west 
of the Plaine des Osmondes, the seismicity becomes much scarcer. 
Comprised between the Plaine des Osmondes and the lineament 1, 
another particularly important cluster is present under the Grandes 
Pentes. Few seismic events are observed to the south, close to the 
southern wall of the caldera. However, no significant seismicity is 
detected east of the Grandes Pentes.

4.5. Eruptive fissure density

At the summit scale, the fissure density map shows a very high 
density of eruptive fissures (>4 × 10−3/m2; Fig.  3i) in the summit 
part especially at the southern edge of the crater and on the east and 
south flank of the summit cone. It results from the local superposition 
of the summit portion of the SE, N120◦, N60◦, and N210◦ rift zones, 
together with some concentric fissures following the crater rim. The 
north-eastward continuation of this high-density area beyond the crater 
exhibits a sharp N60–70◦-trending boundary, primarily controlled by 
the narrow N60◦ rift zone located to the north-east of the Dolomieu 
crater.

At a larger scale, the high fissure density (>1 × 10−3/m2, white 
contour on Fig.  3i) extends to the north along a narrow path clearly 
highlighting the NE rift zone up to the northern escarpment of the 
Plaine des Osmondes. However, we observe a contrasted behaviour 
for intrusion propagating to the south as the high fissure density area 
suddenly decreases south of the summit cone. Only a few fissures are 
found more to the south, and these few fissures align along a N120◦
trend.

5. Discussion

5.1. Compilation of the geophysical signals associated with the lineaments

The location of the morphological lineaments coincides with re-
markable features in the deformation, the magnetic field, the seismic-
ity, and the eruptive fissure locations. This coincidence suggests that 
the lineaments are representatives of geological structures extending 
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Fig. 3. Comparison between geophysical data and location of the morphological lineaments. a. Slip event models from Tridon et al. (2016), Cayol et al. (2017), 
Dumont et al. (2022, 2024) and relative pressure and shear stress associated with each models. Note that October 2019 model is composed of two sources with 
different characteristics. c. and d. Eastward (EW) and upward (UD) cumulated displacements related to the five slip events. e. and f. EW and UD long-term 
eastern flank displacement components between March 2009 and October 2014 (Chen et al., 2017). Note that lineaments from Tridon et al. (2016), in magenta, 
were previously identified on the March–April 2007 post-eruptive displacements not shown here. g. and h. Magnetic anomaly map reduced to the pole (RTP) and 
the related first vertical derivative. i. Seismicity of the eastern flank recorded between May 2012 and December 2021, together with the eruptive fissure density 
(white lines indicate density contour of 1 × 10−3/m2). j. S-wave seismic velocity anomaly (Mordret et al., 2015) together with the interpretative compilation of 
all lineaments. Their relative importance is represented by the thickness of the segment. It is assessed from the number of occurrence of the lineament for each 
data type as given on the side table h.. For all data types, black lines indicate the morphological lineaments, numbered as discussed in the text and as given in 
Fig.  2.
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at greater depth of at least a few hundred meters. We summarize 
below the relation between each structure and the geophysical data (see 
detailed description for each data type in Supplementary Material). The 
number of occurrence of these structures in the different data sets was 
used to rank the structures by their relative importance (Fig.  3k).

