
HAL Id: hal-03469095
https://hal.univ-reunion.fr/hal-03469095v1

Submitted on 7 Dec 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Holocene volcanic activity in Anjouan Island (Comoros
archipelago) revealed by new Cassignol-Gillot

groundmass K–Ar and 14C ages
Xavier Quidelleur, Laurent Michon, Vincent Famin, Marie-Charlotte Geffray,
Martin Danišík, Nicholas Gardiner, Anaïs Rusquet, Mohamed Gou Zakaria

To cite this version:
Xavier Quidelleur, Laurent Michon, Vincent Famin, Marie-Charlotte Geffray, Martin Danišík,
et al.. Holocene volcanic activity in Anjouan Island (Comoros archipelago) revealed by new
Cassignol-Gillot groundmass K–Ar and 14C ages. Quaternary Geochronology, 2022, 67, pp.101236.
�10.1016/j.quageo.2021.101236�. �hal-03469095�

https://hal.univ-reunion.fr/hal-03469095v1
https://hal.archives-ouvertes.fr




Fig. 1. a) Top-left: Map of the Comoros archipelago with its location relative to Africa and Madagascar shown in insert. Image was made using GeoMapApp. b) Top- 
right: Map of Anjouan Island showing geographic names and literature K–Ar ages (in Ma). Ages in italic are considered as unreliable (see section 5.1). Note that the 
sample dated by Emerick and Duncan (1982; 1983) is a poorly located isolated boulder. c) Bottom: Location map of dated samples (orange symbols) from this study. 
Age and uncertainty are given in ka. The shaded digital elevation model of Anjouan was drawn using QGIS software and topographic data from the Japan Aerospace 
Exploration Agency. Data for rivers (in blue) and roads (in beige) locations are from OpenStreet (Pav: Patsy river; Trv: Tratinga river; Pov: Pomoni river). 



2. Geological setting

The nature of the basement beneath the Comoros archipelago has
been debated due to the presence of abundant xenoliths of sedimentary 
rocks of continental origin in volcanic products from all the islands of 
the archipelago (Lacroix, 1922). Xenoliths of metamorphic and plutonic 
rocks (Lacroix, 1922) in Anjouan and the occurrence of a large massif of 
quartzite found in the island central part (Esson et al., 1970; Flower and 
Strong, 1969; Montaggioni and Nougier, 1981) are additional evidences 
of continental flavors. Continental fragments under the Comoros ar-
chipelago may be remnants of the Gondwana crust, before the breakup 
of Madagascar and India from Africa in the Early Jurassic (e.g., Cour-
tillot et al., 1999). However, the identification of sea-floor spreading 
magnetic anomalies in the underlying Comoros crust suggests that the 
archipelago developed in the vicinity of an oceanic basement (Rabino-
witz et al., 1983). Therefore, it has been proposed that these continental 
rocks may come from the Davie ridge where sediments from the African 
continent accumulated, and were later displaced towards the Comoros 
archipelago (Montaggioni and Nougier, 1981). Yet, the origin of these 
xenoliths of continental sedimentary rocks remains presently 
unestablished. 

The geochemistry of Comorian subaerial lavas shows that magmas 
are generated with different degrees of partial melting, resulting from 
plume-lithosphere interaction (Deniel, 1998; Claude-Ivanaj et al., 1998; 
Class et al., 1998). Sr–Nd–Pb isotopic variations of Grande Comore lavas 
reflect interaction between a deep mantle plume and the shallow lith-
ospheric mantle (Class and Goldstein, 1997). Helium isotopic analyses 
also point to the existence of a Comoros plume, suggesting recent mixing 
between mantle and lithospheric melts (Class et al., 2005). The com-
parison of magmas isotopic signatures from Karthala and La Grille, the 
two volcanoes of Grande Comore, suggests that both components might 
be variable and that the lithospheric component may include a HIMU 
contribution from delamination or thermal erosion of a continental 
lithosphere during Gondwana breakup (Pelleter et al., 2014; Bachel̀ery 
and Hémond, 2016\). 

