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Abstract :   
 
The Fairway Basin is an intracratonic deep-water basin inherited from cretaceous rifting, perched 
between the Lord Howe Rise and the New Caledonia Basin in the Southwest Pacific. Its originality lies 
in its atypical present-day physiography and its carbonate-dominated sedimentary setting since the 
Miocene. Although very limited well controls are available, its overall structure, seismic stratigraphy and 
architecture are relatively well known. However, little is known on the detailed sedimentary processes 
controlling its recent infill. Its remote location from any major clastic sediment sources provides a great 
setting to study deep-water carbonate sedimentary processes. In this paper, we propose a detailed 
analysis of surface morphologies based on existing multibeam and subbottom echosounding data 
together with an analysis of the Neogene to Quaternary basin-fill based on seismic reflection data. This 
allows us to discuss active sedimentary processes, notably gravity flow processes which are thought to 
be active since the Middle Miocene. These processes are evidenced by both surface and subsurface 
features, such as submarine canyons, channels and lobes, composite scarps and mass transport 
deposits (MTDs). In the northern part of the basin, a 400 km-long axial turbidite system is developed 
close to the Lansdowne Bank, a partly drowned isolated carbonate platform, where present-day 
sediment remobilisation seems to be essentially sourced from intra-slope instabilities. These reworked 
sediments extend over an area of 16,000 km2. Along with this axial turbidite system, seismic data show 
two main mass transport complexes (covering an area of ca 20% of the basin's surface) originating from 
the slopes of the basin. The potential triggering mechanisms of MTDs of the northern complex might be 
directly attributed to overloading and high slope values of the Lansdowne Bank area (>1.5°). For the 
southern complex, surface slope values are lower (<1.4°), and the role of fluid migration and escape is 
discussed. The Fairway Basin indeed shows strong evidences for fluid generation (e.g. polygonal 
faulting, pockmarks, presence of a widespread Opal-A/Opal-CT diagenesis-related bottom simulating 
reflectors) and fluid overpressures. 
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Highlights 

► A basin isolated from terrestrial sediment sources during Neogene ► Mainly neogene sedimentary 
processes occurred in unconsolidated unit (Ooze). ► Gravity process (turbidites, MTDs) are the 
dominant sedimentary process. ► Slope values, fluids and lithological/diagenetic boundaries could 
control MTD dynamics. ► Distribution of main sedimentary process is constrained by a structural 
inheritance. 

 

Keywords : Deep-water carbonates, Submarine landslides, Turbidites, Polygonal faulting, Fluid escape, 
Fairway Basin 
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turbidite system is developed close to the Lansdowne Bank, a partly drowned isolated 

carbonate platform, where present-day sediment remobilisation seems to be essentially 

sourced from intra-slope instabilities. These reworked sediments extend over an area of 

16,000 km². Along with this axial turbidite system, seismic data show two main mass 

transport complexes (covering an area of ca 20 % of the basin’s surface) originating from the 

slopes of the basin. The potential triggering mechanisms of MTDs of the northern complex 

might be directly attributed to overloading and high slope values of the Lansdowne Bank area 

(>1.5°). For the southern complex, surface slope values are lower (<1.4°), and the role of fluid 

migration and escape is discussed. The Fairway Basin indeed shows strong evidences for fluid 

generation (eg. polygonal faulting, pockmarks, presence of a widespread Opal-A/Opal-CT 

diagenesis-related bottom simulating reflectors) and fluid overpressures.  

1. Introduction 

The Fairway Basin is located offshore New Caledonia, in the northern part of the zealandian 

continent (Mortimer et al., 2017). This basin is considered as tectonically inactive during the 

Neogene and Quaternary, and is characterized by low subsidence rates. It is also characterized 

by low slope values and an atypical physiography, forming a stepped terrace confined 

between the Lord Howe Rise and the New Caledonia Basin (Figure 1). In addition, since the 

end of the Eocene, this basin has been isolated from any terrigenous source so that its neogene 

to quaternary infill is thus thought to be dominated by biogenic carbonate sedimentation. 

Previous studies on the Fairway Basin were essentially dedicated to its overall structure and 

basin scale stratigraphy (Exon et al., 2007), seismic architecture and basin evolution 

(Rouillard et al., 2017), diapirs (Auzende et al., 2000) and its Bottom Simulating Reflectors 

(BSR) (Auzende et al., 2000; Nouzé et al., 2009). However, the Neogene to Quaternary 

sedimentary dynamics of the Fairway Basin have not been studied in detail yet. The age and 
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nature of the infill of the Fairway Basin is poorly constrained, with very limited well control 

and heterogeneous seismic data coverage. However, a relatively good dataset of surface and 

subsurface data is available, which not only allows to characterize present day morphologies 

but also to discuss associated sedimentary processes and their relative implication in the 

Neogene-Quaternary infill of the basin. Indeed, the integrated observations of surface and 

sub-surface data allow to characterize a recent carbonate turbidite system, mass transport 

deposits (MTDs) and post-depositional deformation features (polygonal faults) in Neogene-

Quaternary carbonate series. The objectives of this work are therefore to (1) characterise the 

main surface and sub-surface features of the Neogene-Quaternary interval of the basin; (2) 

discuss the associated depositional and post-depositional processes; (3) investigate the 

potential relationships between turbidite flows, slope instabilities and fluid escapes in the 

context of a tectonically inactive basin. 

2. Physical settings  

2.1. Tectonic setting  

The evolution of the Fairway Basin is closely related to the Mesozoic-Cenozoic history of 

Zealandia, which can be summarized by five main tectonic phases (Collot et al., 2018). The 

earliest corresponds to the Gondwana phase during the Mesozoic, when Zealandia was 

located on the eastern active margin of Gondwana (Mortimer, 2004; Mortimer, 2008; 

Sutherland and Hollis, 2001). The second phase corresponds to the fragmentation of 

Gondwana initiated in the Cretaceous ( Hayes, 1973; Gaina et al., 1998; Exon et al., 2007). 

This rifting phase allowed the thinning of zealandian continental crust and the development of 

a series of basins and ridges. The third phase corresponds to a regional post-rift thermal 

subsidence of Zealandia and associated seafloor spreading in the Tasman Sea (Gaina et al., 

1998), during which most of the area reached generalised bathyal water depths (Burns et al., 
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1973). Following this, Zealandia is thought to have undergone a tectonically active phase 

known as TECTA (Tectonic Event of the Cenozoic in the Tasman Area; Sutherland et al., 

2017) in the Eocene notably marked by a widespread Eocene-Oligocene regional 

unconformity, hypothesised to be linked with tectonic vertical motions associated with the 

Tonga-Kermadec subduction initiation (Bache et al., 2012; Sutherland et al., 2010; Sutherland 

et al., 2017). Finally, the last tectonic phase corresponds to a period of regional subsidence 

due to Tonga-Kermadec subduction roll-back and back-arc opening, together with the onset of 

intraplate volcanism ( Van de Beuque et al., 1998; Exon et al., 2004; Higgins et al., 2011). 

2.2. General morphology of the Fairway Basin 

The Fairway Basin is bordered by the Fairway Ridge to the east, the Lord Howe Rise to the 

west, the Lansdowne Bank to the north and the New Caledonia Basin to the south (Figure 2). 

