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Abstract : 
 
Understanding the impact of tectonic activity and volcanism on long-term (i.e. millions years) evolution of 
shallow-water carbonate platforms represents a major issue for both industrial and academic perspectives. 
The southern central Mozambique Channel is characterized by a 100 km-long volcanic ridge hosting two 
guyots (the Hall and Jaguar banks) and a modern atoll (Bassas da India) fringed by a large terrace. Dredge 
sampling, geophysical acquisitions and submarines videos carried out during recent oceanographic cruises 
revealed that submarine flat-top seamounts correspond to karstified and drowned shallow-water carbonate 
platforms largely covered by volcanic material and structured by a dense network of normal faults. 
Microfacies and well-constrained stratigraphic data indicate that these carbonate platforms developed in 
shallow-water tropical environments during Miocene times and were characterized by biological assemblages 
dominated by corals, larger benthic foraminifera, red and green algae. The drowning of these isolated 
carbonate platforms is revealed by the deposition of outer shelf sediments during the Early Pliocene and 
seems closely linked to (1) volcanic activity typified by the establishment of wide lava flow complexes, and (2) 
to extensional tectonic deformation associated with high-offset normal faults dividing the flat-top seamounts 
into distinctive structural blocks. Explosive volcanic activity also affected platform carbonates and was 
responsible for the formation of crater(s) and the deposition of tuff layers including carbonate fragments. 
Shallow-water carbonate sedimentation resumed during Late Neogene time with the colonization of 
topographic highs inherited from tectonic deformation and volcanic accretion. Latest carbonate developments 
ultimately led to the formation of the Bassas da India modern atoll. The geological history of isolated 
carbonate platforms from the southern Mozambique Channel represents a new case illustrating the major 
impact of tectonic and volcanic activity on the long-term evolution of shallow-water carbonate platforms. 
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1. Introduction 

 Understanding the processes controlling the long-term (i.e. millions to tens of millions 

year) evolution of shallow-water carbonate platforms represents a major scientific question 

and has been the subject of numerous studies over the last decades (e.g. Aubert and Droxler., 

1992; Wilson et al., 1998; Wilson, 2000; Schlager, 2005; DiCaprio et al., 2010; Andrieu et al., 

2016; Paumard et al., 2017; Pomar et al., 2017; Brandano et al., 2017). The onset, growth and 

demise of tropical carbonate platforms are controlled by numerous parameters including 

merely: (1) biota and skeletal grain production, (2) eustacy, (3) tectonics, (4) volcanism and 

(5), environmental conditions. However, active ongoing debates concern the respective 

impact of these factors on carbonate platforms development, as well as their possible 

interactions. 

 The development of shallow-water carbonate platforms in active tectonic settings 

frequently interacts with structural deformation. Faulting commonly leads to the segmentation 

of carbonate platform(s) into several structural blocks affected by distinct tectonically-

induced vertical movements. A rapid increase in accommodation triggered by tectonic 

subsidence, and outpacing carbonate accumulation rates, is frequently involved in drowning 

processes affecting shallow-water carbonate platforms (e.g. Wu et al., 2014). In Sulawesi 

(Indonesia), Eocene tropical carbonate platforms were affected by extensional tectonic 

deformation responsible for local drowning in hanging wall areas and subaerial exposure on 

adjacent footwall highs (Wilson, 2000). Tilting (e.g. Menier et al., 2014) and differential 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

4 

 

tectonic subsidence (e.g. Lehrmann et al., 2007; Courgeon et al., 2016a) are commonly 

responsible for partial drowning and diachronous development of shallow-water carbonate 

platforms. Topographic highs inherited from structural deformation form suitable substrates 

for shallow-dwelling carbonate producers during the onset and/or backstepping of shallow-

water carbonate platforms (e.g. Bachtel et al, 2004; Lü et al., 2013). 

 In active tectonic settings, tectonic deformations are often accompanied with volcanic 

activity which may impact the development of platform-dwelling biological communities 

(e.g. Wilson and Lokier., 2002; Houk, 2011): (1) products of volcanic eruptions (i.e. lava 

flows, volcaniclastic material) can physically smother carbonate producers and, eventually, 

bury them to death; (2) increased water turbidity induced by volcanic particles input decreases 

light penetration in the ocean, thus hampering the growth of light-dependent carbonate 

producers; these combined effects tend to reduce biological diversity, production rates and 

water-depth interval at which carbonate assemblages can develop; (3) Fluxes of volcaniclastic 

sediments frequently modify water chemistry (e.g. salinity, pH) and increase nutrient content 

and surface-water productivity. While shallow-water carbonate producers poorly tolerate, for 

instance, salinity fluctuations, high nutrient concentrations tend to further promote the growth 

and activity of other heterotrophic organisms (e.g. Hallock and Schlager, 1986; Mutti and 

Hallock, 2003) . Volcanic systems and associated vents can also release important amounts of 

gas that are susceptible to disrupt the development of shallow-water benthic carbonate 

producers (e.g. CO2, Hall-Spencer, 2008). Volcanism appears overall detrimental to 

contemporary and proximal shallow-water carbonate systems. In the geological record, 

several case studies link partly or fully shallow-water carbonate platform terminations to 

volcanic activity (e.g. Wilson, 2000; Lehrmann et al., 2007). Active volcanism during 

carbonate platform development can only induce a local and/or temporary interruption in 

carbonate sedimentation, as it is recorded by an intercalation of volcanic layers into carbonate 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

5 

 

deposits (e.g. Martin et al., 2004), explosive morphologies (e.g. Basile and Chauvet, 2009) or 

intrusive networks directly into carbonate accumulations (e.g. Fernandez-Mendiola and 

Garcia-Mondejar, 2003).  

 In parallel, shallow-water carbonate producers also demonstrate their ability to cope 

with sediment fluxes associated to volcanic activity. In SE Asia, peaks of volcaniclastic fluxes 

during the Neogene are marked by changes in type and morphology of biota (Wilson et 

Lokier, 2002). For instance, in volcaniclastic-rich deposits, preserved benthos were dominated 

by mobile organisms (e.g. mollusks and solitary corals) able to self-extract if covered by 

small amounts of sediments. In Indonesia, reef communities recover promptly (i.e. within 5 

years) after effusive eruptions through the colonization of lava flows (Tomascik et al., 1996). 

Disturbances caused by volcanic activity are usually limited to carbonate systems close to the 

volcanic center(s) (e.g. Wilson., 2000; Lehrmann et al., 2007) and are modulated by the 

nature and intensity of the eruptions. Accordingly, a shallow-water carbonate system can 

normally develop along with volcanic activity if it evolves distally and/or protected from 

eruptive center(s).The impact of tectonic activity and volcanism on long-term carbonate 

platform development remains poorly understood and new case studies are needed to tackle 

that issue. 

 In the Indo-Pacific realm, many tropical isolated shallow-water carbonate platforms 

settled on volcanic substrates, flourished throughout the Cenozoic and locally kept on 

developing to form modern atolls (e.g. Maldives; Belopolsky and Droxler., 2004; Enewetak 

and Bikini atolls; Lincoln and Schlanger, 1991). However, studies reporting the evolution of 

carbonate platforms characterized by both tectonic and volcanic activity are very rare. Isolated 

carbonate platforms provide the opportunity to better assess interactions between carbonate 

sedimentation and tectonic/volcanic activity as they are not exposed to terrigenous inputs. In 

the southern central part of the Mozambique Channel (MC), a 100 km long volcanic ridge 
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hosts both Neogene drowned shallow-water carbonate platforms and a modern atoll. These 

isolated carbonate systems are affected by well-developed fault networks, and drowned flat-

top levels exhibit widespread volcanic morphologies (Courgeon et al., 2016b). Based on the 

study of multi-resolution seismic data set, high resolution bathymetry DEMs, submarine 

videos and dredged samples, this study aims at: (1) describing architecture, age and nature of 

drowned carbonate platforms, (2) characterizing volcanic and tectonic activity that affected 

these isolated carbonate systems, and (3) proposing a conceptual model to explain different 

platform evolutions by discussing, especially, the interactions between carbonate 

sedimentation, tectonic deformation and rejuvenated volcanic activity. 