The morphology of Anjouan is characterized by an overall triangular 
shape and the presence of the Sima, Jimlimé and Nioumakélé penin-
sulas, to the west, north and south, respectively (Fig. 1b). The center of 
the island is made of high reliefs, including Mt N’Tringui the highest 
summit (1595 m asl), with highly incised and amphitheater-headed 
valleys. Lava flows are filling some of these valleys, and numerous 
well-preserved cinder cones and maars are observed throughout the is-
land. Both morphologies support the existence of a relatively recent, 
post-erosional volcanism in Anjouan (de Saint-Ours, 1960). Three vol-
canic stages have been proposed for the construction of Anjouan 
(Flower, 1972). Volcanism started with a shield-building stage 
outcropping in the central part, with mainly basaltic lavas, including 
ankaramites, rare hawaiites, and more differentiated lavas. This was 
followed by an along-rift eruptive stage, which formed the three pen-
insulas, with basaltic lavas and occasional intercalated pyroclastics. 
Finally, following an erosional interval, a rejuvenescent stage occurred, 
with lava flows invading the deeply-incised valleys and flooding the 
coastal areas. The magma compositions of this last stage belong to the 
alkaline undersaturated series, with basanites and more differentiated 
lavas such as phonolites. Previous whole-rock K–Ar ages obtained for 
Anjouan’s lavas range from 3900 ± 300 to 360 ± 100 ka (Hajash and 
Armstrong, 1972; Emerick and Duncan, 1982, 1983; Nougier et al., 
1986). These data, however, are insufficient to place quantitative age 
limits on these volcanic stages. 

A recent detailed morpho-bathymetric study has revealed the sub-
marine volcanic structures within the whole archipelago (Tzevahirtzian 
et al., 2021). Volcanic ridges are observed between the Comoros Islands 
and are interpreted as lithospheric fractures controlling the volcanism 
along a right-lateral transform boundary between the Somalia and 
Lwandle plates (Famin et al., 2020). This morpho-bathymetric study has 
also highlighted the existence of hummocky surfaces, intersected by 
large channels on the submarine flanks of Grande Comore, Mohéli and 
Anjouan islands. These surfaces have been interpreted as debris 
avalanche deposits, resulting from large flank collapses, producing scars 
that can be tentatively identified on-land. Anjouan was probably 
affected by at least two of these events; a SW directed collapse producing 
debris avalanche deposits that extend over more than 40 km off-shore, 
and a NNW collapse with a poorer bathymetric resolution but with an 
associated on-land concave-shaped morphology (Tzevahirtzian et al., 
2021). 

3. Sampling

Lava flows from the three volcanic stages previously reported for
Anjouan Island have been sampled in spring 2019. Four samples 
correspond to lava flows that built the largest massifs attributed to the 
shield building stage (19AN19, 19AN16, 19AN15 and 19AN09). Four 
samples are located along the western and southern peninsulas: one 
along the western Sima (19AN18) rift zone and three along the southern 
Nioumakélé (19AN10, 19AN11 and 19AN12) rift zone. Five samples 
belong to the recent stage (19AN01, 19AN02, 19AN13, 19AN14 and 
19AN17; Fig. 1c). Samples 19AN01 and 19AN02 are from lava flows 
filling the upper part of the Pomoni valley west of the island central part. 
Sample 19AN13 is from a lava flow extended in the eastern coastal area 
around Domoni. This lava flow, which likely originates from well visible 
craters on the right bank of the valley, unconformably covers the largest 
maar structure observed in Anjouan. Sample 19AN14 is from a lava flow 
sequence filling the Tratringa valley. It was sampled just above the 
Tratringa fall, on the left bank of the river. Sample 19AN17 comes from 
the massive lava flow filling the Patsy paleo-valley toward the north. All 
the samples have a porphyric texture with a variable amount of olivine, 
pyroxene, plagioclase and amphibole phenocrysts (Fig. Sup. Mat. 1). 
Ultra-mafic and continental xenoliths are found in some of them, 
notably in 19AN02 and 19AN14 samples. 

In addition, one charcoal (labelled 19AN01A) was sampled for 
radiocarbon dating. The outcrop where the charcoal was extracted 

which might be located in the prolongation of the East African Rift 
System (Michon, 2016). 