The basin has a V-shaped northern termination and is characterized by a change in orientation 

from NW-SE trending to NNW-SSE trending at around 23°30’S. It is 700 km long, 60 to 150 

km wide, and lies between 700 to 2900 m water depths (Figure 1). The Lord Howe Rise is a 

200 km wide plateau with water depths ranging from 1000 to 1500 m. The eastern margin of 

the Lord Howe Rise is relatively steep and exhibits slope values of 0.8-1.4°. The Fairway 

Ridge is highlighted by a series of discontinuous seamounts that deepen southward, from 

near-sea-level on the Lansdowne Bank to 2900 m deep in the south. In the northern part of the 

Fairway Basin, mapped slopes of the Lansdowne Bank (surface slope values of 1.5-6°) are 

affected by several tributary submarine canyons (Figure 2 and Figure 3). These NW-SE 

oriented canyons merge downslope towards the centre of the basin, where backscatter data 

clearly shows a main channel and an associated channel-mouth lobe (see Figure 2) (Rouillard 

et al., 2017). This turbidite channel-lobe system extends over 400 km and the lobe covers an 

area of around 3500 km² (Rouillard et al., 2017).  
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2.3.  Structure and seismic stratigraphy of the Fairway Basin 

The margins of the Fairway Basin are structured by numerous normal faults inherited from 

cretaceous rifting (Figure 4A). The basin is comprised between the two main basement highs 

of the Lord Howe Rise and the Fairway Ridge (Figure 1 and Figure 4A). The maximum 

basin-fill thickness is of 4 km (Figure 4; Ravenne et al., 1977). The seismic stratigraphic 

framework used in this paper is based on the work of Rouillard et al. (2017), which fits with 

the regional-scale seismic units of northern Zealandia sedimentary basins (Bache et al., 2014). 

These units are partly tied to lithostratigraphic data from wells DSDP 587 (Kennett et al., 

1986) and DSDP 208 (Burns et al., 1973). DSDP 208 is the only well that recovered Late 

Cretaceous and Paleogene strata on the Lord Howe Rise in the vicinity of the Fairway Basin, 

whereas DSDP 587 only partly recovered the Neogene-Quaternary section within the northern 

part of the basin (Figure 4A). Unit Fw3 is the oldest and deepest unit. Its seismic facies is 

variable, from chaotic to locally continuous and stratified reflections within horsts and tilted 

blocks. It is significantly faulted and folded, and is thought to correspond to pre-rift series 

associated with the Gondwana phase. It is bounded at its top by a major angular and/or 

erosional unconformity, interpreted as a rift-onset unconformity merged in places with a 

continental break-up unconformity. Unit Fw2b is characterized by prograding geometries 

overlapping mounded features (diapirs or carbonate mounds) in the North and by typical 

fanning geometries filling half-grabens in the South. This unit is thought to correspond to 

siliciclastic deposits associated with the syn-rift phase. Of particular note is that series from 

the syn-rift phase (Fw2b) are deformed by diapirs (Auzende et al., 2000; Rouillard et al., 

2017). In the absence of well control, the nature of those diapirs remains uncertain, and salt or 

mud were alternatively proposed (Auzende et al., 2000). However, the high mid-Cretaceous 

paleolatitudes seem to favour mud deposition (Exon et al., 2007) and such deposits are also 

compatible with deposition in a confined and shallow basin developed during a rifting phase. 
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Some isolated mounded features are present above these diapirs in the post-rift series (Fw2a), 

and were interpreted as fluid escapes (Auzende et al., 2000). Alternatively, Rouillard et al. 

(2017) suggested that these features could represent deep-water carbonate mounds. Unit Fw2a 

is characterized by conformable, low to high amplitude, onlapping reflections and is slightly 

folded and deformed. It is thought to be composed of transgressive deposits recording post-

rift thermal subsidence. These units are overlain by Fw1b, which is characterized by vertically 

stacked, low to high amplitude reflections, with local V-shaped channel features. An 

unconformity delimits the top of this unit and corresponds to the regional Eocene-Oligocene 

unconformity (Bache et al., 2012; Collot et al., 2008). Unit Fw1b is thought to be composed 

of turbidite deposits sourced from bounding ridges (eg. Fairway Ridge) that would provide 

evidence for elevated topography associated with the Eocene TECTA tectonic event 

(Rouillard et al., 2017). A Bottom Simulating Reflector (BSR) has been described and 

extensively discussed within this unit (Auzende et al., 2000; Nouzé et al., 2009). This 

discontinuous reflector often merges with the Eocene-Oligocene unconformity and does not 

always mimic the seafloor and has a positive polarity (Nouzé et al., 2009). Originally thought 

to be associated with gas hydrates (Auzende et al., 2000), heat flow data, physical properties 

and known lithologies at regional DSDP sites showed its origin to be consistent with a 

diagenetic origin. Therefore, the BSR was reinterpreted to be related to an Opal-A/Opal-CT 

transition front (Nouzé et al., 2009). Unit Fw1a comprises conformable, highly bedded, low to 

high amplitude, subparallel and subhorizontal reflections. It is interrupted by common 

transparent to chaotic erosive intervals and is affected by numerous polygonal faults (Exon et 

al., 2007; Rouillard et al., 2017). Fw1a unit is thought to correspond to the regional 

subsidence phase that follows the Eocene tectonic event. It is also coeval with intraplate 

volcanism of Oligocene to early Miocene age (Van de Beuque et al., 1998; Exon et al., 2004; 
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Rollet et al., 2012). This unit is the focus of this paper and it is presented in detail in the 

following section. 

2.4.  Unit Fw1a: lithological constraints and seismic character 

Seismic unit Fw1a has been drilled on the Lord Howe Rise at site DSDP 208 (Burns et al., 

1973) and partly at site DSDP 587 on the northern Fairway Basin (Kennett et al., 1986) 

(Figure 4B and C). At site DSDP 208, seismic unit Fw1a corresponds to lithostratigaphic Unit 

1 defined by (Burns et al., 1973) that spans from the Late Oligocene to the Present day (see 

Nouze et al. 2009 supplementary data for seismic tie). The uppermost part of this 

lithostratigraphic unit (0 to ca 300 m beneath seafloor) is composed of Middle Miocene to 

Present day foraminifer-bearing nannofossil oozes with disseminated volcanic ash or glass 

(Burns et al., 1973). It correlates with seismic subunit Fw1a1 (Burns et al., 1973; Kennett et 

al., 1986). Sonic velocities increase from 1.6 km/s at the seafloor to 2.1 km/s at its base 

(Burns et al., 1973). Shallow sediments are largely unconsolidated. The lowermost part of 

lithstratigraphic Unit 1 (300-488 m bsf) is composed of Late Oligocene to Middle Miocene 

foraminifer-bearing nannofossil chalk to nannofossil chalk with traces of volcanic ash and 

iron sulphide minerals (Burns et al., 1973). It correlates with seismic sub-unit Fw1a2. The 

ooze to chalk transition is characterized by fluctuations in density (Burns et al., 1973) and, 

below the transition, porosities decrease and velocities increase due to cementation and 

compaction (Burns et al., 1973; Kennett et al., 1986). At site DSDP 587, located along the 

southern slope of the Lansdowne Bank in the northern part of the Fairway Basin, a 147 m-

thick interval sampled the upper part of seismic unite Fw1a, i.e. part of Fw1a1 (Figure 4C). 