5.1.1. The N65◦ structure
We note that the structure appearing in all datasets is coincident 

with the three N65◦ lineaments in the central part of the Grandes Pentes 
(lineaments 1, 2 and 3, Fig.  3), which are hereafter considered together 
as the N65◦ structure. It corresponds to the fault described by Michon 
and Saint-Ange (2008). In addition to a topographic offset noted by 
these authors, the N65◦ structure also represents a boundary in the 
style of deformation at different time scales. It delineates the boundary 
between two distinct co-intrusive slip mechanisms with sheared sills to 
the north and fault slip to the south as shown: (1) by the InSAR-derived 
models (Fig.  3a–b) and (2) by the cumulated co-eruptive displacements 
where inflation is limited to the north-west of the N65◦ structure, 
whereas no inflation or a slight subsidence is observed to the south-east 
(Fig.  3c–d). During the March–April 2007 post-eruptive displacements, 
the N65◦ structure coincides with a strong gradient axis (Fig.  3e–
f; Tridon et al., 2016). On longer time scale, it marks the northern 
limit of the area affected by steady slip (Fig.  3e–f; Chen et al., 2017 
and Hrysiewicz, 2019), which is characterized by higher amplitude 
displacements. Regarding magnetic anomalies, the N65◦ structure is 
located above a large decrease in magnetization of 1000–3000 nT 
separating the high magnetic anomaly (> 2500 nT; Fig.  3g,h) into two 
branches: one occupying the northern part of the Grandes Pentes and 
the other the southern part. In the resistivity model of Dumont et al. 
(2019), a vertical discontinuity is visible in the western part of the N65◦
structure (lineament 2), while a strong vertical discontinuity delineates 
the north and southern blocks beneath lineament 3 at the eastern part 
of the N65◦ structure. In addition, the N65◦ structure separates an area 
of low S-wave velocity to the north from an area of higher S-wave 
velocity to the south (Fig.  3j; Mordret et al., 2015). The N65◦ structure 
is also associated with a strong decrease of the eruptive fissure density 
south of it, as shown in Fig.  3i, suggesting that it may represent a 
partial barrier to southward magma propagation that would explain the 
limited southward propagation of intrusion in the south flank compared 
the north flank. It is also noteworthy that the rupture area of the 
March–April 2007 co-eruptive slip modelled by Cayol et al. (2017) is 
located along the N65◦ structure, 0.5–1 km to the west of the V-shaped 
structure, indicating that the March–April 2007 slip may have been 
related to the N65◦ structure. Furthermore, the location of the March–
April 2007 slip rupture corresponds to a zone of low seismicity between 
two major clusters to the east and west (Fig.  3j). Therefore, the three 
N65◦ lineaments observed in the morphology seems to correspond to 
the surface expression of a major structural discontinuity that divides 
the volcano into two distinct blocks characterized by different seismic 
velocities, different slip behaviours and different likelihood of eruptive 
activity. The northern sub-parallel branch of the N65◦ discontinuity 
(i.e. lineament 2) seems to be less significant but this may be an effect of 
our limited investigative resolution, which does not allow us to clearly 
distinguish its signature. This prevent us from distinguishing between 
the presence of two distinct discontinuities and a broad discontinuity 
zone encompassing both lineaments.

5.1.2. The N120◦ structure
The second largest structure in terms of recurrence between the 

different datasets is the N120◦ lineament extending from the south-
western edge of the summit cone to the southern base of the Grandes 
Pentes, further east (lineament 11 on Figs.  2 and 3). To the west, 
the N120◦ structure is associated with the sudden end of the summit 
cone, as indicated by a sharp slope change, and by the strong magnetic 
gradient delimiting the southern continuation of the summit positive 
magnetic anomaly (Fig.  3g,h). To the east, the structure delimits the 
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southern part of both: (1) the slip area affecting the flank during the 
March–April 2007 co-eruptive, post-eruptive and steady state slip (Fig. 
3a,f); and (2) the magnetized anomaly of the south-east flank. The 
N120◦ structure also appears to be in a zone of weak seismic activity 
(Fig.  3i). It can also be noted that, despite the decrease in eruptive 
fissure density south of the N65◦ discontinuity (lineaments 1–3), the 
activity going further south-east aligns along the N120◦ lineament (Fig. 
3i), indicating either a channelling of intrusions along this direction or 
their stopping by encountering this structure. These observations sup-
port that the N120◦ structure is an important discontinuity delimiting 
a northern region corresponding to the most active zone of the volcano 
from a less active southern region.

5.1.3. The chevron structures of the Grandes Pentes
In the Grandes Pentes area, four lineaments plus the easternmost 

termination of N65◦ discontinuity (3, 4, 5, 6, and 10) are arranged in a 
chevron pattern following N130–N160◦ and N50–80◦ orientations (Fig. 
3). They are coincident with the eastern limit of the highly magnetized 
anomaly in the eastern flank (Fig.  3g,h), and delimit areas of differ-
ent slip amplitude during co-eruptive slip displacements, during the 
March–April 2007 post-eruptive displacement and the long-term steady 
slip (Fig.  3c–f). We consider them as of secondary importance since 
they are associated with much weaker gradients and lower numbers 
of occurrences (Fig.  3k) in the different data types compared to the 
previous N65◦ and N120◦ discontinuities. They are also much shorter.