Before these models can be further investigated, an accurate 
geochronological framework is mandatory. The radiometric ages pub-
lished on the Comoros archipelago (reviewed in Michon, 2016) are 
unevenly distributed, most of them coming from Mayotte (33 K–Ar 
whole rock ages by Hajash and Armstrong, 1972, Emerick and Duncan, 
1982, and Nougier et al., 1986, and 25 40Ar/39Ar ages by Debeuf, 2004 
and Pelleter et al., 2014). Only a couple of ages are available on Grande 
Comore, ten are on Mohéli, and only eight ages have been published on 
Anjouan (Hajash and Armstrong, 1972; Emerick and Duncan, 1982, 
1983; Nougier et al., 1986). Moreover, the latter ages have all been 
obtained using whole-rock K–Ar dating, which has been shown to be 
sometime inaccurate due to the incorporation of extraneous 40Ar present 
in inclusions of mafic minerals, or to the analysis of undetected weath-
ered phases (e.g., Quidelleur et al., 1999). 

As ongoing volcanic activity is present at both the western and 
eastern ends of the Comoros, in Grande Comore at Karthala volcano and 
offshore east of Mayotte, respectively, it is strategic to focus on Anjouan, 
the central island of the archipelago. Moreover, morphological evidence 
such as uneroded eruptive vents suggests the occurrence of a very 
recent, but yet undated volcanism on this island (de Saint-Ours, 1960), 
which could have strong implications for regional geodynamics and 
hazard assessment. 

The objective of this study is to develop a more robust geochrono-
logical framework of the different volcanic stages of Anjouan by 
providing radiometric ages of the youngest episodes identified on this 
island. For this purpose, we have used the Cassignol-Gillot K–Ar dating 
technique applied to groundmass, and radiocarbon dating applied to 
charcoal found in volcanic deposits. 





Table 1 
New K–Ar ages performed on groundmass separates. Column headings indicate sample names; latitude (in degrees); longitude (degrees); potassium (K) concentration 
in percent; concentration of radiogenic40Ar (40Ar*) in percent; concentration of radiogenic40Ar (40Ar*) × 1011 in number of atoms per gram; age (in ka); 1-sigma 
uncertainty (Un., in ka); weighted mean age (in ka); 1-sigma weighted uncertainty (in ka).  

Sample Lat. (◦) Long. (◦) K (%) 40Ar* (%) 40Ar* (1011 at/g) Age (ka) Un. (ka) Mean Age (ka) ±1 σ (ka) 

19AN01 − 12.24167 44.42805 1.537 1.9 0.68602 43 2      
1.7 0.70457 44 3 43 2 

19AN02 − 12.24384 44.42442 1.673 0.5 0.33721 19 4      
0.5 0.31693 18 4 19 4 

19AN09 − 12.15533 44.49889 1.172 17.6 9.2540 756 12      
17.5 9.2667 757 12 756 12 

19AN10 − 12.32003 44.51970 1.275 7.3 3.1743 238 5      
7.3 3.1248 235 5 236 5 

19AN11 − 12.36509 44.51483 2.036 14.2 5.6123 264 4      
13.5 5.6072 264 4 264 4 

19AN12 − 12.28174 44.52328 1.539 10.6 4.5770 285 5      
11.1 4.6873 292 5 288 5 

19AN13 − 12.25464 44.52706 1.786 1.3 0.57298 31 2      
1.4 0.53286 29 2 30 2 

19AN14 − 12.18610 44.48324 1.582 2.1 0.92654 56 3      
2.0 0.96222 58 3 57 3 

19AN15 − 12.18454 44.46301 1.282 25.5 10.917 815 12      
25.4 10.732 801 12 808 12 

19AN16 − 12.16665 44.44430 1.138 15.3 10.725 902 14      
14.5 10.665 897 14 899 14 

19AN17 − 12.15918 44.43271 2.925 1.3 0.36091 12 1      
1.4 0.31962 10 1 11 1 

19AN18 − 12.21951 44.28131 1.381 27.5 11.230 779 11      
27.8 11.164 774 11 776 11 

19AN19 − 12.25041 44.37912 2.201 20.8 12.241 533 8      
21.2 12.1982 531 8 532 8  

Table 2 
Major (in %) and trace elements (in ppm) composition of whole-rock samples dated here. L.O.I: loss on ignition.   