2. Geological Setting 

 The MC is a broad triangular seaway located between the Madagascar continental 

slope to the east and the Mozambique continental slope to the west (Fig. 1A). Its formation 

resulted from the break-up of the western (South America and Africa) and eastern 

(Madagascar, India and Australia) Gondwana in the Middle Jurassic (e.g. Gaina et al., 2013). 

This rifting period was accompanied by the relative motion of Madagascar with respect to 

Africa (~ 165-120 Ma) through a major transform fault presently illustrated by a 1200 km 

long bathymetric high called the Davie Ridge (DR, e.g. Bassias, 1992; Coffin and 

Rabinowitz, 1987, Fig. 1A). During the Late Cretaceous, an important onshore (e.g. Storey et 

al., 1995; Torsvik et al., 2000) but also, potentially, offshore volcanic activity north of 

Madagascar (Courgeon et al., 2016b) occurred coevally with the activity of the Marion 

hotspot and the Madagascar-India break-up. During the Late Cenozoic, the MC recorded 

renewed geodynamic activity expressed by volcanism in the Comores archipelago (Michon et 

al., 2016) and in southern MC (Courgeon et al., 2016b), as well as extensional tectonic 

deformation along the Davie Ridge (Courgeon et al., 2016b). Timing, location and nature of 
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these tectonic episodes suggest that they are linked to the development and the propagation of 

the East African rift system (Salman and Abdula, 1995; Chorowicz, 2005; Kusky et al., 2010; 

Franke et al., 2015; McGregor, 2015; Stamps et al., 2015; Courgeon et al., 2016b; Michon et 

al., 2016). 

 Nowadays, the MC hosts several isolated carbonate platforms called the "Iles Eparses" 

(Fig. 1B). These carbonate platforms are characterized by typical shallow-water tropical 

carbonate production dominated by corals, benthic foraminifera, green algae and mollusks 

(Battistini, 1976; Jorry et al., 2016; Prat et al., 2016). The Iles Eparses isolated carbonate 

platforms are characterized by asymmetrical geomorphologies driven by dominant winds, and 

evolve under different hydrodynamic settings. They are typified by the occurrence of exposed 

fossil reefs from the Last Interglacial (Guillaume et al., 2013; Jorry et al., 2016). On the 

Glorieuses Archipelago, the flanks of carbonate platforms exhibit successive submerged 

terraces that are interpreted as resulting from reef growth during the last deglacial sea-level 

rise (Jorry et al., 2016). 

 The south central part of the MC is characterized by a 100 km-long seamount chain 

consisting of two guyots, the Hall and Jaguar banks, and of the modern atoll of Bassas da 

India fringed by a 12 km wide submarine terrace (Fig. 1B).The submerged flat-top edifices, 

lying at hundreds of meters water depth (-800 to -120m), correspond to drowned Neogene 

shallow-water carbonate platforms that probably colonized volcanic reliefs during Early 

Miocene time (Courgeon et al., 2016b). These carbonate platforms, characterized by 

successive terrace levels, are cut by well-developed normal faults (Fig. 1B) and their tops are 

extensively covered by volcanic material and morphologies. However, the architecture of 

these carbonate platforms is unknown and the nature and the timing of tectonic and volcanic 

processes interacting with carbonate platform development remain obscure. Moreover, the 

Jaguar Bank is still undated and no model has been proposed to explain differential evolutions 
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and final growth of Bassas da India modern atoll. This area represents a first order target to 

study the impact of tectonic and volcanic activities on the long-term evolution of carbonate 

platforms as a consequence of the isolated nature of these carbonate platforms and the 

diversity of their modern architectures (i.e. drowned carbonate platforms vs. modern atoll). 

3. Material and methods 

 This work is mainly based on geophysical and geological data acquired during the 

2014 PTOLEMEE (Jorry, 2014) and PAMELA-MOZ1 (Olu, 2014) cruises onboard the RV 

L'Atalante and during the 2015 PAMELA-MOZ4 (Jouet and Deville, 2015) cruise on board 

the RV Pourquoi pas ?. Geological interpretations presented in this study result from the 

combined analysis of (1) multi-resolution seismic profiles, (2) bathymetry DEMs and 

associated slope maps, (3) dredged rock samples, and (4) underwater videos. 

 The seismic dataset was collected using the seismic acquisition system SEAL (Sercel, 

Ifremer). "Fast seismic" (CRUISE-SRxxx) data were acquired using a 24 traces and 600m 

streamer with a 12.5m inter-trace interval  (10 knots speed). Fast seismic processing consists 

of stacking and migration at constant velocity. For high-resolution seismic (CRUISE-HRxxx), 

data were acquired using 72 traces and 930m streamer with a 6.25 inter-trace interval  (5 

knots speed). For HR seismic, processing was conducted, when possible, using velocity 

analysis. Locally, seismic data used in this study suffers from low penetration and disturbed 

signal induced by direct contact on the seafloor between seawater and rocky seabed. Seismic 

interpretations have been conducted using coupled analysis of both, HR seismic and fast 

seismic (lower resolution), datasets.  

 Bathymetric data were acquired with Kongsberg EM122 and  Kongsberg EM 710 

multibeam systems. Data were processed using CARAIBES
TM

 v4.2 software and were 

gridded into 20, 10 and 5m resolution DEMs (WGS84). Geomorphological and morphometric 
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analysis were carried out with ArcGIS
TM

 v10.3 using customized Mercator projections. 

Underwater videos and pictures were conducted with the SCAMPI camera system 

(IFREMER) and were used to better constrain submarine geomorphologies.  

Rock samples were collected using rock (CRUISE-DRxx-sample), Niwa (CRUISE-

DNxx-sample) and Warren (CRUISE-DWxx-sample) dredges. The petrographic analysis 

combines hand sample and thin section observations. The interpretation of carbonate 

depositional environments relies on biological assemblages and depositional textures and was 

supplemented by a diagenetic study to evidence reworking, alteration and potential periods of 

subaerial exposure. Stratigraphic data are based on: (1) planktonic and benthic foraminifera 

biostratigraphy (BouDagher-Fadel, 2008, 2013, 2015), and (2) strontium isotopic stratigraphy 

(SIS; McArthur, 2012). (Details on dating methods are given in Courgeon et al. 

(2016b).Younger carbonate samples have been dated by radiocarbon technique. 

4. Results and interpretations 

4.1. Geophysical analysis 

4.1.1.Seismic stratigraphy 

 Seismic profiles carried out along the Hall Bank, the Jaguar Bank and Bassas da India 

terrace (Fig. 2, 3 & 4) are characterized by two major seismic facies (SF1 and SF2) and by a 

minor one (SF3) which is restricted to Bassas da India. Both low resolution (Fig. 2) and high 

resolution (Fig. 3&4) seismic datasets are typified by these three seismic facies. The first 

seismic facies (SF1) is mostly characterized by low to moderate amplitudes, semi-continuous 

to discontinuous reflections and by chaotic to wavy internal configurations (Fig. 2, 3 & 4). 