Fw1a1 is again mainly made of foraminifer-bearing nannofossil oozes to nannofossil oozes 

similar to those recovered in DSDP 208, with grain density estimated at 2.691 g/cm
3
 (Kennett 

et al., 1986). However, massive to normally graded bioclastic skeletal sands with shallow 

water faunas and rip-up ooze or chalk clasts were recovered throughout the entire cored 
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section, interbedded within oozes, present as up to 2 meter thick layers. These coarse-grained 

deposits were interpreted by Kennett et al. (1986) as resedimented shallow water carbonate 

material (i.e. calciturbidites), likely to be derived from the Lansdowne Bank reefs through 

gravity flows, possibly during sea-level lowstands of the Late Miocene and Quaternary. 

However, most coarse-grained deposits occur at the top of the cores, therefore possible 

contamination from quaternary material coming from the top of the hole has been suggested 

by these authors. The uppermost part of Fw1a1 has also been sampled by several cores and 

dredges from ZoNéco-5 (Auzende, 1999), AUSFAIR/ZoNéco-12 (Foucher, 2006) and S232 

surveys (Exon, 2004) (Figure 2B), which provided lithological constrains in the southern part 

of the Fairway Basin. Core lengths range from 3 to 7.6 meters and were all described as 

foraminifer-bearing nannofossil oozes, in places with volcanic ash or pumices, which is 

consistent with data from DSDP wells regarding the nature of Fw1a1. Seismic data shows that 

thickness of the unit ranges from 0.4 s twt on ridges to 0.8 s twt in the main basin (Figure 4), 

which correspond to about 360 to 720 meters of sediments taking an average velocity of 1.8 

km/s. Rouillard et al. (2017) explained this increase in thickness in the basin by significant 

deposition of reworked material coming from the erosion of surrounding ridges, particularly 

the Fairway Ridge, which would have supplied sediments until very recently, as evidenced by 

present day gravity-related features (see section 4.2 for more details). In terms of seismic 

character, sub-unit Fw1a2 is characterized by diffuse to chaotic low amplitude reflections, in 

places coherent reflections. Sub-unit Fw1a1 comprises conformable, highly bedded, low to 

high amplitude reflections (Figure 4B and C). The ooze to chalk diagenetic front seen within 

wells induces higher impedance contrast reflections, which allow identifying these two 

lithological sub-units on seismic data. However, in the northern part of the basin, the 

distinction between sub-units is barely seen on seismic. Indeed, in the vicinity of the 

Lansdowne Bank, the Fw1a unit is acoustically well stratified, with relatively high amplitude 
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reflections on its entire thickness. This could be linked with the lithological nature of the unit 

(higher proportion of calciturbidites in the vicinity of the Lansdowne Bank?) and/or to a 

different diagenetic history than in the southern part of the basin. In addition, the Fw1a unit is 

affected by several volcanoes (hundreds of meters high) on the Lord Howe Rise. A large 

number of them are not entirely buried. They are associated with the volcanic event of the 

Chesterfield and Tasmantid hotspots (Missègue and Collot, 1987; McDougall and Duncan, 

1988).  

3. Materials and methods 

We present in this paper a detailed analysis of the main features characterising the Neogene to 

Quaternary Fw1a unit of the Fairway Basin, based on the combined use of existing surface 

and subsurface datasets. Seismic data have been acquired within the Fairway Basin during 

several surveys since the 70’s (Figure 2). The bulk of those data are publicly available within 

the Tasman Frontier database (Sutherland et al., 2012). The quality of the dataset is 

heterogeneous, vintage data consist of poor-quality single-channel and moderate quality 6-

channel seismic lines, whereas better quality data consist of multichannel seismic (see 

Rouillard et al. (2017) for details on the distribution of seismic data over the Fairway Basin). 

Recent surveys (ZoNéco-04 (Le Suave, 1996), ZoNéco-05 (Auzende, 1999), ZoNéCo-11 

(Lafoy, 2004; Lafoy et al., 2005), NOUCAPLAC/2 (Loubrieu, 2004), Faust (Van de Beuque 

et al., 1998), and TECTA (Collot et al., 2015) surveys) include (1) multibeam bathymetry and 

backscatter imagery (Kongsberg EM12, EM122), (2) 3,5kHz subbottom echosounding and (3) 

high-resolution seismic data. 3.5 kHz profiles have an average penetration of 50 m below the 

seafloor. Bathymetric data have been processed with Caraïbes software (Ifremer). Data from 

the ZoNéCo, Noucaplac and Faust surveys were gridded with a spatial resolution of 100 m, 

while data from the 2015 TECTA survey (Collot et al., 2015) were gridded with a 25 m 
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resolution. Backscatter data were also processed with Caraïbes software and gridded at the 

same spatial resolution as the bathymetric data. Data from DSDP 587 (Kennett et al., 1986) 

and DSDP 208 (Burns et al., 1973) wells together with cores and dredges from ZoNéco-5 

(Auzende, 1999), AUSFAIR/ZoNéco-12 (Foucher, 2006) and S232 surveys (Exon, 2004) 

allow to constrain the lithology of the Neogene-Quaternary interval of the Fairway Basin 

(Figure 2). 

The data analysis combines (1) detailed morphostructural analysis, based on bathymetry, 

backscatter and surface slope data; (2) classification, interpretation and mapping of 3.5 kHz 

echo-facies on the basis of (i) acoustic penetration and continuity of bottom echo and sub-

bottom reflections, (ii) microtopography of the seafloor, and (iii) internal structures (eg. 

Damuth, 1980a). 3.5 kHz echo-facies were tentatively linked to sediment types and 

interpreted in terms of depositional and post-depositional processes, based on their repartition, 

relationships with seafloor features, and available studies from the literature.; and (3) seismic 

interpretation. 

4. Results 

4.1.  Echo-facies of the Fairway Basin 

Based on the analysis of subbottom echosounding profiles, eight echo-types have been 

identified and are grouped into four main classes: bedded (B), transparent (T), chaotic (C) and 

hyperbolic (H). Their detailed characteristics (bottom echo, internal and base reflections) and 

general interpretation can be found in Table 1 and their distribution in Figure 5.  

Bedded echo-facies 

Bedded echo-facies include 4 distinct bottom echo-types. 

a) Regular continuous and parallel sub-bottom high-amplitude reflections (B1). This 

bedded echo-type (B1) is thought to correspond to pelagic deposits (Gaullier and 
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Bellaiche, 1998), possibly interrupted by thin-bedded turbidites (Damuth, 1980b; 

Pratson and Laine, 1989) or lightly heterogeneous lithology. 

b) Bedded-diffused echo-type corresponding to low amplitude reflections (B2). This 

echo-type is attributed to relatively homogeneous unconsolidated material of pelagic 

origin.  

c) Bedded-wavy echo-type corresponding to regular, undulated bottom echo-type (B3). 

This echo-type may characterize sediment waves (Bouma and Treadwell, 1975; Jacobi 

et al., 1975; Damuth, 1979; Damuth, 1980a), or alternatively surface creep 

deformation or draping associated with polygonal faults (see section 5.2). 

d) Bedded-faulted echo-type is characterized by discontinuous reflections showing 

significant offsets (B4). This echo-type is indeed correlated with highly faulted 

intervals in section view and polygonal networks on bathymetric data, which strongly 

suggests polygonal fault intervals. The widespread character of polygonal faults 

suggests differential compaction of poorly consolidated layers over the whole basin. 

When echo-type B3 is observed around or in vicinity echo-type B4, such undulations 

could result from the pelagic draping of the irregular topography associated with 

polygonal faults. 