5.1.4. Plaine des Osmondes structures
Finally, in the Plaine des Osmondes, three lineaments (7, 8, and 

9) are associated with specific magnetic anomalies (Fig.  3g,h). The 
anomalies are quite large for the Plaine des Osmondes escarpments 
(lineaments 7 and 8) but much weaker for the last one farther east. In 
addition, the Plaine des Osmondes southern escarpment is associated 
with a seismic cluster elongated in the direction of the morphologi-
cal and magnetic anomalies (lineament 8; Fig.  3i). We also note the 
presence of the N60–70◦ sharp decrease of eruptive fissure density 
coinciding in orientation with the southern escarpment (lineament 8), 
but shifted 500–1000 m south and west, lowering the confidence on any 
relation between both. Deformation measurement show no evidence of 
discontinuity in this area due to either a lack of surface deformation, 
the low quality of the measurement in this area (low InSAR coherence; 
Chen et al., 2017), or to the predominance of lava flow subsidence. We 
can however note that the resistivity model of Dumont et al. (2019) 
shows a sharp contrast in resistivity at the location of lineament 8.

5.2. Structure and mechanical behaviour of the eastern flank

This summary of observation highlights a network of discontinuities 
dissecting the eastern flank of Piton de la Fournaise volcano.

As almost all discontinuities can be observed in the co-eruptive and 
long-term displacements, the discontinuities (or at least their shallower 
part) should be located above the source of the displacements, thus, 
above the slip plane (independently of the slip mechanism; i.e. sheared 
sill or fault slip) determined by Dumont et al. (2022). This slip plane 
is suspected to be related to the presence of a sub-horizontal discon-
tinuity guiding intrusion and locating slip around sea level (Dumont 
et al., 2022). In addition, Merle and Borgia (1996) have demonstrated 
that decollement planes such as the one evidence at the Piton de la 
Fournaise are likely to decouple the upper and lower part of volcanic 
edifices. Therefore, we suggest that these discontinuities actively affect 
a depth range starting from the near surface and extending from 
around sea level. Deeper continuation of the discontinuities cannot 
be ruled out but is less likely to have a major effect on the eastern 
flank dynamic. This shallow depth is also supported by the seismic 
velocities. The difference in S-wave velocity (≈5%–10%) between the 
north-west and south-east of the N65◦ discontinuity is only observed 
in the first hundred of meters below the surface (Mordret et al., 2015). 
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Fig. 4. a. 3D view of the link between seismicity clusters and lineaments with respect to depth. Orange, green and blue dashed contours highlight the cluster 
locations related to the N160◦, N70◦ and N65◦-V-shaped structure, respectively. The spoon-shaped intrusion zone is given as a triangular mesh for reference. b. 
gives the final interpretative 3D view of the lineaments location and depth in black (with potential deeper extent as dashed lines), together with the location of 
the unstable south-eastern block affected by long-term steady slip and sudden slip events, represented in red.
Furthermore, the sharp signal associated with the lineaments on the 
first vertical derivative of the magnetic map (Fig.  3h) also indicates 
the shallow nature of the structures causing the anomalies.

Separated by the N65◦ discontinuity, two main structural blocks, a 
north-western and a south-eastern, are observed (Fig.  3j). The north-
western block is characterized by relatively low seismic velocities and 
affected by sheared sill intrusions. As sill intrusions are numerous in 
this area (six between 1998 and 2022; Dumont et al., 2022), the low 
seismic velocities may result from a higher temperature, a higher pro-
portion of fluids and hydrothermalized formations or a higher degree of 
fracturing. However, this block does not show any pluriannual slow dis-
placement (except for superficial subsidence due to thermo-mechanical 
contraction of the lava flows). The south-eastern block is decoupled 
from the rest of the edifice by the N65◦ and N120◦ discontinuities, 
and is affected by long-term steady slip and sudden slip events on a 
decollement fault plane (Tridon et al., 2016; Cayol et al., 2017; Dumont 
et al., 2022). This makes this structural block the most mobile of the 
edifice and therefore the main unstable sector of the volcano (Fig.  4). 
Both blocks should lie on the slip plane, at the base of the spoon-shaped 
intrusive structure.
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5.3. Depth discrepancies between the discontinuities and the seismicity

The identified discontinuities, and thus the block limits, show a 
geographical coincidence with the seismic clusters beneath the eastern 
flank (Fig.  3i,j). Moreover, the seismicity also show a relation with 
the March–April 2007 slip event location, which corresponds to a low 
seismicity zone enclosed between two high seismicity zones to the west 
and east. This may indicate that the 2007 rupture corresponds to a zone 
of stress accumulation, which would be released sporadically during 
slip events. It should be noted, however, that the two high seismicity 
zones release stresses periodically, as ‘‘continuous’’ seismicity suggests, 
and not just during slip events. It is therefore tempting to consider 
that these relationships are not fortuitous and to attempt to link this 
seismicity to fracturing along the discontinuities.