Locally, SF1 is marked by horizontal and oblique, more continuous reflections that display 

aggrading  (e.g. Fig. 2A) and prograding (e.g. Fig. 2B) patterns. This seismic facies, which 
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prevails in studied profiles, is rapidly mitigated in depth where seismic reflections are lost and 

locally replaced by homogeneous chaotic facies sometimes marked by sub-horizontal blurry 

horizons that most likely correspond to seismic artifacts (e.g. Fig. 2A).While SF1 apparent 

thickness is sometimes very low, as for instance along high-resolution seismic profiles (Fig. 

2A), it can reach up to 200ms on fast seismic dataset (Fig. 2C).The second seismic facies 

(SF2) is characterized by moderate to high amplitude, semi-continuous to discontinuous 

reflections (Fig. 2, 3 & 4). It is typified by various geometries including, horizontal, oblique 

and chaotic reflections. SF2 is observed in the most superficial part of the seismic profiles and 

seemingly covers deeper SF1 reflections (Fig. 2, 3 & 4). Along some platform edges (Fig. 2A 

& 2B), SF2 high-amplitude and oblique reflections form seaward prograding wedges. Vertical 

SF2 thickness ranges from less than 10ms up to 200ms (Fig. 2A & 3A).The third seismic 

facies (SF3) is only observed at Bassas da India (Fig. 2C & 4). It is characterized by 

continuous to chaotic reflections of low to moderate amplitudes. Overall, SF3 seems to cover 

and fill reliefs formed by SF1 and SF2, however, high amplitude reflections and continuous 

SF2 reflections are locally interbedded (Fig. 4). Finally, the top of Bassas da India main 

terrace (Approx -500m deep, Fig. 1B)  is partly covered by undulating geometries up to 20 ms 

high that are associated to SF3 (Fig. 2C &4). 

 SF1 and SF2 are separated by an irregular seismic unconformity, U1 (Fig. 2, 3 & 4). 

While sometimes U1 is marked by a relatively continuous peak  (Fig. 2B, 2C, 3C& 3D), it is 

also frequently only typified by reflection terminations and/or seismic facies change (e.g. Fig. 

2A, 2C, 3A & 3B). U1 is mainly marked by onlaps of SF2 reflections (Fig. 2A, 2C, 3A& 3B) 

but is also characterized by toplaps (Fig. 3C), downlaps (Fig. 3B) or concordance (Fig. 3D). 

U1 is typified by a very rugged topography locally related to the occurrence of well-

developed depressions (Fig. 2, 3 & 4), 100m to 1500m wide and up to 200ms in depth (e.g. 

Fig. 2A & 3A). They are mostly filled by high-amplitude onlapping SF2 reflections but also 
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exhibit complex geometries marked by downlaps. On top of the Hall Bank, a large depression 

is not entirely filled and forms a flat-bottom negative topography along the seafloor (Fig. 2A). 

Moreover, the base of this depression is not observed on seismic profiles. At Bassas da India, 

the large conic depression is typified at its base by a complex reflections configuration that 

also suggests that U1 is not continuous (Fig.4). However, on fast seismic, U1 appears 

continuous along the equivalent depression (Fig. 2C), probably due to the lower seismic 

resolution. This depression is marked at its bottom by high amplitude SF2 reflections but is 

also filled by SF3 reflections (Fig. 2C &4). Furthermore, the seafloor is characterized by SF2 

reflection toplaps indicating post-deposition erosion (e.g. Fig. 2A, 3A & 3D).  

4.1.2. Surface geomorphology and seismic interpretations 

 Drowned carbonate platforms from the southern MC are partly covered by rugged and 

positive morphologies that present typical texture of submarine lava flows (Fig. 5; McClinton 

and White., 2015; Courgeon et al., 2016b). On the Jaguar Bank (Fig. 5B), the smooth surface 

of the drowned carbonate platform is covered by fingered and flowing features interpreted as 

lobate lava flows (Fig. 6A; see Gregg and Finck, 1995). These systems exhibit well preserved 

lava channel and levee morphologies (Fig. 6A). Underwater pictures of these morphologies 

confirm the occurrence of a direct contact between rough and dark volcanic rocks (Fig 6C & 

6D), marked by typical polygonal fracturing network (see Yamagishi, 1991), and bright and 

flat carbonate slabs (Fig. 6B). Volcanic reliefs locally show elongate channel-shaped 

depressions (Fig. 5B) that seemingly correspond to lava channels and/or tubes (e.g. Fornari, 

1986). On the Hall Bank, volcanic morphologies that seemingly entirely cover carbonate 

platform, present low reliefs, domed and very rugged morphologies (Fig. 5A) similar to 

inflated lava lobes (see Deschamps et al., 2014). 
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 The seafloor geomorphology on southern MC flat-top seamounts suggests therefore 

that SF1 corresponds to carbonate platform deposits and that SF2 corresponds to volcanic 

material. SF1 is typified by overall low amplitude, chaotic to wavy reflections (Fig. 2, 3 & 4) 

and exhibits typical characteristics of shallow-water carbonate platform deposits (e.g. Bachtel 

et al., 2004; Burgess et al., 2013). Overlying SF1, SF2 is characterized by higher amplitudes 

and locally parallel reflections (Fig. 2, 3 & 4) that correspond to volcanic deposits and lava 

flows observed at the top of drowned carbonate platforms (Fig. 5 & 6). High-amplitude 

reflections that form prograding wedges along platform margins display striking similarities 

with lava deltas (e.g. Wright et al., 2012). 

  The U1 seismic unconformity is thus interpreted as the contact between volcanic 

material and underlying carbonate deposits. Topographic irregularities and depressions 

observed along U1 (Fig. 2, 3 & 4) could correspond to karstic features, thus implying the 

occurrence of extended periods of subaerial exposure. These depressions, filled by volcanic 

material, are locally associated to SF1 erosional reflection terminations (Fig. 3A & 4A) also 

suggesting a post-depositional origin. Undulating geometries observed along the Bassas da 

India seismic profile (Fig. 2C &4) are associated to thin and elongate positive morphologies 

(Fig. 5C) interpreted as sand ridges and gullies system partly covering volcanic reliefs. The 

nature of SF3 reflections remain unclear, and may correspond to carbonate sediments, 

volcanic material or mixed deposits. 

 The top of the Hall Bank is typified by a 1300m wide, circular and flat-bottom 

depression which is 40m deep compared to the surrounding sea-floor (Fig. 5A &7A). This 

depression appears discontinuous in subsurface, forming a partially filled conic feature whose 

base could not be observed (Fig. 2A). On the seafloor, its bottom is characterized by a central 

pit and by concentric positive ridges (Fig. 7A) associated to very dark volcanic material (Fig. 

7D) and interpreted as volcanic "ring" dykes. These observations suggest that this depression 
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results from volcanic activity (explosive ?). The large and conic depression observed on 

Bassas da India southern terrace (Fig. 2C & 4) might also be volcanic in origin. Smaller, 

rounded and closed to semi-enclosed shallow depressions observed along volcanic reliefs on 

top of the Hall Bank (Fig. 5A) would probably more result from collapsing events associated 

to deposition and cooling of volcanic material (e.g. Halliday, 2007; Chadwick et al.,2013). 

Finally, the summits of flat-top seamounts are typified by extensive pebble fields (Fig. 7B & 

7C) suggesting the occurrence of erosional events after volcanic production, in agreement 

with seismic data set (SF2 toplaps). 

 The summit of the Jaguar Bank (Southern extremity, Fig. 8A) is marked by a rounded, 

overall flat and smooth morphology sited on faulted and rugged antecedent volcanic reliefs. 