In terms of spatial distribution, the detailed mapping on all available subbottom 

echosounding profiles revealed that bedded echo-facies are dominant in the Fairway 

Basin, with bedded-diffused echo-types (B2) most common, typically on low relief areas 

within the basin (Figure 5). However, this echo-type is replaced by bedded-wavy echo-

types (B3) in areas where the surface slope values slightly increase (0.8 to 1.4°), such as 

on the eastern flank of the Lord Howe Rise. Bedded-faulted echo-types (B4) occur in the 

northwestern and southeastern parts of the basin. These echo-types B4 are also present in 

combination with other echo-types (mainly T1). 
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Transparent echo-facies 

Transparent echo-facies include two distinct bottom echo-types with: 

a) Transparent echo-type with base reflections (T1);  

b) Transparent echo-type with small hyperbolas (T2).  

Transparent echo-facies (T1 and T2) could indicate gravity-related deposits, such as turbidite 

or mass failures (Jacobi, 1976; Damuth, 1980a; Damuth, 1980b, 1994; Embley, 1976; 

Embley, 1980; Cita et al., 1984; Tripsanas et al., 2004). Indeed, the channel system identified 

on backscatter data by Rouillard et al. (2017) is clearly correlated with transparent echo-types 

(T1), whereas areas surrounding the depositional lobe are associated with bedded echo-types 

(B1). Transparent echo-type 2 (T2) is present at the boundary with hyperbolic areas, which 

strongly suggests that this facies characterizes gravity flow deposits. 

Chaotic echo-facies 

Chaotic echo-facies comprises chaotic discontinuous sub-bottom reflections, small superficial 

hyperbolas and sharp base reflection (C). These echo-facies are present at the boundary with 

failure scarps visible in bathymetry and in the area of the lobe described by Rouillard et al. 

(2017). Chaotic echo-types (C) correspond to chaotic sediments associated with slides, slumps 

or mud/debris flows (Pratson and Laine, 1989; Damuth, 1994). 

Hyperbolic echo-facies 

Hyperbolic echo-facies are characterized by large and irregular hyperbolic bottom echoes 

without sub-bottom reflections (H). Hyperbolic echo-facies characterize irregular 

topographies with high slope values (i.e. abrupt slopes or fault scarps). They are indeed 

localised on the steepest slopes of the Lord Howe Rise and the Fairway Ridge. 
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4.2. Characterization of main seabed features 

4.2.1. Axial gravity systems of the Fairway Basin 

The Fairway Basin is characterised by an axial gravity system developed toward the SE, ie. 

along the main depositional slope, primarily sourced by the Lansdowne Bank and the Fairway 

Ridge areas. It is expressed by surface morphologies such as submarine canyons, failure 

scarps, channels and a depositional lobe (Figure 3, Figure 6 and Figure 7). Two main canyons 

are distinguished in the northern part of the Fairway Basin, forming the proximal part of such 

turbidite system (Figure 3). The first, in the centre of this area, is characterised by four main 

tributary axes and the second, to the east, shows a series of shorter tributary axes. In the first 

canyon area, two tributary axes are sourced on the slope and are associated with curved 

failure scarps reaching several meters to tens of meters in length, whereas the other two 

tributary axes seem to propagate further upslope towards the Lansdowne Bank and the 

Fairway Reef areas, outside of our swath bathymetry data coverage. In the second canyon 

area, most tributary canyons are again sourced on the slope being delimited by up dip failure 

scarps, yet at least two tributaries seem to propagate towards the Fairway Ridge (Figure 3). 

Here, canyons incising the slope are 30 to 150 m deep. Along with these features, an irregular 

undulation field is imaged west of the first canyon area. This irregular undulation field is 

comprised between 1000 and 1400 m water depth and seem to have a radial arrangement. The 

wavelength of these undulations is greater than 1 km and their amplitude is less than 50 m. 

This field covers an area of more than 1500 km² (50 x 30 km). In the central Fairway Basin, 

canyons of the northern Fairway Basin merge into a main channel, which crosses the basin 

with a NW-SE trend (Figure 6). This channel is barely visible on bathymetrical data due to its 

low relief (20-40 m deeper than the surrounding seafloor) but is clearly visible on backscatter 

data which also allow the identification of a channel-mouth lobe in the southern part of the 

Fairway Basin (Figure 6). Backscatter data highlight a braided network formed by several 
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partly buried channels that are overlapping over a wide area (8 500 km²) and that merge into a 

single channel distally (Figure 6). These features most likely represent abandoned channel 

meanders due to a southward migration of the channel axis. Of particular note is the NE-SW 

oriented tributary channel that heads towards the New Caledonia Basin with a 90° angle on 

the side of the main channel that heads towards the southern Fairway Basin (Figure 6). 

Subbottom echosounding data above the channel area comprise transparent and chaotic echo-

types (i.e. likely to represent gravity flow deposits) (Figure 6). Migrating meanders seem 

correlated with echo-facies T1 and high backscatter reflectivity values highlight recent 

turbidite events. Regarding the channel-mouth lobe, this depositional zone is characterized by 

a high reflectivity (3500 km²) on backscatter data (Figure 7). Deposits are evidenced by a thin 

chaotic or transparent lenses on subbottom echosounding data, with a maximum thickness of 

about 15 m (Figure 7). However, older lobe deposits are not clearly observed on seismic data, 

probably due to the presence of MTDs (see section 4.3) and/or to the insufficient resolution of 

the seismic data.  

4.2.2. Lateral failure scarps of the Lord Howe Rise slope 

The eastern Lord Howe Rise seafloor slope, in the southern part of the Fairway Basin, is 

affected by prominent scarp failures, which we regrouped into two main composite failure 

scarps (Figure 8). The northernmost composite scarp A (Figure 10A) affects a 50 km-long 

area and has been subdivided into a northern, central and southern part. The northern part is 

12 km long, relatively regular and the deepest (between 2060 and 2600 m water depths). It 

presents lateral escarpments that are up to 80 m high (Figure 8). The central part is 15 km 

long and is marked by significant bathymetric variations in its escarpments, ranging from 40 

to 80 m high (Figure 8) giving it an irregular aspect. The southern part is 5 km long and is 

shallower (between 1880 and 2500 m water depths; Figure 8), however its lateral escarpment 

can reach up to 120 m high. Slope values along the escarpments are high (~10°). Subbottom 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

15 

 

echosounding data reveal continuous and regular deposits (Bedded diffused facies) that 

suggest post-slide pelagic sedimentation (Figure 8). Composite scarp B is more than 100 km 

long and is located further south (Figure 8). It is very complex due to many internal 

bathymetric variations (<50 m) whose a large failure scarp area characterized by high slope 

values (~10° on a 10 km wide area). In this area, along with these failure scarps, the slope of 

the Lord Howe Rise also shows seafloor undulations whose crests are oblique with respect to 

the maximum slope direction (α ≈ 70°; Figure 9). These undulations are characterized by 1 to 

2 km wavelengths and pluri-metric amplitudes of several tens of meters (<50m; Figure 9).  

4.2.3. Pockmarks and polygonal faults 

Along with gravity-related features, we document sparse post-depositional features 

conforming to pockmarks or chimneys in the Fairway Basin. These are evidenced on 

subbottom echosounding data by elongated, convex depressions of the seafloor (Figure 10). 