19AN01 19AN02 19AN09 19AN10 19AN11 19AN12 19AN13 19AN14 19AN15 19AN16 19AN17 19AN18 19AN19 

Wt.% 
SiO2 44.12 43.80 43.79 43.17 45.34 45.76 45.68 44.90 47.05 45.13 53.39 45.88 49.66 
TiO2 2.68 2.73 2.67 2.75 2.83 2.15 2.63 2.66 2.97 2.47 0.77 2.87 1.53 
Al2O3 15.22 14.62 12.14 12.83 15.51 14.29 16.46 15.74 14.76 11.66 19.00 14.43 17.63 
Fe2O3 14.14 14.44 14.30 13.89 13.74 12.63 14.06 14.06 13.87 14.06 9.85 13.76 11.66 
MnO 0.22 0.22 0.18 0.19 0.22 0.19 0.24 0.22 0.19 0.18 0.25 0.19 0.23 
MgO 6.93 7.80 10.72 10.14 5.15 7.93 4.09 5.97 5.92 11.72 1.05 6.57 2.29 
CaO 9.66 9.90 10.74 10.81 7.02 9.58 8.32 9.20 9.62 10.24 4.16 9.07 5.98 
Na2O 4.71 4.50 2.43 3.30 6.34 4.84 5.08 5.06 3.75 2.55 8.46 4.05 6.73 
K2O 1.75 1.59 1.14 1.20 2.49 1.79 2.02 1.93 1.39 1.04 3.34 1.61 2.59 
P2O5 0.88 0.85 0.49 0.66 0.84 0.53 1.09 0.85 0.57 0.44 0.45 0.74 0.99 
L.O.I. − 0.81 − 0.74 1.73 1.13 0.25 0.23 0.08 − 0.69 0.06 0.33 − 0.08 0.12 1.05 
Total 99.50 99.69 100.33 100.06 99.73 99.92 99.75 99.90 100.14 99.82 100.63 99.30 100.34 
Ppm 
Ba 573 536 346 488 937 572 693 557 378 275 961 450 915 
Ce 100 94 63 86 147 78 112 96 78 57 131 92 195 
Dy 6.17 5.97 4.79 5.41 6.76 4.72 6.93 5.74 5.73 4.81 5.30 5.67 7.34 
Er 2.75 2.69 1.99 2.24 3.11 2.14 3.07 2.62 2.49 2.05 2.76 2.38 3.39 
Eu 3.0 3.0 2.3 2.9 3.6 2.4 3.5 2.8 2.7 2.2 2.8 3.0 4.1 
Gd 8.9 8.4 6.7 8.1 10.2 6.7 10.1 8.0 7.9 6.5 7.5 8.5 11.8 
Hf 4.49 4.29 4.12 4.42 5.54 4.47 4.72 4.59 5.61 4.36 6.46 6.10 9.02 
Ho 1.13 1.09 0.84 0.95 1.24 0.87 1.26 1.06 1.03 0.86 1.03 1.00 1.35 
La 52 49 32 44 83 42 57 50 39 28 77 47 110 
Lu 0.34 0.33 0.23 0.25 0.41 0.27 0.37 0.32 0.29 0.24 0.42 0.28 0.45 
Nb 96 88 58 78 144 85 103 94 80 57 132 90 177 
Nd 47 45 32 43 60 35 55 44 39 30 47 45 77 
Pb 3.78 3.42 3.14 3.78 10.00 4.68 3.97 4.38 3.12 2.29 11.86 3.93 9.62 
Rb 31 31 24 26 57 40 36 21 24 23 79 36 76 
Sm 8.9 8.8 6.8 8.5 10.6 6.8 10.5 8.4 7.9 6.5 7.7 9.0 12.5 
Sr 718 688 510 694 1053 664 890 640 504 412 846 657 1190 
Ta 10.7 9.9 7.0 9.0 15.7 9.8 11.0 10.7 9.9 7.0 15.7 10.9 21.3 
Tb 1.25 1.20 0.97 1.12 1.39 0.95 1.42 1.15 1.15 0.96 1.05 1.18 1.55 
Th 5.20 4.79 3.30 4.80 12.16 4.99 4.54 4.64 4.29 2.98 11.46 4.97 13.78 
Tm 0.38 0.37 0.27 0.30 0.44 0.30 0.42 0.37 0.34 0.28 0.42 0.33 0.49 
U 1.27 1.14 0.83 1.09 2.67 1.28 0.96 1.41 1.13 0.78 2.03 1.30 4.15 
Y 28.93 27.61 20.73 24.19 32.99 21.90 32.02 26.46 26.29 21.44 27.46 25.51 35.59 
Yb 2.41 2.33 1.65 1.83 2.85 1.89 2.64 2.28 2.12 1.74 2.86 2.02 3.21 
Zr 231 217 202 225 320 243 236 248 284 210 392 322 549  





confirmed by our new data. 