This 2km-wide morphological feature displays typical characters of a carbonate build-up and 

occurs down to 117m deep. Along the southern flank of Bassas da India, the large drowned 

carbonate platform covered by volcanic products and bounded by major normal faults, 

exhibits successive rounded and flat-top morphologies interpreted as subsequent carbonate 

terraces (Fig. 5C; Courgeon et al., 2016b), which typify the evolution of the carbonate system 

toward its modern atoll morphology.  

4.1.3. Structural analysis 

 The southern MC seamounts are affected by a dense normal fault network structuring 

the drowned carbonate platforms into various structural blocks (Fig. 1, 2, 4, 5,6 & 8; 

Courgeon et al., 2016b).The different platforms are not affected by faulting in a similar way. 

At the Jaguar Bank, extensional deformation is responsible for tilted panel and horst and 

graben structures (Fig. 1, 2A, 5B & 8) with vertical offset up to 100ms along seismic profiles.  

At Bassas da India, faulting induced successive collapsed structures along its southern flanks 

(Fig. 1, 2C, 4 & 5C). The large terrace is bounded by two prominent faults escarpments (up to 
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200m, Fig. 5C) that most likely form a single major fault responsible for the downward shift 

of this block along Bassas da India southern flank. At the opposite, the Hall Bank is only 

typified by rare faults(Fig. 1) that do not seem to affect its structure. Northeastwards of the 

volcanic ridge, basinal sedimentary layers are marked by well-developed normal faults that 

frequently reach the seafloor (Fig. 9A).These normal faults can be joined to the dense network 

affecting the south MC seamounts and platforms, highlighting a clear SW-NE corridor of 

extensional tectonic deformation (Fig. 9B). 

4.2. Dredged samples analysis 

 Dredged samples used in this study can be divided into two subgroups: (1) the rock 

samples collected along the flanks of the carbonate platforms that reflect their growth and 

development, and (2) rock samples collected on top of carbonate platforms, which record their 

demise and subsequent events. 

4.2.1. Carbonate platform flanks 

 Two rock samples have been recovered on the southwestern flank of the Hall Bank 

(DR18, see location on Fig. 1B): MOZ1-DR18-01 and MOZ1-DR18-02. MOZ1-DR18-01 

corresponds to a skeletal packstone typified by large, of several millimeters in size, corals 

fragments often encrusted by red algae and encrusting foraminifera. MOZ1-DR18-01 also 

includes abundant LBF (e.g. Cycloclypeus sp.; Fig. 10A) and is Burdigalian in age  (Tab. 1), 

as indicated both by SIS (16.29 +/- 0.10 Ma) and foraminifera biostratigraphy (N8a, 17 - 15.9 

Ma). MOZ1-DR18-02 corresponds to a grainstone dominated by LBF (mainly miogypsinids, 

e.g. Miolepidocyclina exentrica ; Fig. 10B) and bearing abundant Halimeda sp. fragments. 

SIS and foraminifera assemblages indicate a Langhian age (Tab. 1). A sample collected along 

the southern flank of the Jaguar Bank (MOZ4-DR05-01, see location on Fig. 1B & 8A) 

corresponds to a skeletal packstone also including encrusted large coral grains (Fig. 10C), 
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Halimeda sp., LBF (e.g. Operculina sp., Lepidocyclina sp., Sphaerogypsina sp., Fig. 10D) 

and red algae. Dating indicate that MOZ4-DR05-01 is Serravallian to Tortonian in age (Tab. 

1). 

 Two rock samples have been collected along the southeastern flanks of Bassas da 

India (MOZ1-DR20, see location on Fig. 1B & 5C). MOZ1-DR20-01(Fig. 10E) corresponds 

to a skeletal packstone bearing abundant planktonic foraminifera, remains of coral fragments, 

mollusks (especially gastropods) and, occasionally, volcanic clasts. The occurrence of crystal 

silts (or vadose silts) in the moldic porosity (Fig. 10F) indicates periods of subaerial exposure 

(e.g. Dunham, 1969; Flügel, 1982).The foraminifera assemblage described in DR20-01 does 

not provide a clear indication of its age (i.e. Miocene - Pliocene, Tab. 1), but SIS gives a 

Tortonian age (8.48 +/- 0.49 Ma). MOZ1-DR20-01 is also typified by reworked Miogypsina 

LBF that are characteristic of the Early to Middle Miocene (BouDagher-Fadel, 2013b).The 

second rock sample collected along the southeastern flank of Bassas da India (MOZ1-DR20-

02, Fig. 10G) corresponds to a skeletal packstone dated of the Messinian by both SIS and 

biostratigraphy (Tab. 1). 

 Rock samples collected along carbonate platforms flanks comprise biological 

assemblages that are dominated by corals, LBF, red algae and green (Halimeda) algae and 

typically reflect photo-autotrophic carbonate production system of tropical shallow-water 

factory (e.g. "T factory"; Schlager, 2003). LBF frequently present robust forms (e.g. Fig. 10B 

& 10D) indicating high-energy environments (e.g. Hallock and Glenn, 1986, Jorry et al., 

2003; Beavington-Penney and Racey, 2004).The abundance of large hermatypic coral 

fragments coated by red algae and encrusting foraminifera (e.g. Fig. 11A, 11C& 11G) as well 

as widespread Halimeda (Tab. 1) could suggest the occurrence of reef buildups (e.g. Flügel., 

1988; Reuter et al., 2012). Finally, stratigraphic results combining SIS and foraminifera 
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biostratigraphy show that these isolated and shallow-water carbonate platforms develop 

during Miocene times (Tab. 1). 

4.2.2.Carbonate platform tops 

 In the northeastern part of the top of the Hall Bank (MOZ1-DW05; see location on 

Fig. 1B & 5A), diverse volcanic and carbonate pebbles have been collected (Fig. 7B). They 

are frequently coated by thin (<10 mm) Fe-Mn dark crusts (Fig. 7C, Courgeon et al., 2016b). 

MOZ1-DW05-C1 corresponds to a dolomitized, coral-rich and perforated limestone reworked 

into a packstone of planktonic foraminifera (Fig. 11A).While the dolomitized limestone could 

not be dated, the enclosing packstone is Early Pliocene in age, as indicated by SIS and 

foraminifera biostratigraphy (Tab. 1). MOZ1-DW05-C2 consists of a planktonic foraminifera 

packstone included into a dark tuff including heterogeneous mineral and carbonate fragments 

(Fig. 11B). The packstone is Pleistocene in age, as indicated by SIS and biostratigraphy (Tab. 

1). It includes dark volcanic clasts and is typified by a network of laminated  bright crusts that 

correspond to phosphatization features. Finally, MOZ1-DW05-10 mainly consists of 

heterogeneous, vesicular, bright and angular fragments that correspond to coarse ashes and 

lapilli (Fig. 11E). Some volcanic clasts are fringed by thin (<0.1 mm) dark layers (Fig. 11E) 

and are interpreted as armored lapilli. These volcaniclasts typically characterize violent 

volcanic eruptions implying contact between surface or shallow phreatic waters and magma 

(e.g. Houghton et al., 2015). In parallel, this volcanic tuff consists of brownish and rounded 

carbonate clasts including skeletal grains (e.g. red algae, Fig. 11E). 

 Heterogeneous limestone samples were collected in the western area of the Jaguar 

Bank (MOZ4-DN02-02, See location on Fig. 1B & 5B). MOZ4-DN02-02c (Fig. 11D) 

corresponds to dolomitized grainstone reworked into a planktonic foraminifera wackestone. 