However, these depressions have a diameter of around 100m, which makes them hardly 

recognisable on the available 100 m resolution bathymetric grid. Conversely, bathymetric data 

reveal extensive polygonal networks on the seafloor (Figure 11). These kilometre-scale 

polygons (~1-2 km diameter) are evidenced by bathymetric variations of around 10 m heights 

(Figure 11) and are distributed heterogeneously over the basin, with a tendency to cluster in 

patches in areas of low slope values (slope values ranging from 0 to 0.6°). On subbottom 

echosounding data, such polygonal networks are associated with highly faulted series with 

kilometric wavelengths that are directly associated with the surface polygons seen on 

bathymetric data (Figure 11). These polygons correspond to polygonal fault networks 

affecting the seabed. We estimate that about 20% of the area of the Fairway basin is 

concerned. 
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4.3.  MTDs of the Neogene-Quaternary interval of the Fairway Basin 

The Neogene-Quaternary interval of the Fairway Basin is affected by several mass transport 

deposits (MTDs) which are imaged on seismic data as discontinuous, erosional units with a 

typical transparent to chaotic seismic character (Figure 12). We document about thirty 

individual MTDs based on our detailed seismic analysis of Unit Fw1a (Figure 12 and Figure 

13). These MTDs are only seen within the upper part of unit Fw1a, i.e. in sub-unit Fw1a1 

composed of middle Miocene oozes. In terms of stratigraphic constrains on the relative timing 

of MTD emplacement, the absence of a good well calibration on the Neogene-Quaternary 

series limits reconstructions. However, correlation of continuous seismic reflections in 

between individual MTDs was used to elaborate a relative chronology and MTDs were 

numbered accordingly.  The associated gravity deposits cover an area of more than 16 000 

km² of remobilized sediments (Figure 12E). These MTDs are distributed into two main mass 

transport complexes: a Northern Complex and a Southern Complex (Figure 12E). The latter 

seems to be directly correlated with the failure scarps imaged on bathymetric data on the 

eastern slope of the Lord Howe Rise eastern slope. 

Northern complex 

The northern complex is localized in the northern part of the Fairway Basin (Figure 12E). It is 

composed of four main MTDs (MTD03, MTD08, MTD10 and MTD13), only identified on 

seismic data and that most probably originated from the Lansdowne Bank and Fairway Ridge 

slopes (Figure 12A). MTDs have an erosive base and are interbedded with high amplitude 

reflections, possibly representing interbedded turbidites and pelagic deposits (Figure 12A). 

All but one MTDs occur in the proximal part of the basin; the exception, MTD13 is situated 

deeper in the basin (Figure 13). 
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Southern complex 

The southern complex is situated in the southern part of the Fairway Basin (Figure 12E), east 

of the composite failure scarps identified on surface data and described in section 4.2.2. It is 

organised following three main depositional areas (Figure 12). Area A is localized around 

24°S and is affected by three MTDs originating from composite scarp A (Figure 12E). Again, 

MTDs were identified on seismic data as discontinuous chaotic units that interrupt stratified 

and subhorizontal high to moderate amplitude units, most likely representing pelagic 

sediments with a erosively base (Figure 12C and D). This area contains the largest MTD 

imaged on seismic data, reaching around 130 m in thickness (MTD 21 on Figure 12C). Area 

B is localized between 24°10’and 25°20’, south of Area A (Figure 12E). It contains the 

largest number of MTDs (10 events identified, Figure 12 and Figure 13). These MTDs are 

coming from Composite Scarp B, are partly amalgamated and have highly erosive bases 

which cross-cut underlying deposits (including MTDs) (Figure 12D). The stack of these 

MTDs exceeds 200 m in thickness (Figure 12E). Area C is localized south of Area B and is 

composed of relatively restricted MTDs (50 to 1300 km²) likely to be sourced again from 

slopes of the Lord Howe Rise but also from the Fairway Ridge seamounts. The corresponding 

failure scarps are not imaged on bathymetric or subbottom echosounding and seismic data, 

and are possibly buried by post-failure sediments. Based on the seismic mapping of individual 

MTDs and their stratigraphic relationships we constructed an evolution scheme of their 

relative timing (Figure 13). We propose that the Fairway Basin underwent at least 10 stages of 

slope failures during the Neogene-Quaternary (Figure 12 and Figure 13). Stages 2 to 9 have 

generated most MTDs. Stage 2 is characterized by numerous MTDs in areas A and B (Figure 

13). Stage 9 seems to correspond to a generalized failure event leading to the deposition of 

widespread MTDs over the Fairway Basin (Figure 13). The dynamics of MTDs appears to be 

a southward migration of the events from stage 2 to 8 (Figure 13). Of particular note is that all 
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MTDs have erosive bases that truncate underlying deposits, including previous MTDs. This 

suggests that MTDs can be remobilized by subsequent events, modifying their original 

thickness and extent, but also that inter-MTDs sediments can be reworked. Therefore, the 

provided maps of the extent of mass deposits (Figure 12 and Figure 13) correspond to a 

minimum size. 

4.4.  Seismic character of post-depositional features  

Seismic data suggest that the bulk of the pockmarks identified on surface data are now 

inactive, since they are typically overlain by flattening upward reflections, which are likely to 

correspond to hemipelagic draping of the original depressions (Figure 14A). Regarding 

polygonal faults, as already documented by Rouillard et al. (2017), on higher penetration 

seismic data, unit Fw1a (Figure 14) is affected by faults, whose number, dips and throws 

point to polygonal faults. The fault density within the interval is variable. These faults seem to 

root on the BSR and/or on the regional Eocene-Oligocene unconformity (Figure 4). Mapping 

of these polygonal faults is limited by the quality/density of the dataset, but they seem to be 

ubiquitous on the Lord Howe Rise, its slopes, and in the Fairway Basin. The combination of 

pockmarks and polygonal faults (Figure 14) strongly suggests fluid escape processes in the 

Fairway Basin, which we discuss in section 5. Polygonal faults do not affect the MTDs in the 

same manner (Figure 12C and D). MTDs of Area A are affected by these faults, whereas only 

the deepest MTDs of Area B are cut by these faults. 

 

Undulations observed on bathymetry along the slopes of the Lord Howe Rise are seen on 

seismic data (Figure 14B) and these show that they are only developed in the post-Oligocene 

unit. They do not show a migration directions (Figure 14B), can be crosscut by polygonal 

faults or alternatively drape them (Figure 14B). 
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5. Discussion 

Pelagic carbonate sedimentation is likely to be dominant in the recent sedimentary dynamics 

of the Fairway Basin, however our surface and subsurface characterisation show that two 

main types of gravity-related features are unevenly distributed in the basin: (1) the northern 

part of the basin is dominated by a carbonate turbidite system with a dominance of turbidite 

features, such as channels and lobes; (2) the southern part of the basin appears to be 

dominated by mass transport processes, with MTDs and derived from failure scarps of lateral 

bounding slopes. We discuss in the following section the potential control parameters on the 

axial turbidite systems (notably the possible link with shallow water environments), as well as 

the triggering factors leading to slope failures. 

5.1. Dynamics of the axial turbidite system 

Our multibeam and subbottom echosounding analysis highlights a NW to SE oriented, axial 

gravity system (i.e. down the main depositional dip of the Fairway Basin). This turbidite 

system is primarily sourced from the Lansdowne Bank and Fairway Reef areas, and is 

organized longitudinally into three main morphological domains, similar to those of 

siliciclastic turbidite systems: (i) a proximal canyon areas associated with slope failure scarps, 

(ii) a transitional area with sinuous channels and (iii) a distal depositional area evidenced on 

the present day seafloor by a channel mouth lobe on the southern Fairway Basin. These 

features extent over a distance of approximately 300-400 km, which is relatively significant 

for modern carbonate turbidite systems, which are typically in the order of 50-200 km (e.g. 