However, despite the geographical coincidence (in map view) be-
tween the discontinuities, the 2007 rupture plane, and the seismicity, 
the depth of the seismic events (between +1 and −3 km above sea 
level) disagrees with the shallow depth of the modelled slip plane of 
the spoon-shaped structure (being between 0 and 500 m above sea 
level; Dumont et al., 2022) as well as the apparent superficiality of 
the discontinuities. If discontinuities extend deeper than the slip plane 
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and reach the depth of the seismic cluster to which they potentially 
correlate (Fig.  4a), it would suggest the presence of nearly vertical 
structures extending over 4 km depth in some locations. Vertical faults 
of this type are unlikely in such a volcanic context and on such a small 
geographic scale. Moreover, such vertical or sub-vertical faults would 
not explain why the distribution of the seismic clusters forms a plane 
inclined 45◦ to the east with a slight curvature in the north-south axis. 
The observed seismic surface is more likely to be encountered on a 
structure sharing these characteristics (eastward dip and north-south 
curvature) than on a network of vertical or sub-vertical faults. Spatial 
clustering is not explained either by the recently proposed triggering 
process of Gerbault et al. (2022), where the seismicity could results 
from the plastic shear-strain induced by the inflation of the magma 
chamber, located at sea level. Nor does this mechanism explain the 
temporal evolution of the seismicity rate, which increases during the 
propagation of intrusions within the rift zones (Gerbault et al., 2022; 
OVPF, 2020). An alternative triggering mechanism for the seismicity 
was proposed by Dumont et al. (2024). They showed that intrusive 
activity increases the Coulomb stress both on the seismogenic plane 
beneath the eastern flank and at the base of the potentially seismogenic 
spoon-shaped structure. Rift zone activity is a more likely source, as 
it induces deformation one or two orders of magnitude greater than 
reservoir inflation and it is consistent with the temporal evolution of the 
seismicity rate. However, this does not explain the clustering either and 
would result in a cup-shaped shear-strain zone, slightly shallower than 
with the reservoir inflation, favouring seismicity slightly closer to sea 
level. It is therefore not easy to reconcile these observations (fracturing 
and seismicity) without pointing to uncertainties, either in the depth of 
the discontinuities or in the depth of the earthquakes.

On the one hand, the location of seismicity at depth could be altered 
by an inappropriate velocity model. The model used by OVPF is a 
1D velocity gradient following the topography (P wave velocity of 
3.3 km/s at free surface and increasing by 0.3 km/s per kilometer; 
Duputel et al., 2021), which was fitted for the summit region (Prôno 
et al., 2009). Velocities could be lower than expected by this model, 
especially in the first kilometer below the surface, as suggested by 
the shear wave velocity model found by Mordret et al. (2015), which 
would results in P-wave velocity lower by ≈1 km/s (velocity models 
comparison can be found in Supplementary Material S11). Moreover, 
the eastern flank may be more fractured than assumed, as shown by 
the numerous discontinuities we have highlighted here. We also know 
that the east flank is partly made up of formations with low seismic 
velocities, as suggested by the presence of hydrothermalized formations 
and hyaloclastites in the Grand Brûlé borehole (Rançon et al., 1989), or 
even fluvial deposits (Courteaud, 1996), as well as gabbroic formations 
whose velocities have recently been shown to be particularly low even 
in dry condition (down to 1.9 km/s; Di Muro et al., 2021). Such lower 
velocities would lead to shallower events locations. On the other hand, 
inverse deformation models were conducted assuming a homogeneous 
crust. However, it is well known that the crust is layered with lower 
velocities at lower elevations. Taking this layering into account in the 
inversions, could lead to deeper locations of the sills, sheared sills and 
faults at the base of the spoon-shaped structure (Montgomery-Brown 
et al., 2009), but it is unlikely these locations reach a few kilometers 
below sea level.