The grainstone comprises abundant red algae, Halimeda sp., corals and LBF and is 
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characterized by Miogypsina indicating an Early to Middle Miocene age (BouDagher-Fadel 

and Price, 2013b); the wackestone infills porosity and is Pliocene in age (Tab. 1). MOZ4-

DN02-02d (Fig. 11C) corresponds to a phosphatized skeletal packstone dominated by 

Pliocene planktonic foraminifera and including large coral and algal fragments. 

 A massive piece of altered olivine nephelinite (MOZ4-DR08) has been collected along 

the southern terrace of Bassas da India (see location on Fig. 1B & 7C) and corresponds to a 

bloc of lobate lava flow (Fig. 11F).The associated network of fractures is filled first by a 

wackestone rich in planktonic foraminifera (MOZ4-DR08-01b, Fig. 11F) dated of the Early 

Pliocene (Tab. 1). This first infilling is intersected by fractures filled by a phosphatized 

planktonic foraminifera packstone typified by numerous Halimeda plates and red algal 

fragments (MOZ4-DR08-01a, Fig. 11G). Although differences in age are observed between 

SIS and biostratigraphy (400 kyr gap between SIS and biozone younger boundary, Tab.1), 

they both suggest that MOZ4-DR08_02a is Pleistocene in age. 

 Overall, limestone samples collected along drowned carbonate platforms tops 

correspond to Pliocene-Pleistocene wackestones and packstones bearing planktonic 

foraminifera. These limestones are characteristic of outer shelf environments and commonly 

include reworked and altered shallow-water carbonate assemblages similar in composition 

(e.g. LBF, corals, red algae) and age (i.e. Miocene) to rock samples collected along carbonate 

platform flanks (Fig. 10). They were deposited after the cessation of Miocene shallow-water 

carbonate platform development. Limestone recovered on tops of carbonate platforms are 

moreover typified by encrusting Fe-Mn mineralization (Fig. 7C, Courgeon et al., 2016b) and 

widespread phosphatization figures (Fig. 11B, 11C & 11G). These features are characteristic 

of hardgrounds that typically develop during long periods of non deposition within marine 

environment (e.g. Murdmaa et al., 1995; Mangini et al., 1987; Camoin et al., 1998). 

Reworked assemblages are otherwise locally marked by extensive dolomitization (Fig. 11A & 
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11D).In parallel, dredging on tops of seamounts have also collected various volcanic samples, 

which characterize both explosive (i.e. Tuff,, Fig 11B & 11E) and effusive (i.e. lava, Fig. 11F) 

activity. 

 Finally, the carbonate build-up which is located at the top of the Hall bank (MOZ4-

DR06, see location in Fig. 1B & 8A) is comprised of well-preserved limestones including 

coral boundstone and Halimeda sp. grainstones (Fig. 8B). 14C dates obtained on coral and 

Halimeda sp. gave ages ranging from 13.7 to 11.2 ka Cal BP and from 10.9 to 10.6 ka Cal BP 

respectively (Latest Pleistocene - Holocene) 

5. Discussion 

5.1. Onset, growth and demise of Miocene shallow-water carbonate platforms 

 The oceanic volcano(es) that formed the substratum of southern MC carbonate 

platforms were most probably subaerially exposed before being weathered and eroded, 

especially through wave activity, and colonized by shallow-water carbonate producers (Fig. 

12).This development pattern is broadly accepted to explain the accretion of isolated 

carbonate platforms on volcanic seamounts and, ultimately, the formation of guyots (e.g. 

Camoin et al., 1998; Staudiguel and Clague, 2010).The distinctive general morphologies of 

the southern MC carbonate platforms, especially their size and shape (Fig. 1B) are thus 

probably inherited from the geometry of the underlying volcanic units (Fig. 12). While 

seismic data indicate the occurrence of thick carbonate sedimentary layers (up to 200ms 

TWT, Bassas da India, Fig. 2C), the contact between the volcanic substrate and the overlying 

carbonates was not directly observed nor sampled. The oldest shallow-water carbonates which 

were recovered in the study area are Burdigalian in age (MOZ1-DR18-01, Tab.1) and 

therefore suggest that the final stage of volcano(es) edification as well as the onset of shallow-
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water carbonate sedimentation probably occurred  not later than Late Oligocene to Early 

Miocene times (Fig. 12).  

 Drowned carbonate platforms of the southern MC are characterized nowadays by a 

complex structure comprised of successive terraces (Fig. 1, 2, 5 & 8), that are inherited from 

development and backstepping phases of isolated carbonate platforms, as well as from 

structural deformation (Courgeon et al., 2016a). The biological assemblages that typify the 

southern MC Miocene platform carbonates (Fig. 10) are dominated by corals, red algae and 

LBF (Tab. 1). This composition is consistent with global trend in tropical carbonate 

production during the Neogene (Pomar and Hallock, 2008). Carbonate production on the 

southern MC isolated carbonate platforms was also characterized by the abundance of 

Halimeda green algae (e.g. Fig. 10B & 10D) which may have formed buildups as it was 

reported in Late Miocene carbonate systems from the Mediterranean (e.g. Braga et al., 1996; 

Bosellini et al, 2001). Similar bilogical assemblages have been commonly described in 

Miocene shallow-water carbonate systems from the Indo-Pacific realm (e.g.Queensland 

Plateau: Betzler and Chaproniere, 1993; Sarawak: Mihaljevic et al., 2014; Sulawesi: 

BouDagher-Fadel., 2002; South China Sea: Sattler et al., 2004). Our sedimentological results, 

coupled with geomorphological and seismic data, suggest that the southern MC Miocene 

carbonate systems were flat-topped and shallow-water open platforms (e.g. sensu Pomar et 

al., 2012) hosting, at least temporarily, reef complexes. In the absence of clear rim 

morphologies along seismic profiles (Fig. 2), the occurrence of isolated bioherms and patch 

reefs is privileged over that of typical barrier reefs. The occurrence of well-developed 

prograding morphologies (SF1, Fig. 2B) on the northern margin of the Jaguar Bank suggests 

an asymmetric development of the carbonate platform that could be related to prevailing 

southern winds, as observed nowadays on Europa (Jorry et al., 2016).The evolution of 

biological assemblages in the southern MC platform carbonates during the Miocene (e.g. 
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relative abundance of Halimeda vs. LBF, Tab. 1) could reflect changes in carbonate platform 

geometry and production type, which could have been triggered by major climatic 

fluctuations that have been already reported in other areas (e.g. Brachert et al., 1996; Betzler 

et al., 2012). However, a detailed depositional model cannot be reconstructed accurately due 

to the relative scarcity of dredged samples collected on these carbonate platforms (Fig. 1B) as 

well as their large stratigraphic distribution (Tab.1). Drowned Miocene carbonate platforms 

are characterized by well-developed karstic topographies (e.g. depressions, Fig. 2 & 3) and 

freshwater diagenetic features (e.g. vadose silts, Fig. 10F), which suggest extended periods of 

subaerial exposure during their development. Many Mesozoic isolated carbonate platforms 

from the Pacific realm also recorded dissolution and erosion processes in subaerial 

environments during their evolution (e.g. Van Waasbergen and Winterer, 1993; Camoin et al., 

1998). 