150 km for the southwestern Australia margin, Exon et al., 2005; 40 km for those of Little 

Bahama Bank, Mulder et al., 2012; Tournadour et al., 2017). In the absence of higher 

resolution seismic data, extensive cores in channels fills and lobes, as well as of a complete 

swath coverage of the Lansdowne Bank and northern Fairway Ridge, it remains difficult to 
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discuss the source of reworked sediments as well as the detailed processes controlling the 

distribution and evolution of associated seafloor features. However, the few superficial cores 

from the ZoNéCo-05, S232 and ZoNéco-12 (Auzende, 1999; Exon, 2004; Foucher, 2006) 

cruises scattered throughout the Fairway Basin (Figure 2B) all recovered pelagic ooze 

sediments. This suggest that very few sediments derived from shallow water environments of 

the Lansdowne Bank and Fairway Reef reached the basin. However, these oozes can 

correspond to in-situ pelagic deposits but also to slope sediments reworked through gravity 

processes. In that sense, all canyon heads that are imaged on our swath data are located on the 

slope and are closely associated and bordered by arcuate failure scarps. This may suggest that 

canyons are formed by retrogressive headward erosion from an initial intra-slope failure 

rather than by downslope erosion associated with turbidity flows (e.g. Pratson and Coakley, 

1996) or density cascading (e.g. Wilson and Roberts, 1992). This formation model has been 

proposed for the carbonate slope of northern Little Bahama Bank (Mulder et al., 2012; 

Tournadour et al., 2017) or for the mixed carbonate siliciclastic systems of the northeastern 

Australian margin (Puga-Bernabeu et al., 2011), which are comparable to our case study. 

Such model is consistent with our given dataset and would imply that, at least for the early 

stage of canyon formation, most of the reworked sediment would be derived from the slope 

rather than from the updip shallow water environments. That being said, the presence of 

shallow water faunas in coarse-grained bioclastic sands interbedded within pelagic oozes in 

the late Miocene to Pleistocene section recovered by DSDP 587, combined with the high 

backscatter values of the channel and lobes suggest that coarse-grained sediments derived 

from the platform can be reworked into the deepwater surrounding basin. The possible 

connection between slope systems and the shallow water system is hardly resolved with our 

dataset but one can consider that, following the updip propagation of canyon through 

retrogressive erosion, canyon heads could reach the platform margins and contribute to the 
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reworking of shallow water sediment to deepwater environments. Relative sea level 

fluctuations likely played a significant role on the nature and volume of sediments reworked 

in the deepwater basin. Indeed, in the classical model of “highstand shedding” carbonate 

production and platform-derived sediment fluxes are thought to increase during periods of 

high relative sea level (Droxler and Schalger, 1985; Grammer and Ginsburg, 1992, Schalger 

et al., 1994), and would be preferential periods of platform aggradation of slope 

oversteepening, during which gravity destabilisitations and sediment reworking towards 

deepwater environments would be favorised. In any cases, it remains difficult to quantify the 

respective role of such turbidite system in the Neogene to recent infill of the Fairway Basin 

(i.e. unit Fw1a) compared to mass destabilisation from lateral bouding slopes evidenced by 

MTDs in the stratigraphy and to in-situ pelagic sedimentation. 

5.2. Nature of undulations fields 

Undulation fields are developed along the slopes of the Lord Howe Rise, the Lansdowne 

Bank and the Fairway Ridge. The location and geometry of the northern undulation field 

(located close to submarine canyons, wavelength of about 1 km, amplitude up to 10 m, 

irregular morphology) is consistent with sediment waves generated by turbidity currents 

(Wynn and Stow, 2002). On the other hand, the undulation field developed along the Lord 

Howe Rise slope is not clearly associated to any canyon or erosional features, thus its origin is 

more contentious. It could correspond either to the draping of polygonal faults, to current-

related bedforms (sediment waves), or to surface creep deformation, possibly associated with 

polygonal faulting at depth (Figure 9 & Figure 14B). The amplitude and wavelength of the 

undulations are similar to those of polygonal faults (Figure 9 and Figure 11), but they are 

linear and do not have a polygonal geometry. The amplitude, wavelength and slope value of 

this field are too low to match creeping (Wynn and Stow, 2002). The lack of evidence for 

migration could be due to the orientation of seismic lines relative to the orientation of crests 
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(Figure 9 and Figure 14B). However, the weak angle between the undulation and the 

maximum slope could point to bottom current sediment waves (Figure 9A). Such 

interpretation is also consistent with the depositional environment (on a slope/rise) of these 

features (Wynn and Stow, 2002). Finally, a “combined” scenario could be considered, where 

this undulation fields would consist of bottom current sediment waves formed on the irregular 

surface linked to polygonal faults. 

5.3. Potential triggering mechanisms of MTDs 

Numerous MTDs affect the unconsolidated ooze section of the Fairway basin-fill (subunit 

Fw1a1) over an area that represents more than 20% of the Fairway Basin (Figure 12, Figure 

13 and Figure 15). Hence, over the Neogene-Quaternary interval, an important part of the 

sediments of the Fairway Basin were transfered into the basin by mass transport processes. 

These MTDs are sourced from two different locations: one from the Lansdowne Bank and 

Fairway Ridge slopes, and the other from the eastern slope of the Lord Howe Rise. Submarine 

landslides are typically known to be triggered by three mechanisms: (1) tectonic activity 

(seismicity, volcanism or vertical motions), (2) high sedimentation rates and sediment 

overloading, (3) overpressure related to fluid circulation (e.g. (Austin et al., 1988; Jo et al., 

2015; Schlager et al., 1988; Tournadour et al., 2017)) Here, even though episodic intraplate 

volcanic activity occurred during the Tertiary (Exon et al., 2004; Higgins et al., 2011; Van de 

Beuque, Auzende, Lafoy and Missegue, 1998), the tectonically stable context of the basin 

since the Late Eocene (Collot et al., 2008; Rouillard et al., 2017) potentially rules out the 

tectonic scenario. Because the upstream part of the northern complex is poorly imaged, it is 

difficult to discuss its origin. It likely originates from the slope instabilities of the Fairway 

Ridge but it could also be related to the turbidite system sourced further north on the 

Lansdowne Bank and Fairway Reef areas. MTDs of the southern complex are genetically 

linked to composite scarps visible on the seafloor of the Lord Howe Rise slope, whose surface 
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slopes are significantly lower than the northern sector (1.4° along the Lord Howe Rise versus 

1.5-3° and up to 6° along the Lansdowne Bank). The MTDs are exclusively located within 

sub-unit Fw1a1 (i.e. within the ooze layer), which indicates that the unconsolidated nature of 

the sediments, their low resistance to deformation due to the high proportion of water is a key 

factor of destabilization. The sedimentation rate of unit Fw1a1 (ooze deposits) is 14 m/Ma at 

site DSDP 208 (Burns et al., 1973). Together these very low sedimentation rates and slope 

values on the Lord Howe Rise do not seem sufficient to explain alone the occurences of the 

MTDs of the southern complex. Indeed many studies show that a rapid sediment load over 

under-consolidated sediments can trigger slope destabilisation on very gentle slopes (<1°) by 

generating excess pore pressure which reduces shear strength, such as in the Mississippi delta 

(Adams and Roberts, 1993; Flemings et al., 2008; Prior and Coleman, 1982). On the other 

hand, gentle slopes with low rates of sediment loading are classically considered as more 

stable, and alternative mechanisms are typically discussed in the triggering of submarine 

landslides. For instance the emblematic Storegga Slide occurred along slopes of ca 1° and the 

formation of gas hydrates is thought to be the triggering mechanism (Mienert et al., 2003). 