6.2. Volcanic evolution of Anjouan 

Using the fourteen new groundmass K–Ar and 14C ages from this 
study, together with four of the remaining whole-rock K–Ar ages (see 
above), a total of eighteen radiometric ages is available for Anjouan. In 
Fig. 5, the age-probability (Deino and Potts, 1992) calculated from this 
dataset shows that the subaerial history of the Anjouan Island appears 

younger than previously inferred (e.g., Michon, 2016). Although the 
sampling might be biased by lacking the oldest units recovered by more 
recent lavas, this dataset suggests a relatively rapid subaerial construc-
tion, especially since 0.9 Ma. 

The oldest age we obtained (899 ± 14 ka; 19AN16) comes from a 
massive fresh angular block, located on top of a remnant plateau 
dominating the east side of the Patsy valley. This age is puzzling 
considering the younger age of 808 ± 12 ka of sample 19AN15, located 
within the wall of a subvertical crest, hence, unambiguously belonging 
to the old massif. Fig. 6 shows that the small plateau where 19AN16 was 
sampled seems to belong to the Mt N’Tringrui massif. In such hypoth-
esis, this plateau should be younger than the wall of the old massif dated 
by sample 19AN15 at 808 ± 12 ka. Consequently, as sample 19AN16 is 
our only sample not coming from a lava flow in place but was isolated, 
we suggest that it is actually a block fallen from the old massif. 

Based on bathymetry and on-land morphology, Tzevahirtzian et al. 
(2021) have suggested that Anjouan probably experienced a NW 
directed flank collapse. The wall of the NNW concave-shaped structure, 
east of the Patsy valley, might represent the scar of this collapse (Fig. 6). 
The ages obtained for the old massif that was affected by the collapse 
range from 899 ± 14 ka (including the presumably fallen block) to 756 
± 12 ka. 

More than 200 ka younger, an age of 532 ± 8 ka was obtained for 
19AN19 located near the SW coast, within the scar associated with a SW 
directed flank collapse that could be identified by the bathymetry 
(Tzevahirtzian et al., 2021). Therefore, it represents an older bound for 
this second collapse. Moreover, as sample 19AN19 lies on the SW slope 
of Mt N’Tringrui massif, that seems to be emplaced within the scar of the 
NW directed flank collapse (Fig. 6), this age might also represent a 

Fig. 4. a) Multi-element patterns normalized to primitive-mantle (after Sun and McDonough, 1989) of the samples used in this study. Note that the legend is sorted 
from the oldest to the youngest sample. b) Rare Earth Element (REE) patterns normalized to chondrite values (after Sun and McDonough, 1989) for the same samples. 

Fig. 5. Age-probability distribution spectra (Deino and Potts, 1992) showing 
the periods of volcanic activity in Anjouan based on 14 radiometric ages from 
this study, 2 from Hajash and Armstrong (1972), 1 from Emerick and Duncan 
(1982) and 1 from Nougier et al. (1986). 



younger bound for this first collapse. 
The three ages obtained for the south appear rather close, between 

288 ± 5 and 236 ± 5 ka (Fig. 1). They have been obtained on lava flows 
emitted from the topographic crest forming the Nioumakélé peninsula. 
This peninsula also comprises many recent volcanic vents and can be 
interpreted as a rift zone, where volcanic activity is concentrated along a 
preferential orientation of N150◦ (Famin et al., 2020). Note that the 
whole-rock K–Ar age of 360 ± 110 ka obtained by Nougier et al. (1986) 
agrees with our new ages given its large uncertainty. 

Finally, the youngest ages obtained here (19AN01, 19AN02, 
19AN13, 19AN14 and 19AN17), all younger than 57 ± 3 ka, suggest a 
lull of activity during ~180 ka. They come from lava flows filling 
erosional valleys and being emitted from vents also lying more or less 
along the N150◦ direction (Fig. 7). This suggests a long-lasting influence 
of the regional tectonics (Famin et al., 2020). 