 The stratigraphic and sedimentologic data obtained on carbonate samples collected 

along the flanks and at the tops of flat-top seamounts (Fig. 10 & 11, Tab. 1) suggest that the 

end of shallow-water carbonate sedimentation and the drowning of the carbonate platforms 

occurred during the Middle Miocene - Early Pliocene time span (Fig. 12). The youngest 

carbonate deposits exhibit typical hardground features (e.g. borings, Fig. 10A; 

phosphatization, Fig. 11B & 11C), which characterize drowning unconformities in carbonate 

depositional sequences (e.g. Schlager, 1989; Camoin et al., 1998; Godet, 2013). On 

Cretaceous Pacific guyots, such drowning unconformities are capped by shallow-water 

carbonate deposits that are frequently covered by convex upward pelagic caps (e.g. Van 

Waasbergen and Winterer, 1993; Camoin et al., 1998; Wilson et al., 1998). In the Southern 

MC, the sedimentary package that caps the drowned carbonate platforms do not display 

distinctive morphologies and its content in pelagic sediments is seemingly very restricted in 

contrast to abundant reworked shallow-water carbonate grains (Fig. 11). This could be related 
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to the relative young age of the southern MC guyots and/or by strong current activity at their 

summit which could have prevented a significant accumulation of pelagic sediments.  

5.2. Nature and timing of rejuvenated volcanism and tectonic deformation 

 Drowned and karstified Miocene carbonate platforms are laterally extensively covered 

by submarine lava flows (e.g. lobate lava flow, inflated lava lobes; Fig. 12) (e.g. Fig. 2, 5, 6 & 

8; Courgeon et al., 2016b), which indicate the occurrence of a volcanic activity after the 

cessation of carbonate platform development. On Bassas da India, the dating of carbonates 

filling fractures affecting lava blocks (Fig. 11F & 11G; Tab. 1) indicates that volcanic 

eruptions occurred during, or relatively shortly before, the Early Pliocene and was therefore 

overall coeval to the drowning of the carbonate platform. Although no clear volcanic features 

intersecting platform carbonate were documented on seismic profiles, probably due to the 

resolution of seismic images, the magmatic material most likely reached the surface through 

fractures networks (Fig. 12). As described on other carbonate platforms (e.g. Fernandez-

Mendiola and Garcia-Mondejar, 2003), faults and associated weaker zones may also 

potentially act as pathways for magmatic intrusion during volcanic events. Moreover, 

drowned carbonate platforms include volcaniclastic deposits (Fig. 11B & 11E) typified by 

armored lapilli and carbonate fragments that indicate the occurrence of shallow to subaerial 

phreatomagmatic explosions within a pre-existing carbonate platform (Fig. 12). These intense 

eruptions were most likely responsible for the formation of conic diatremes (Fig. 2A & 4) and 

rounded and flat-bottom craters (Fig. 5A &7A) displaying geometric characters which support 

the hydromagmatic nature of the explosive volcanism (e.g. Maars-diatreme volcanoes, White 

and Ross, 2011). Volcanic-related collapsing processes (e.g. caldera, Cole et al., 2005) may 

also be involved in the formation of these deep depressions into the carbonate platform(s). 

The occurrence of ring dykes at the bottom of the Hall Bank crater morphology (Fig. 7A) 

might suggest post-eruptive magmatic injections through passive fracture systems or lava lake 
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collapse. Furthermore, the abundance of volcaniclastic pebbles (Fig. 7B) suggests episodic 

subaerial exposures that were responsible for the reworking of volcanic material. Similar 

volcaniclastic deposits, associated with phreatomagmatic eruptions through carbonate 

platforms, have been reported in the depositional sequence of the Oman Triassic carbonate 

platform (Basile and Chauvet, 2009) and on the Early Cretaceous MIT Guyot in the Western 

Pacific (Martin et al., 2004). Finally, volcaniclastic deposits collected on top of the Hall Bank 

locally include Pleistocene carbonate fragments that indicate recent explosive volcanic 

activity in this region (Fig. 11B & 12; Tab. 1), in agreement with the occurrence of a very 

well preserved crater morphology (Fig. 7A). 

 The southern MC drowned carbonate platforms were affected by major extensional 

tectonic deformations creating a complex network of high-offsets normal faults, which 

dissected the seamounts into numerous and distinctive structural blocks (Fig. 12). These faults 

belong to a SW-NE corridor of tectonic deformation (Fig. 9B) that probably extends 

regionally and that could be linked to the development and the southern propagation of the 

East African Rift System during the Neogene (Stamps et al., 2005; Courgeon et al., 2016b). 

Although the spatial relationships are complex, the network of normal faults frequently 

intersects lava flows (e.g.. Jaguar Bank, Fig. 5B), suggesting that tectonic deformation 

persisted after effusive volcanic activity (Fig. 12). This tectonic deformation was associated 

with huge (up to 200m high, Fig. 5) vertical movements involving very important subsidence 

rates along collapsed and tilted blocks (Fig. 12). Furthermore, normal faults affect basinal 

sediments around the seamounts and usually reach the sea floor (Fig. 9A), thus indicating that 

the tectonic movements have persisted until very recent to modern times. High-amplitude 

vertical motions and dense faulting observed along studied seamounts might also be partly 

caused by gravity collapse related to volcanism (e.g. Staudiguel and Clague, 2010). 
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5.3. The renewal of shallow-water carbonate production and the edification of modern 

atoll 

 During the Late Neogene, shallow-water carbonate producers colonized a horst 

structure and form a rounded and small (<2km wide) carbonate build-up that presently occurs 

at 117m water depth at the top of the Jaguar Bank (Fig. 8A& 12). Dating results obtained on 

coral buildups and Halimeda grainstones collected at the top of this bank (Fig. 8B) suggest a 

drowning event during a latest Pleistocene - early Holocene time window (13-8 ka), probably 

due to an abrupt increase in accommodation induced by the last deglacial sea-level rise (e.g. 

Clark et al., 2009). Along the southern flank of Bassas da India, several terrace morphologies 

are located on volcanic reliefs capping drowned Miocene carbonate platforms (Fig. 5C). The 

first terrace occurs at 250m water depth and is interpreted as a part of a Late Pliocene-

Pleistocene carbonate platform that collapsed along a major normal fault with the southern 

flank of Bassas da India (Fig. 12). The Pleistocene carbonate deposits bearing abundant 

shallow-water skeletal components (MOZ4-DR08-01a, Fig. 11G; Tab. 1), which fill fractures 

in lava blocks collected on top of a Miocene drowned carbonate terrace, could correspond to 

sediments that were transported from this carbonate platform. The flat-top terrace that is 

observed at 120m deep (Fig. 5C& 12A) could correspond to a Pleistocene carbonate terrace 

resulting  from backstepping processes during atoll growth (see Webster et al., 2009). 

However, this morphological feature could correspond to an erosional notch induced by wave 

action or to small reef developing along platform slope during the Last Glacial Maximum 

lowstand (e.g. Camoin et al., 2001) which is usually reported at about 120m water depth (see 

Clark et al., 2009 and references herein). In the end, the latest phases of carbonates 

development, which have driven the edification of the Bassas da India atoll, were seemingly 

limited to topographic highs inherited from tectonic deformations (Fig. 12).While Darwin's 

subsidence-driven model (1842) has been widely accepted to explain the origin of the bucket 
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morphology of modern atolls, more recent studies have demonstrated that the origin of these 

sedimentary edifices may be rather related to: (1) the biotic self-organization of reef builders 

(Schlager and Purkis, 2013) and, (2) high amplitude sea-level fluctuations that involved 

alternate phases of reef growth along atoll rim during highstands and dissolution of lagoonal 

sediments during lowstands (e.g. Toomey et al., 2016). It seems likely that the occurrence of 

the Bassas da India modern atoll is also associated to topographic features that are inherited 

from the previous development of the underlying carbonate platform and reefs, such as the 

Pliocene-Pleistocene carbonate platform which potentially forms its substrate (Fig. 12).The 

southern carbonate terraces of the Bassas da India atoll are partly covered by sandy deposits 

forming well-developed ridges and gullies (Fig. 2C, 4 & 5C). These sedimentary bodies are 

most likely fed by material resulting from erosion and skeletal production of modern reef 

systems (Fig. 12) and trapped on wide and flat terraces during their transportation towards the 

adjacent basin. 