Additional research is required to resolve this inconsistency. De-
formation modelling that accounts for heterogeneity, together with 
hypocenter relocations on the eastern flank and focal mechanism de-
termination, would refine the geometry of the structures and clarify 
their relationships, potentially revealing their alignment (Fig.  4).

5.4. Implications for the origin of the discontinuities

The two families of discontinuities identified above show N50–80◦
and N120–160◦ directions. Structures with such orientations may have 
several origins, from large-scale crustal influences to local intra-edifice 
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influences, such as the stress field or magmatic activity and its evo-
lution over time. In a previous island-scale synthetic study, Michon 
et al. (2007) showed that structures with N70–80◦ directions and few 
with N120◦ directions can be found outside the caldera, and on the 
eastern submarine flank of the island based on morphological evidence, 
local crustal fabrics and inverse magnetic anomaly. It is assumed that 
these structures probably resulted from a regional structural control. 
However, some structures trending N140–160◦, found only locally in 
the southern flank of Piton de la Fournaise, have been interpreted as of 
local origin.

Here, the discontinuities we describe seem to be restricted to the 
eastern flank of Piton de la Fournaise and within the caldera limits, de-
spite the high resurfacing rate by lava flows within the Enclos Fouqué. 
This observation reinforces confidence in their local presence, exclu-
sively. The same is observed for magnetic data where no significant 
anomaly presenting similar characteristics as within the caldera, are 
observed outside the caldera (see Supplementary Material). Similarly, 
seismicity of the eastern flank also seems to be limited to the inner part 
of the caldera (Duputel et al., 2021). The Enclos Fouqué caldera appears 
to be the boundary delimiting the extent of most of the discontinuities 
and seismicity, as well as of 97% of the eruptive activity (Lénat and 
Bachèlery, 1988; Stieltjes and Moutou, 1989). It is therefore likely for 
the discontinuities of the eastern flank to have a local origin either 
inherited from the formation of the Enclos Fouqué, or generated by 
process(es) restricted to the Enclos Fouqué, such as the magmatic 
activity and/or the east–west extension by the slow creep of the eastern 
flank. Such local origin would also agree with the apparent shallowness 
of the discontinuities.

Regarding the N65◦ discontinuity, Michon and Saint-Ange (2008) 
proposed to interpret it as a normal fault accommodating the subsi-
dence of Les Alizés hypovolcanic complex located further east. This 
categorization as a fault is in agreement with the geophysical obser-
vations (delimitation of the long-term flank slip sector, local shallow 
demagnetization). In the Michon and Saint-Ange (2008) hypothesis, 
the fault created by Les Alizés subsidence could decouple a part of 
the edifice and could then explain the difference in slip behaviour we 
observe to the north-west and south-east of the fault. Similarly, the 
fault would also accommodate the east–west extension resulting from 
the steady state slip of the flank. Conversely, the difference in slip 
behaviour between the north-western and south-eastern zones could 
be responsible for the decoupling of the edifice into two main blocks 
and the creation/enhancement of the fault. In this framework, the 
difference in slip behaviour could result from differences in friction 
properties. Such differences could be explained by the spatial distri-
bution of low friction formations related to hyaloclastites or Les Alizés 
intrusive body (unconstrained under the Grandes Pentes). Indeed, Di 
Muro et al. (2021) have shown by experimental tests that the gabbro 
of the intrusive complex could localize the deformation and creep and 
represent a potential slip surface. It is likely that Les Alizés intrusive 
complex has a major influence on the slip and seismic behaviour, 
and potentially on the formation/enhancement of the fault. Further 
work focusing on a better characterization of the spatial location of 
the intrusive complex and on the effect of the spatial distribution of 
friction properties on strain localization would clarify the eastern flank 
dynamic.

