
What? 
Using lava flow morphology as a proxy to understand 
the dynamics of submarine eruptions

Where? 
§ Fani Maoré submarine volcano
§ Offshore Mayotte Island (Indian Ocean)
§ Largest submarine eruption ever recorded

How? 
• High-resolution bathymetry data (~2 m) 
• Optical imagery from submarines
• 3D reconstructions 

Why? 
§ Document the fine-scale morphologies and eruptive processes 

associated with the eruption
§ Constrain the precise chronology and spatial variability of lava 

emplacement
§ Ultimate goal: better understanding of deep-sea volcanic processes

So what? 
See you in the entrance hall J
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Figure 1.  [A] Map of the Comoros archipelago showing the location 
of Mayotte Island. [B] Map of the East-Mayotte Volcanic Chain (EMVC) 
modified from Feuillet et al., 2021 and Puzenat et al., 2022 showing 
the location of the Fani Maoré volcano. The central part of Fani Maoré 
is in red and the radial ridges and associated lava flows are in orange 
(outlines by Feuillet et al., 2021, based on depth changes [E] between 
2014 [D] and 2019 [C]). Purple patches represent pre-2018 volcanic 
features (mainly cones). Pink patches represent pre-2018 lava flows 
and elongated features. Yellow patches represent the upper 
submarine slope’s highly reflective pre-2018 lava flows. [C], [D] and 
[E] from Feuillet et al., 2021.

Figure 2. Multi-scale approach, from regional mapping to high-resolution mapping, and to 
visual ground truthing of seafloor outcrops. Extent of the Fani Maoré study area mapped 
during the GeoFLAMME cruise (2021) with [A] ship-based multibeam echosounder 
system (MBES) bathymetry, [B] ROV near-seafloor multibeam microbathymetry 
(depth-colored map overimposed on the ship-based bathymetry). The post-processing of 
ROV optical imagery allows to compute scaled, oriented and georeferenced 3D 
reconstructions of submarine outcrops with texture derived from video-imagery [C] or 
textureless, shadded models [D] that facilitate the understanding of geological objects. 

The location of this reconstruction is shown in Figure 5. 

Figure 3. [A] Geomorphological and volcanological 
features of the Fani Maoré submarine volcano from 
seafloor morphologies mapped on the high-resolution 
bathymetry data (extent shown on Figure 2). We 
identify three main textures: [B] Hummocky seafloor 
composed of coalesced, rounded, eruptive hummocks 
(blue circles) that are in some cases, collapsed, [C] 
Irregular seafloor that has less topographic markers 
than the hummocky regions, and [D] Smooth seafloor 
that does not display any roughness on the 
microbathymetry. We also map collapse features of 
different origins, including scarps, fissures, collapse pits 
and collapsed lava tunnels.  [E] Relative chronology of 
lava flow emplacement during the early stages of the 
Fani Maoré eruption. Each unit corresponds to depth 
changes between successive ship-based multibeam 
surveys (Deplus et al., 2019), adjusted to the 
morphologies observed on the microbathymetry.

Figure 4. Quantitative analysis of 
a sample of 50 eruptive 
hummocks observed at the Fani 
Maoré area (blue circles on Figure 
3). To facilitate quantitative 
estimations, hummocks were 
mapped as circles where the 
perimeters correspond to the 
base of hummocks, while the 
centers correspond to their 
summit, as detailed in Yeo et al., 
2012. Our results are plotted over 
Yeo’s data and show that despite 
significantly different geological 
and geodynamical contexts 
between the two studies, eruptive 
products are in fine similar in 
shape and size. 

Figure 5. Optical seafloor textures observed with the ROV Victor 6000 (IFREMER) at the summit of Fani Maoré during dive 
GFL-PL-777-08 of the GeoFLAMME cruise. The colored dots along the ROV navigation track (fine black line) correspond to the 
different lithologies identified. The small white circles locate images [A] to [E], with the location of the 3D reconstruction from 
Figure 2, and the 3D reconstruction of a hydrothermal chimney [F]. We show that the summit is made up of flat-topped to slightly 
domed lava plateaus that are made of lobate lava [A] that transition to pillow lavas [B] when going downslope. Some of these 
plateaus are crosscut by clear scarps [C] visible both on the microbathymetry and on the optical imagery, resulting in the 
formation of talus [D]. In several places, the substrate is completely covered by a thick blanket of fine, black deposits, that we 
interpret as tephra deposits from explosive phases of volcanic activity [E]. The summit of the volcano shows several meter-high 

hydrothermal chimneys, as shown in the 3D reconstruction [F].

1. The summit of Fani Maoré consists of lava plateaus made up 
of lobate and pillow lavas covered with volcaniclastic deposits.

2. Away from the summit, we identify eruptive hummocks 
similar to those observed at other submarine settings.

3. The 2018 eruption likely had both effusive and pyroclastic 
components. We have evidence for explosive activity for water 
depths of up to ~ 2700 m. 

4. The strong morphological heterogeneities at very fine scales 
imply a local variability of the eruptive dynamics.

1. These data will be further analysed to provide a 
quantitative assessment of the links between the 
identified morphological and optical textures.

2. These results will be linked to the temporal evolution 
of lava flow emplacement during this large submarine 
eruption.

3. The ultimate goal is to constrain the precise 
chronology, timescale, and mode of lava flow 
emplacement.
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-  May 2018: Start of the seismovolcanic crisis. Exceptionally   
   deep seismicity (25-50 km), 10 km east of Mayotte Island.
 
-  May 2019: Identification of a newly formed submarine    
   volcano, Fani Maoré, 50 km east of Mayotte Island.

-   To date: 
- Height: 820 m tall
- Base diameter: ~5 km 
- Volume of lava emitted: > 6.5 km³