5.4. Origin of Miocene carbonate platforms drowning and controls on long-term 

evolution of carbonate platforms 

 Drowning of reefs or shallow-water carbonate platforms occurred when rates of 

accommodation creation, induced by eustatic rise and/or subsidence, outpace carbonate  

growth potential (e.g. Schlager et al., 1981; Toomey et al., 2013). Drowning events are 

frequently associated with the degradation of carbonate factories induced by major changes in 

environmental and climatic conditions (e.g. Hallock and Schlager, 1986; Camoin et al., 1998; 

Wilson et al., 1998). South MC drowned carbonate platforms are structured by high-offset 

normal faults inducing major tectonic subsidence and volcanic morphologies directly overlay 

shallow-water carbonate platform deposits (fig. 12). Moreover, our result indicate that at 

Bassas da India, eruptive activity was coeval with the end of shallow-water carbonate 

sedimentation, i.e. during Late Miocene-Early Pliocene (Tab. 1). We hence propose that 
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drowning of south MC Miocene shallow-water carbonate platforms was primarily triggered 

by the combination of (1) the extensive coverage of shallow-water carbonates and the 

smothering of involved biological communities by volcanic material (i.e. lava flows and 

volcaniclastics), (2) the degradation of environmental conditions (e.g. water turbidity and 

chemistry) induced by volcanic eruptions and associated inputs, and (3) a sharp increase in 

accommodation induced by extensional tectonic deformation and related subsidence. While 

our geomorphological analysis demonstrates that the latest effusive volcanic flows took place 

in a marine environment (e.g. lobate lava flow, Fig. 6) where they sealed the drowning of the 

carbonate platform, previous eruptions might have occurred in a subaerial environment or at 

very shallow depth. Inputs of volcanic ash particles, very rich in various elements (e.g. Fe, 

Si), increased water turbidity but also potentially provoked bloom in phytoplankton and 

surface-water productivity (e.g. Uematsu et al., 2004; Langmann et al., 2010). This effect, that 

can affect surroundings waters over very wide distance (regional scale), might sustainably 

deteriorated reef-builders (e.g. corals) development by promoting heterotrophic benthic 

organism that adapt faster to high nutrients contents (e.g. macroalgae or cynaobacteria, Houk, 

2011) and reduced light penetration. Finally, the release gas induced by volcanic activity (e.g. 

CO2) could also dramatically disrupted the development of Miocene shallow-water benthic 

carbonate producers (e.g. Hall and Spencer, 2008). 

 Our chronostratigraphic results reveal an apparent SW-NE gradient between the Hall 

Bank and Bassas da India where Burdigalian-Langhian and Tortonian-Messinian limestones 

have been recovered respectively, through the Jaguar Bank which is characterized by 

Serravallian carbonates (Tab. 1, Fig. 12). This trend suggests diachronous development and 

drowning phases that could be linked to different and/or diachronous tectonic (e.g. subsidence 

rates) and volcanic activities on the three carbonate platforms. During the Late Neogene, the 

shallow-water carbonate production restarted along topographic highs that were produced by 
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tectonic movements and/or volcanic accretion (Fig. 8A & 12). While at Bassas da India, the 

modern atoll is seemingly located on the footwall of a major normal fault, the ultimate 

carbonate build-up settled along a narrow horst on the Jaguar Bank (Fig. 12). The absence of 

renewed shallow-water carbonate production at the Hall Bank (Fig. 12) can be tentatively 

explained by the lack of tectonically-induced topographic highs and/or by a sustained 

volcanic activity (e.g. explosive eruptions, Fig. 12) inhibiting shallow-water carbonate 

production (see Wilson, 2000).  

 Major impacts of tectonic and volcanic activity have been commonly described on 

carbonate platforms which develop in active geodynamical settings (e.g. Wilson et al., 2000; 

Wilson and Lokier., 2002; Menier et al., 2014; Wu et al., 2014; Courgeon et al., 2016a; 

Paumard et al., 2016). As proposed in this paper, the drowning episodes are usually thought to 

be triggered by high subsidence rates (e.g. Wu et al., 2014), or by environmental degradation 

induced by volcanic activity (e.g. Wilson, 2000). The development of carbonate platforms or 

builds-ups on antecedent fault-bounded and uplifted highs is also very frequent in active 

tectonic domains (e.g. Lü et al., 2013). Conversely, no significant tectonic and late volcanic 

activity have been reported during the development, especially during the Neogene, of mid-

oceanic drowned carbonate platforms (e.g. Pacific Guyots: Van Waasbergen and Winterer, 

1993; Camoin et al., 1998) and atolls (e.g. Maldives: Belpolsky and Droxler, 2004; Midway 

atoll: Lincoln and Schlanger, 1987) from the Indo-Pacific realm. The southern MC seamounts 

represent therefore valuable features to illustrate and assess the impact of tectonic and 

volcanic activity on long-term evolution of isolated shallow-water carbonate platforms. 

Otherwise, major Neogene climatic changes (e.g. Zachos et al., 2001) and eustatic 

fluctuations (e.g. Miller et al., 2005) were frequently considered in drowning episodes 

affecting the Indo-Pacific isolated carbonate platforms (e.g. Maldives: Betzler et al., 2009; 

Marion Plateau: Eberli et al., 2010). While long-term south MC carbonate platforms 
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evolutions appear in this study mainly controlled by tectonic activity and volcanism, impact 

of climatic and eustatic changes remain obscure. However, these parameters probably played 

a significant role in the development of MC Neogene carbonate platforms on shorter time 

scales, impacting the composition and abundance of biological assemblages (Tab. 1) and the 

short-term evolution of depositional environments, including periods of subaerial exposure 

(Fig. 12B). 

6. Conclusion 

 The main results of this study can be summarized as follow: 

 (1) The carbonate platforms from the southern Mozambique Channel developed in 

shallow-water and tropical settings during the Miocene. They were characterized by 

biological assemblages dominated by corals, red algae, LBF and Halimeda. These carbonate 

platforms underwent periods of subaerial exposure that were responsible for the formation of 

widespread karstic morphologies. Cessation of the shallow-water carbonate production and 

the drowning of these carbonate platforms occurred during Middle Miocene - Early Pliocene 

times and was typified by the deposition of outer shelf carbonates bearing hardground 

features. 

 (2) From Middle Miocene - Early Pliocene,  carbonate platforms underwent 

rejuvenated activity of their volcanic substratum. Volcanic material directly covered 

antecedent carbonate platform and filled associated karstic depressions. This volcanism, 

characterized by both effusive and explosive eruptions, was accompanied by major 

extensional tectonic deformation that structured the isolated platforms into distinct panels and 

blocks. These events are seen as the main triggers for Miocene carbonate platforms drowning, 

especially through rapid tectonic subsidence and environmental degradation induced by 

volcanic activity. 
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 (3) During the Late Pliocene and the Pleistocene, shallow-water carbonate production 

resumed along topographic highs inherited from volcanic accretion and tectonic activity. 

While carbonate build-ups were locally subsequently drowned, reef growth ultimately led to 

the edification of the modern atoll at Bassas da India. 

 The history of the southern Mozambique Channel isolated carbonate platforms 

represents a new and well-illustrated case highlighting the major impact of tectonic and 

volcanic activity on the long-term (millions years) evolution of isolated carbonate platforms. 

However, further investigations, including drilling operations, have to be considered to better 

assess the evolution of these Neogene carbonate platforms through time, and to discuss the 

respective impact of environmental and climatic changes, as well as eustatic fluctuations on 

the Mozambique Channel carbonate platforms development. 
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Captions 

Figure 1: (A) Physiography of the Mozambique Channel (GEBCO 2014, 100m resolution). 