Regarding the chemical evolution of magmatism through time, our 
data do not display any marked tendency within the last 900 kyr interval 
(Fig. 8). The SiO2 content remains in the range of 43–47% for all the 
samples except 19AN19 and 19AN17, the most evolved rocks, which 
experienced fractional crystallization to phono-tephrite and tephri- 
phonolite, respectively (Fig. 8a). The MgO content shows a relatively 
large dispersion from about 1 to 12%, without a clear temporal 

evolution, besides the oldest and youngest lavas showing the highest and 
lowest content, respectively (Fig. 8b). The total alkali contents evolution 
through time (not shown), which range from 3.57 to 11.8% (Fig. 3), 
displays the same features, but with the oldest and youngest lavas 
showing the lowest and highest content, respectively. Similarly, the La/ 
Sm ratio remains within the range of ~3–4 for most basic lavas from this 
study (Fig. 8c), suggesting a rather constant magmatic source 
throughout the subaerial activity of Anjouan. This inference requires a 
more thorough investigation including isotopic analyses, which are 
beyond the scope of the present study. 

Altogether, the ages obtained here and the somewhat homogeneous 
trace elements patterns observed through time, allow us to propose a 
rather simple volcanic scheme for Anjouan. The construction of the is-
land started with a main magmatic vent system most probably close to 
the present center of the island. The associated rift-zones, whose ori-
entations are imposed by the regional tectonics, are observed on-land 
and offshore (Famin et al., 2020; Tzevahirtzian et al., 2021) and still 
guide the magmatism towards the surface up to the most recent volcanic 
activity. The subaerial activity is at least 899 ± 14 ka, or as old as 1520 
± 100 ka if we consider whole-rock K–Ar ages. The activity was char-
acterized by successive periods of volcanic activity that was building the 
island or filling incised valleys (750–900 ka; perhaps 530 ka; 230–290 
ka and since 57 ka), and was separated by periods of erosion that 
dissected the island reliefs, and by several flank collapses. These events 
have probably produced the debris avalanche deposits found on the sea 
floor around the island (Tzevahirtzian et al., 2021). 

At a first glance, the shape and volcanic history of Anjouan island 
appears similar to that of El Hiero in the Canary Islands, with a subaerial 
volcanic history covering the last ~1 Myr (Guillou et al., 1996), volcanic 
rift zones converging towards the island center, and large sector collapse 
scars in-between (Carracedo, 1994; Masson, 1996; Gee et al., 2001). 

6.3. Geodynamic implications 

Our discovery of Holocene volcanism in Anjouan, as well as the 
active volcanism in Grande Comore (Bachèlery et al., 2016), and 
offshore east of Mayotte (e.g., Bachèlery et al., 2019; Feuillet et al., 
2019), either contradicts the age increase that should be observed from 
Grande Comore to Mayotte in the hot-spot track hypothesis, or suggests 
that this hotspot leaves an unusual tail of volcanic activity behind the 
plume head. In addition, recent bathymetry data highlighted morpho-
logical features, including the state of erosion of the different islands, 
and the presence of large insular shelfs in Mohéli and Mayotte, which 
also disagrees with a continuous eastward aging of these volcanic 
structures from east to west (Tzevahirtzian et al., 2021). Considering a 
volume of about 500 km3 for Anjouan, as modeled by a 2000 m high 
cone with a basal radius of about 15 km, and a construction of the island 
during a 1.5 Myr time interval, an output rate of about 3.1 × 10− 4 

km3/yr can be calculated. However rough this estimate may be, it is 

Fig. 6. Perspective view of Anjouan from NW looking SE. The white dashed line indicates the possible location of the scar of the NW directed flank collapse inferred 
from bathymetry data (Tzevahirtzian et al., 2021). 

Fig. 7. Topographic map of Anjouan showing new ages from this study as well 
as recent volcanic features. Craters are shown in grey and Domoni maar is 
located with a star. Recent valley flow paths are shown with black arrows. The 
N 150◦ main axis of vent concentration (Famin et al., 2020) is located within 
black dashed lines. 



much lower than the average value of 10− 2 km3/yr observed for oceanic 
volcanoes, and still an order of magnitude lower than hotspot islands 
such as La Réunion where output rates of about 2.4 × 10− 3 km3/yr are 
obtained for a 2 Myr duration (White et al., 2006). However, the output 
rate that has been calculated for Anjouan is similar to those calculated 
for continental subduction volcanoes, such as Mojanda volcano in 
Ecuador (Bablon et al., 2020) or Mt Adams in the Cascades (USA; Hil-
dreth and Lanphere, 1994), for instance. The above considerations 
suggest that the magmatic production in the Comoros is rather low, 
which is an additional contradiction to the hotspot hypothesis. 