The undulation field observed along the slopes of the Lord Howe Rise is juxtaposed with the 

main composite scarps associated to the southern complex. These features that we interpret as 

being sediment waves suggest the presence of bottom currents, known to induce diagenetic 

induration surfaces (Jobe et al., 2011), that could precondition slope destabilizations. 

Unfortunately the oceanic circulation model of this area does not integrate water mass under 

600 m water-depth (Cravatte et al., 2015). The numerous occurrences of fluid escape features 

(e.g. pockmarks and polygonal faulting) in the basin are indicative of substancial fluid 

circulation. Because fluid overpressure is known to lead to a decrease of basal friction and to 

facilitate fault mechanics, shear strength decrease and gravity destabilizations (Mourgues and 

Cobbold, 2003, 2006; Mourgues et al., 2009), we argue that the role of fluids in the Fairway 
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Basin could also be prominent in triggering the MTDs. Five potential sources are discussed 

below: (1) fluids derived from cretaceous mud diapirs, (2) fluids derived from cretaceous 

organic matter-rich source rocks; (3) fluids derived from buried Eocene turbidite channel 

systems (Rouillard et al., 2017); (4) fluids intrinsically related to the polygonal fault network; 

(5) fluids derived from the Opal A-CT diagenetic transition (Nouzé et al., 2009) and (6) fluids 

expelled during the ooze to chalk diagenetic transition. 

(1) The syn-rift unit of the Fairway Basin stratigraphy (unit Fw2b) is characterized by diapir 

of likely muddy composition (Auzende et al., 2000; Rouillard et al., 2017). Some fluid escape 

related seismic signatures (e.g. seismic wipe-outs and reflection push-ups; Figure 4) above 

these diapirs suggest that they could provide fluids. That said, none of the diapirs are located 

directly beneath the source of MTDs (i.e. along the slopes where the failure scarps are 

observed). Fluids could migrate sideways but fluid escapes features (e.g. chimneys) rather 

indicate vertical migrations, at least up to the base of Fw1a. 

(2) Unit Fw2b possibly contains organic matter-rich series that could have lead to the 

generation of hydrocarbons which could also have provided thermogenic fluids and possibly 

gas. (Kroeger and Funnell, 2011) modelled different scenariis and showed that hydrocarbons 

are likely to have been produced in large quantities. These fluids could have lateral migration 

pathways even though no strong evidences are observed in the existing dataset. 

(3) Unit Fw1b is characterized by v-shaped seismic features interpreted as eocene deep-water 

channels along the slopes of the Lord Howe Rise and the Fairway Ridge (Rouillard et al., 

2017). This turbidite system could have played a role in the fluid circulation as a reservoir, or 

as a fluid provider by dewatering (Gay et al., 2003; Haskell et al., 1999; Gay et al., 2006; 

Pilcher and Argent, 2007). Because of the low resolution of the existing dataset, the extent of 

these channels is unkown. 
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(4) As shown on surface and subsurface data in this paper, unit Fw1a is affected by an 

extensive polygonal fault network reaching the seafloor (Figure 11 and Figure 14). It is 

known that fluids can be released during the onset of such polygonal fault systems (Gay and 

Bernt, 2007; Cartwright, 2011). In this process, water is expelled by differencial compaction 

(dewatering) and migrates upwards along polygonal faults within the unit.  Furthermore, some 

authors (Gay and Bernt, 2007) consider that they can result in multiple phases of fluid 

generation/expulsion as sedimention, loading and compaction progresses. The presence of 

fluid escape structures (pockmarks; Figure 10 and Figure 14A) above polygonal faults is an 

additional evidence for fluid expulsion along polygonal faults. 

(5) Polygonal fault networks are known to provide good fluid migration pathways through a 

low permeability media (Gay and Bernt, 2007). Of important note is that this interval of 

polygonal faults is systematically rooted on the regional Eocene-Oligocene unconformity that 

marks the transition from pure carbonate chalks (corresponding to seismic subunit Fw1a) to 

underlying silica-rich chalks (corresponding to seismic unit Fw1b). At all DSDP sites on the 

Lord Howe Rise, the physical properties crossing down this boundary show a drop in sonic 

velocity, a drop in bulk density and an increase of porosity (Burns et al. 1973). These 

gradients are due to the presence of silica-rich fossils such as sponge spicules and radiolarians 

beneath the unconformity (Burns et al., 1973). They also induce a reverse polarity reflection 

on seismic data (Nouze et al., 2009) that is observed regionally (Stratford et al, 2018). 

Beneath the unconformity, within the calcareous silica-rich sediments (seismic unit Fw1b), a 

regional BSR interpreted as the Opal A- Opal CT diagenetic transition (Nouzé et al., 2009) is 

observed on seismic data. This type of mineralogical transition is known to produce important 

volumes of fluids (Davies and Cartwright, 2007; Hesse, 1990; Isaacs et al., 1983). Volpi et al. 

(2003) invoke a rate of pore water expulsion at the diagenetic front of 5 m
3
my.

-1
 (1.6 x 10

-13
 

m
3
s

-1
) through each square metre of the sediment surface. We suggest that as fluids are 
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generated they migrate upwards within the porous silica-rich unit Fw1b and use the polygonal 

fault network to migrate through unit Fw1a because the porosity and permeability of unit 

Fw1a are lower. For this reason and because of the widespread extent of this BSR, we suggest 

that it could be a major fluid provider participating to the functioning of the polygonal fault 

network and to the triggering of MTDs. The absence of seismic data across the scarps does 

not allow to discuss the possible relations between polygonal faulting and MTDs, notably the 

possibility that the failure scarps could be embedded within a polygonal fault. 

(6) An ooze to chalk transition also occurs within the Neogene-Quaternary unit. This 

diagenetic transition is also known to release fluids, possibly along the irregular surface at the 

boundary between ooze and chalks. This transition also creates rapid sediment consolidation 

gradients and associated porosity decrease that can have the potential to generate slope failure 

(Urlaub et al., 2015). 

Although very large submarine landslides predominantly occur along slopes less than 2° 

(Urlaub et al., 2015) the factors controlling their triggering remains contentious and a full 

understanding is complicated by the lack of observations. In the case of the southern MTD 

complex of the Fairway Basin, the failure conditions were most probably reached by 

overpressuring related to interactions with fluids. The Opal A – Opal CT front seems to be the 

best candidate to generate such fluids because it is widely observed and the polygonal faults 

could likely precondition slope failure. 

Conclusions 

The Neogene to Quaternary interval of the Fairway Basin (Fw1a unit) is a great example of a 

deepwater carbonate sedimentary system in a passive tectonic context. The base of Fw1a unit 

corresponds to an Eocene tectonic unconformity, often coincident with a BSR linked to an 

Opal A-Opal CT transition. This Fw1a unit can be subdivided in two parts due to the presence 
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of the ooze-chalk diagenetic limit. The ooze of the upper part can reach 300 m of thickness. 