Green squares correspond to Eparses Islands. Ba. means Bassas da India. Eu. means Europa. 

Glo. means Glorieuses. Black dashed line correspond to the Davie Ridge. Study area is 

indicated by a black rectangle. (2) Bathymetry DEM (20m resolution) of the study area. 

White lines correspond to fault and structural lineaments. Red lines and lettering correspond 

to seismic profiles shown in Figure 2. Dark blue rectangles locate geomorphological close-ups 

presented in Figure 7. Yellow and blacks stars and lettering indicate the approximate location 

of dredge operations. 

Figure 2: Fast (Low resolution) seismic profiles and associated interpretations. (A) MOZ4-

SR198 (Hall Bank, see location on Figures 1 & 5A). (B) PTOLEMEE-SR68 (Jaguar Bank, 

see location on Figures 1 & 5B). (C) (A) PTOLEMEE-SR65 (Bassas da India, see location on 

Figures 1 & 5C). Pink arrows correspond to seismic reflections terminations. Red lines 

correspond to faults. Green line corresponds to the seafloor. Pink lines in (B) correspond to 

seismic artifact. Art. means seismic artifact. 
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Figure 3: High resolution seismic profiles and associated interpretations. (A) PTOLEMEE-

HR52 (Hall Bank, see location on figure 5A). (B) PTOLEMEE-HR56 (Hall Bank, see 

location on figure 7A). (C) PTOLEMEE-HR53 (Hall Bank, see location on figure 5A). (C) 

PTOLEMEE-HR32 (Jaguar Bank, see location on figure 5B). Pink arrows correspond to 

seismic reflections terminations. Red dashed lines correspond to faults. Green line 

corresponds to the seafloor 

Figure 4: PTOLEMEE-HR59 (Bassas da India), high resolution seismic profile and 

associated interpretation. See location on Figure 5C. Red lines correspond to faults. Green 

line corresponds to the sea-floor. Pink arrows correspond to seismic reflections terminations. 

Figure 5: High resolution (10m) bathymetry DEMs.(A) Hall Bank, (B) Jaguar Bank and (C) 

Bassas da India. See location in Figure 1. Black lines and lettering correspond to seismic 

profiles. Pink lines and lettering correspond to location of dredge operations. Red lines 

correspond to fault escarpments. Dashed red lines correspond faults inferred both from 

bathymetry DEMS and seismic lines. White rectangles correspond to geomorphological close-

ups presented in Figures 6A & 7A. In (C), thick black dashed line corresponds to the 

boundary of sand ridges and gullies morphologies. Thin black dashed lines correspond to the 

crests of these sedimentary features. 

Figure 6: (A) Very high resolution (5m) bathymetry DEM illustrating a lobate lava flow 

complex on top of the Jaguar Bank (sea location in Figure 5B).Submarine pictures of the sea 

floor. (B) Bright and flat rocky outcrops interpreted as carbonate slabs. (C) & (D) fractured, 

rugged and very dark outcrops interpreted as lobate lava flows. Location of the pictures is 

indicated on A (red squares). 

Figure 7: (A) Very high resolution (5m) bathymetry DEM illustrating a rounded and flat-top 

depression on top of the Hall Bank. This morphology is interpreted as a phreatomagmatic 
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crater (see details in the text). Red squares and lettering correspond to location of submarine 

pictures presented in Figure 7B & 7D. (B) Submarine picture of a pebble field. (C) Pebbles 

encrusted by Fe-Mn crusts and collected in the NE sector of the Hall Bank (MOZ1-DW05, 

see location on Figure 5A). (D) Submarine picture of a very dark outcrop interpreted as 

volcanic. 

Figure 8: (A) High resolution (10m) bathymetry DEM illustrating the geomorphology of the 

Jaguar Bank summit (see location in Figure 1). White dashed lines correspond to fault 

escarpments. Pink lines and lettering correspond to location of dredge operation. (B) 

Halimeda (Ha) grainstone and coral (Co) boundstone collected along the carbonate build-up 

morphology (MOZ4-DR06). 

Figure 9: (A) PTOLEMEE-SR106, fast seismic profile (see location on figure 9B). Black 

lines correspond to faults. Green line corresponds to the approximate boundary between the 

volcanic ridge and adjacent deposits. (B) Slope map (20m resolution) of the study area 

extended towards NE. Red lines represent the SW-NE normal fault networks affecting the 

seamounts and the adjacent basinal deposits.  

Figure 10:Thin sections micrographs of rock samples collected along carbonate platform 

flanks (see dredge location on Figures 1, 5 & 8).(A) MOZ01-DR18-01: Skeletal Packstone 

with large encrusted corals (B) MOZ04-DR18-02: Skeletal grainstone of LBF and Halimeda 

sp. (C, D) MOZ04-DR05-01: Skeletal packstone of LBF and Halimeda with large encrusted 

corals. (E) MOZ01-DR20-01: Skeletal packstone, close up (F) illustrates moldic porosity 

geopetally infilled by crystalline silty sediments (crystal silts). (G) MOZ1-DR20-02: Skeletal 

Packstone. RA: red algae; Co: coral; EF: encrusting foraminifera;Ga: Gastropods; Br: 

Bryozoans;VF: Volcanic fragment; Te: Textularidae; LBF: large benthic foraminifera; Cy: 

Cycloclypeus; Lp: Lepidocyclina; Mio: Miogypsina; Ka: Katacycloclypeus; Op: Operculina; 
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Am: Amphistegina; Sp: Sphaerogypsina; Miol: Miolepidocyclina excentrica, Vi: Victoriella 

sp.; Planktonic foraminifera: PF 

 Figure 11: Thin sections micrographs of rock samples collected along carbonate platform 

tops  (see dredges location on Figures 1 & 5). (A) MOZ01-DW05-C1: Packstone of 

planktonic foraminifera including dolomitized coral-rich limestone. Perf.: perforation 

features. (B) MOZ01-DW05-C2c: Phosphatized packstone of planktonic foraminifera 

including volcanic clasts and covered by tuff. Volcaniclastic deposits include carbonate 

fragments (blue arrows). (C) MOZ04-DN02-02d: Phosphatized packstone of planktonic 

foraminifera including large reworked coralgal fragments. In (B, C), white arrows indicate 

brownish and beige concretions and crusts that correspond to phosphatization features. (D) 

Dolomitized grainstone reworked into wackestone of planktonic foraminifera. (E) MOZ01-

DW05-10: Volcanic tuff including armored lappilli (AL, red arrows indicate dark layers 

coating lappilli, see details in the text) and large carbonate fragment (white rectangle and 

associated close-up). (F) Fractured and altered lava infilled first by wackestone of planktonic 

foraminifera (MOZ4-DR08-01b). A second fracture network is infilled by phosphatized 

packstone of planktonic foraminifera (G, MOZ04-DR08-01a) marked by abundant shallow-

water carbonate grains. Co: coral; Bi: Bivalve; RA: red algae; Am: Amphistegina; Mio: 

Miogypsina; Ha: Halimeda; Mi: Milliolids; Planktonic foraminifera: PF; Ol: Olivine mineral. 

Figure 12:(A) Hypothetical schema of south Mozambique Channel isolated carbonate 

platforms architectures. (B) Simplified schemas of the Neogene evolution of south 

Mozambique Channels isolated carbonate platforms. Not to scale. 

Table 1: Synthesis of dating and microfacies analysis. PF: Planktonic Foraminifera; RA: Red 

Algae; LBF: Larger Benthic Foraminifera. 
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