5.5. Implications for further investigations and hazards assessments

Regardless of their origin, the N65◦ and N120◦ discontinuities play 
a major role in accommodating south-eastern flank slip, as shown by 
the long-term flank displacements accumulating strain along them. 
Because the N65◦ and N120◦ discontinuities enclose the most unstable 
sector of the volcano flank (Fig.  4b), the interaction between these 
discontinuities, the intrusive activity and the slip plane could result 
in major earthquakes in the long term. Similar interactions have been 
observed at Mount Etna, where earthquakes on a network of border 
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faults and flank slip are triggered by magmatic activity (Acocella et al., 
2003; Puglisi et al., 2008; Azzaro et al., 2013, 2020; Iozzia et al., 2024). 
At Etna, the location of the border fault is however clearer than at Piton 
de la Fournaise and outlined by the geology, seismotectonics, and slip 
rates. At this volcano, five kinematic domains are defined (Azzaro et al., 
2020) and the main structures can be followed offshore of the conti-
nental margin (Urlaub et al., 2022). Only two blocks can be defined at 
Piton de la Fournaise, and no continuation of the structures are found 
outside the caldera nor offshore. At Piton de la Fournaise, only the 
silent fault slip events we have described were highlighted (Dumont 
et al., 2022), corresponding to a moment magnitude of 𝑀𝑊 = 4.4
- 4.6, but no large flank earthquakes has been reported since the 
beginning of the monitoring (1980). We cannot rule out the possibility 
that an earthquake of such magnitude or greater could occur due to the 
continuous stress build up induced by intrusions (Dumont et al., 2024). 
Such an earthquake could trigger a tsunami or a large flank collapse 
(whether the whole flank or the area restricted to the south-east of 
the N65◦ discontinuity). More needs to be known about the geometry 
of the discontinuities and their seismogenic potential, as well as their 
relationship with the basal slip plane.

6. Conclusion

Based on several independent datasets including, seismicity, de-
formation, magnetic anomalies, and eruptive fissure density, we have 
analysed a set of morphological lineaments highlighted in the eastern 
flank of Piton de la Fournaise volcano. The consistency of the locations 
and orientations of the surface lineaments and the strong gradients 
in the geophysical data confirm that the lineaments detected in the 
morphology are the surface expression of structural discontinuities 
affecting the internal part of the volcano. Overall, the different discon-
tinuities evidence a network of intersecting structures in the Grandes 
Pentes following two main orientations: a family striking N50–80◦
and a family striking N120–160◦. They delimit blocks and sub-blocks, 
each having a differential movement with respect to the others. The 
spatial distribution of the discontinuities, which are not present outside 
the caldera, suggests that they results from local processes, such as 
intra-caldera processes or the formation of the Enclos Fouqué caldera 
itself.

Among these discontinuities, a major discontinuity striking N65◦
that runs through the middle of the eastern flank divides the edifice 
into two major blocks: (1) a north-western block with low seismic 
velocity and only co-intrusive slip on sheared sills; (2) a south-eastern 
block with higher seismic velocity and slip on a fault plane, whose 
activity continues over the long term, likely drive by slow creep. 
Both blocks probably lie on the sub-horizontal base of a spoon-shaped 
destabilization structure located around sea level. The reason leading 
to the coexistence of two different slip behaviours (sheared sills and 
fault slip) is unclear. It could be caused by the spatial distribution of 
different friction properties, due to the presence of the intrusive body 
of Les Alizés for example, then creating a decoupling of the edifice 
along the N65◦ discontinuity. Conversely, the pre-existing presence of 
the discontinuity could decouple the edifice resulting in a different slip 
behaviour in the south-east part.

To better characterize the structure and functioning of the eastern 
flank, two major questions that remain unanswered should be further 
investigated. First, it seems necessary to better constrain the depth of 
different structures and lithologies identified beneath the eastern flank. 
Especially, concerning the eastern flank seismicity and its relationship 
with the above spoon-shaped structure and discontinuities. Event re-
locations and focal mechanisms appear necessary to better understand 
the geometry of the seismogenic structure and the mechanism of their 
fracturing. Second, greater attention should be given to the origins of 
the two distinct slip mechanism by clarifying the location and influence 
of Les Alizés complex or by testing the effect of different friction 
properties on strain localization.
11 
Relations between the spoon-shaped destabilization structure, the 
two slip behaviours, the discontinuities and the seismicity is a major pa-
rameter to consider in estimating the stability of the eastern flank and 
the associated hazards in terms of seismicity or flank failure potentially 
leading to tsunamis. Indeed, the discontinuities, and particularly the 
major N65◦ one, could be seismogenic and/or could delimit a potential 
destabilization zone in a flank collapse, which would then be more 
restricted than in the case of a total destabilization of the spoon-shaped 
structure. Such alternative flank failure scenario should be accounted 
for future for flank failure and tsunami hazard assessment.
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