Despite the absence of any notable tectonic activity and high sedimentation rates, the 

carbonate Neogene-Quaternary series of the Fairway Basin are affected by gravity flows 

whose distribution seems to be constrained by structural inheritance. The axial carbonate 

turbidite system extends over most of the Fairway Basin but dominates the northern part of 

the basin, which is characterized by high surface slope values and carbonated slopes as 

sediment source (Lansdowne Bank and the Fairway Reef). The proximal part of this axial 

system is characterized by an updip propagation of canyons through retrogressive erosion. 

Some canyon heads could reach the platform margins and also contribute to the reworking of 

shallow water sediment to deepwater environments. Around 30 MTDs were mapped in the 

Fw1a1 sub-unit, characterized by an unconsolidated nature (ooze), and they cover more than 

20% of surface of the Fairway Basin. MTDs noticeably dominate the southern part of the 

basin. MTDs of the southern complex come from Lord Howe Rise which is in turn 

characterized by deep waters (>1000 m) and low seabed slope values (< 1.4°). The MTDs are 

frequently associated with a number of fluid migration/escape features (i.e. Opal A – Opal CT 

front and polygonal faults) suggesting these could play a role in triggering the MTDs. 
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Figure 1 : Localisation of the Fairway Basin on northern Zealandia, South-West Pacific 

(bathymetric data from Global Predicted Bathymetry V18.1; (Sandwell et al., 2014)). Red 

dots correspond to DSDP wells. NC: New Caledonia; AUS: Australia; NZ: New Zealand; Va: 

Vanuatu. 

Figure 2: Overview of data used in this study A. Bathymetric map at a 100 m resolution grid 

with location of the figures provided in this paper; B. Backscatter imagery map at a 100 m 

resolution grid, with location of seismic reflection profiles, subbottom echosounding profiles, 

cores and dredges. Data compiled from different acquisition surveys (see text for details). 

Figure 3 : Seafloor morphologies of the northern Fairway Basin, in the Lansdowne Bank and 

Fairway Reef areas. A. Bathymetric map overlain on French navy maritime map; B. 

Backscatter map with interpretation of main seafloor features. LB: Lansdowne Bank. FR: 

Fairway Reef, FS: Failure scarps. 

Figure 4: A. Interpreted strike-oriented seismic line GA-206-01 showing the structure and 

seismic stratigraphy of the Fairway Basin, adapted from Collot et al. (2017)(vertical 

exaggeration: 22; location on Figure 2); B. Seismic stratigraphy and chrono-lithological 

constrains on the Fw1a unit on the Lord Howe Rise (DSDP 208). C. Seismic stratigraphy and 

chrono-lithological constrains on the Fw1a unit on the northern Fairway Basin (DSDP 587, 

projected). Vertical Exaggeration: 15; position on Figure 2, italic numbers corresponding to 

depth below seafloor; after Collot et al., 2009) 

Figure 5: Echo-facies map of the Fairway Basin based on the interpretation of subbottom 

echosounding profiles. See Table 1 for details on the echo-facies classification. 
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Figure 6:  A. Backscatter map of the central Fairway Basin with interpretation of a submarine 

channel pathway (NCB: New Caledonia Basin; FWB: Fairway Basin). B. Subbottom 

echosounding profile through the channel (vertical exaggeration: 20; position on Figure A). 

Figure 7: A. Backscatter map of the southern Fairway Basin showing a depositional lobe 

located at the mouth of the channel of Figure 6. B. and C. Subbottom echosounding profiles 

through the lobe area (vertical exaggeration: 20; positions on Figure A).  

Figure 8: A. Composite failure scarps of the southern Fairway Basin. A. Bathymetric map of 

Scarp A; B. Bathymetric map of Scarp B; C. Backscatter map of Scarp A; D. Backscatter map 

of Scarp B; E. Subbottom echosounding section through Scarp A; F. Subbottom 

echosounding section through Scarp B; (vertical exaggeration: 20; position on Figures A and 

C). 

Figure 9: Seafloor undulations of the eastern Lord Howe Rise slope in the southern Fairway 

Basin. A. Bathymetric map highlighting the angle of the crests of these undulations relative to 

the maximum slope (crest undulations in grey). B. Downdip oriented subbottom 

echosounding profile across these seafloor undulations showing amplitude and geometries of 

undulation and a dominance of bedded-wavy echo-facies (vertical exaggeration: 40; position 

on Figure A). 

Figure 10 : Subbottom echosounding profile showing pockmarks of the southern Fairway 

Basin (vertical exaggeration: 40; see location in Figure 2). 

Figure 11: Polygonal seafloor features associated with polygonal faulting in the southern 

Fairway Basin. A. Bathymetric map showing polygonal fault network. B. Subbottom 

echosounding profile across polygonal seafloor features showing a dominance of bedded-

faulted echo-facies, likely due to polygonal faults (vertical exaggeration: 20; position on 

Figure A).  
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Figure 12: Destabilized complexes. A. Section view of the turbiditic system and northern 

complex (vertical exaggeration: 15; see location on Figure E). B. Section view of the southern 

complex (vertical exaggeration: 28, location in black dotted line on Figure D); C. Interpreted 

section view of the MTDs of the southern complex Area A (vertical exaggeration: 15; M: 

multiple & grey arrows: fluid migration structures; see location on Figure E); D. Interpreted 

section view of the MTDs of the southern complex Area B (vertical exaggeration: 9; dotted 

grey line: multiple; see location on Figure E). E. Isopach map of northern and southern 

complexes. 

Figure 13: Schematic maps of the distribution of Mass Transport Deposits determined on 

seismic data showing their relative timing of emplacement based on seismic stratigraphic 

relationships (The black outlines correspond to the composite scarps and the hashed area 

correspond to previous MTDs).  

Figure 14 : Relationships between polygonal faults, pockmarks and seafloor undulations as 

seen in seismic section (vertical exaggeration: 6; see location in Figure 2); A. Example of 

seafloor depressions (pockmarks) distributed over polygonal faults affecting seismic unit 

Fw1a. B. Example of seafloor undulations developed above polygonal faults, likely due to 

post-faulting pelagic sediment draping of faults. 

Figure 15: Annotated schematic map showing the distribution of the main surface and 

subsurface features identified in this study within the Fairway Basin. The basin is 

characterised by (1) a ca. 400 km-long axial channel-lobe turbidite system essentially sourced 

by the Lansdowne Bank and Fairway Ridge areas in the northern Fairway Basin and by (2) 

significant lateral inputs derived from large scale destabilisations of bounding slopes (i.e. 

Lord Howe Rise and Fairway Ridge). 
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Figure 16 : Line drawing interpretation of the Fairway Basin stratigraphy summarising 

direct/indirect fluid evidences, possible fluid origins and hypothetic migration pathways in the 

Fairway Basin (vertical exaggeration: 22, see location on Figure 2) 

Table 1 : Classification of echo-facies 
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Table 1 
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Highlights 

 

Title: “Neogene-Quaternary architecture and sedimentary processes on an isolated carbonate-

fed deep-water basin (Fairway Basin, Southwest Pacific)"  

 

F. Pattier, S. Etienne, J. Collot, M. Patriat, E. Tournadour, W. Roest, P. Rouillard.  

 

-A basin isolated from terrestrial sediment sources during Neogene 

-Mainly neogene sedimentary processes occurred in unconsolidated unit (Ooze) 

-Gravity process (turbidites, MTDs) are the dominant sedimentary process 

-Slope values, fluids and lithological/diagenetic boundaries could control MTD dynamics 

-Distribution of main sedimentary process is constrained by a structural inheritance 
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