In Anjouan, subaerial volcanic activity for the last 1 Ma, in the time 
interval where ages are best constrained (Fig. 5), seems to occur as four 
distinct pulses, separated by ~200 ka-long quiescent intervals. In the 
absence of reliable radiometric ages for all the Comoros archipelago, it is 
difficult to interpret such distribution, but its discontinuous nature could 

reflect faulting activity during deformation phases occurring at the 
newly forming Somalia-Lwandle plates boundary (Famin et al., 2020). 
Clearly, new ages of subaerial and submarine volcanics throughout the 
archipelago are urgently needed. 

6.4. Volcanic and tectonic hazards assessment 

Our new ages also show that volcanism is still ongoing in Anjouan 
since the Late Pleistocene (<100 ka). Moreover, Holocene volcanism is 
indicated by two independent radiometric methods on different de-
posits, the massive Patsy paleo-valley flow dated by K–Ar at 11 ± 1 ka, 
and the U2 strombolian deposit in the upper Pomoni valley dated by 14C 
at 9.3 ± 0.2 ka (7513-7089 cal yrs BCE). The U3 unit also implies that 
even more recent volcanic eruption occurred in the central part of 
Anjouan during the last thousand years. The second implication 
revealed by this key outcrop (Fig. 2) is the existence of Holocene faulting 
and active tectonic activity on Anjouan in the Holocene. Such a short 
delay since the last eruption and deformation clearly demonstrates that 
Anjouan is an active island, and that volcanism and tectonics can both 
resume at any time. Consequently, we propose that Anjouan should now 
be included in the list of active African volcanoes (e.g. Lenhardt and 
Oppenheimer, 2014). 

Finally, based on the Late Pleistocene - Holocene activity of the is-
land, future eruptions could be characterized as eruption of lava flows 
emitted from a vent located along the N150◦ alignment, filling the 
deeply incised valleys, and eventually flooding coastal plains (Fig. 7). It 
would therefore represent an important hazard for people and in-
frastructures, as most inhabitants from this island live in cities located 
within such valleys or along the coast. Moreover, as several of them, 
such Domoni, Bambao, Pomoni, Koki and Ouani, for instance, are built 
onto recent lavas, a future lava flow could eventually follow the same 
path and be a major threat for the population. 

7. Conclusions

Our new groundmass K–Ar and 14C ages lie within the last 1 Ma and
suggest that most of the subaerial volcanism in Anjouan is much younger 
than the 11 to 4 Ma previously inferred. Although the onset of volcanism 
could not be dated due to the lack of access to basal units, an age of 1520 
± 100 ka (Hajash and Armstrong, 1972) was previously available from 
K–Ar whole-rock dating. Our new K–Ar groundmass ages show that 
volcanism occurred as pulses at 900–750 ka, 530 ka (?), 230–290 ka, 
and since 60 ka. Volcanic episodes were separated by periods of erosion 
that dissected the island reliefs and by several flank collapses (Tzeva-
hirtzian et al., 2021). 

The recent volcanic ages obtained here, together with the present- 
day active volcanoes on both western and eastern sides of the 
Comoros archipelago, namely the Karthala volcano on Grande Comore 
and the submarine volcano off Mayotte’s eastern coast, respectively, are 
strong arguments against the hotspot hypothesis previously proposed. 
Alternatively, the discontinuity of volcanism throughout the last million 
years, and the concentration of recent lava flow vents along the N150◦

alignment, suggest a strong link between regional tectonic activity and 
volcanism (Famin et al., 2020). 

Finally, this study demonstrates that Anjouan is an active island and 
suggests that volcanism and tectonics can both resume at any time. 
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Fig. 8. a) Evolution of SiO2 content (in weight %), reflecting differentiation, as 
a function of sample age (in ka). The number above each symbol corresponds to 
sample name. b) same as a) for MgO. c) Same as a) for the La/Sm ratio, 
calculated after normalization to chondrite values (after Sun and McDo-
nough, 1989). 








