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Abstract : 
 
The New Caledonia Trough (NCT) is a 2000–3000 m deep bathymetric feature that extends 2500 km 
from Taranaki, New Zealand, to the western margin of New Caledonia (Northern Zealandia, SW 
Pacific). The underlying sedimentary basin originates from Cretaceous extension, but underwent a 
significant Eocene tectonic event that shaped its present physiography. We present an analysis of the 
basin based on multibeam data, seismic profiles and rock samples collected on the TAN1312 and 
TAN1409 Expeditions onboard R/V Tangaroa, combined with legacy data. We focus on the southern 
part of the basin, where new data reveal a link between compressive deformation of Paleocene strata 
and their potential reworking into the basin. On the western basin side, Upper Cretaceous to Paleocene 
strata were deformed by local reverse faults and folds that created a sub-circular bathymetric ridge and 
seabed exposure. This folded unit (seismic Unit 2) is sharply overlain by a restricted interval imaged as 
chaotic high-amplitude reflections that are interpreted as syntectonic mass-transport deposits due to 
slope oversteepening (seismic Unit 1b). This unit is stratigraphically below the main basin onlap surface 
and seismic mapping revealed that it rapidly thins away from the mouth of a present day submarine 
canyon imaged on the western slope of the basin, and that is diverted by exposures of Unit 2 deformed 
strata. Deformed and syntectonic intervals are in turn overlain by a flat-lying unit (seismic Unit 1a) we 
interpret as reflecting a passive basin fill. Our new data provide insight into an extensive deep-water 
basin that is remote from terrigenous sediment sources, and new constraints on its Cenozoic tectonic 
history. Stratigraphic ages are constrained by seismic ties to Taranaki basin petroleum wells and 
biostratigraphic dating of dredged samples. This specific site has particular significance for 
understanding tectonic events in the southwest Pacific. Indeed, our observations show that deformation 
is younger than the Paleocene and is envisaged to be a local expression of a widespread Cenozoic 
compressive event (called “TECTA”, Tectonic Event of the Cenozoic in the Tasman Area), which 
affected the region after the Mesozoic rifting. On a regional perspective, this study provides new insights 
on the evolution of the submerged Zealandia continent and associated geodynamic processes such as 
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Gondwana break-up and initiation of the Tonga-Kermadec subduction. 

 

Highlights 

► We present a surface and seismic analysis of the Southern New Caledonia Trough. ► Basin margins 
show Cenozoic compressive features and mass transport deposits. ► A prominent present-day 
submarine canyon is possibly inherited from this event. 

 

Keywords : Zealandia, New Caledonia Trough, Deepwater basin, Syn-tectonic deposition, Submarine 
canyon, Sediment waves 
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syntectonic mass-transport deposits due to slope oversteepening (seismic Unit 1b). This unit 30 

is stratigraphically below the main basin onlap surface and seismic mapping revealed that it 31 

rapidly thins away from the mouth of a present day submarine canyon imaged on the 32 

western slope of the basin, and that is diverted by exposures of Unit 2 deformed strata. 33 

Deformed and syntectonic intervals are in turn overlain by a flat-lying unit (seismic Unit 1a) 34 

we interpret as reflecting a passive basin fill. Our new data provide insight into an extensive 35 

deep-water basin that is remote from terrigenous sediment sources, and new constraints on 36 

its Cenozoic tectonic history. Stratigraphic ages are constrained by seismic ties to Taranaki 37 

basin petroleum wells and biostratigraphic dating of dredged samples. This specific site has 38 

particular significance for understanding tectonic events in the southwest Pacific. Indeed, our 39 

observations show that deformation is younger than the Paleocene and is envisaged to be a 40 

local expression of a widespread Cenozoic compressive event (called “TECTA”, Tectonic 41 

Event of the Cenozoic in the Tasman Area), which affected the region after the Mesozoic 42 

rifting. On a regional perspective, this study provides new insights on the evolution of the 43 

submerged Zealandia continent and associated geodynamic processes such as Gondwana 44 

break-up and initiation of the Tonga-Kermadec subduction. 45 

Introduction 46 

The New Caledonia Trough (NCT) is an extensive (>2000 km long, >300 km across) 47 

deep-water basin that is remote from terrigenous sediment sources. The southern shallow-48 

water termination of the NCT physiographic trough is called Taranaki Basin, where there are 49 

many exploration wells. However, there is relatively sparse seismic data and almost no 50 

borehole information in the rest of the NCT (Fig. 1). There is no established lithostratigraphy 51 

for the NCT, and scarce data on the sedimentary processes controlling its infill. Based on the 52 

interpretation of geophysical data in the broader Tasman Frontier area, a regional-scale 53 

seismic-stratigraphic framework has been proposed (Bache et al., 2014a), and tectonic 54 

models identify Cretaceous rifting followed by a profound Paleogene tectonic event that 55 

included Tonga-Kermadec subduction initiation (Collot et al., 2008, Collot et al., 2009; 56 
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Sutherland et al. 2010; Sutherland et al., 2012; Bache et al., 2012; Bache et al., 2014a; 57 

Sutherland et al., 2017). Eocene tectonic processes may have created the present 58 

physiography, caused uplift of surrounding ridges, and subsidence of the NCT (Sutherland et 59 

al., 2010). Widespread contraction that involved only a small amount of shortening 60 

accompanied this event (Sutherland et al., 2017). The detailed timing of events and nature of 61 

tectonic processes remains largely unknown. There has been scarce analyses of the 62 

sedimentary architecture of this vast sedimentary basin. Late Eocene wave-cut planation 63 

surfaces on the Reinga and West Norfolk ridges have been linked with Reinga Basin 64 

depocenters (Bache et al., 2014b), but evidence for Paleogene syntectonic deposition 65 

remains undocumented within the NCT (Fig. 1). In this study, bathymetric, seismic and 66 

dredge sample data are used to characterise stratal relationships that will ultimately bring 67 

new insights onto how and when basin formation, deformation, erosion, and deposition 68 

occurred. Our study provides a framework for understanding a deepwater basin which does 69 

not follow classical rifting models, notably in terms of subsidence history and physical 70 

properties of the crust (Baur et al., 2014; Hackney et al., 2012, Sutherland et al., 2010). The 71 

understanding of this basin is also significant in the wider atypical context of the Zealandia 72 

continent, considered as a unique geodynamic end member being the youngest, thinnest 73 

and mostly submerged of all earth continents (Mortimer et al., 2017a). 74 

1. Regional settings and background studies 75 

1.1 Tectono-stratigraphy of the SW Pacific 76 

The NCT is part of the Tasman Frontier area in the southwest Pacific (Fig. 1), and is 77 

closely related to the Mesozoic-Cenozoic geodynamic evolution of the Gondwana and 78 

Zealandia continents. Details of the Paleogene tectonic history are still debated (see the 79 

recent review of Matthews et al., 2015), but there is general agreement on the main tectonic 80 

phases. Eastern Gondwana was bounded by an active margin near Norfolk Ridge, where the 81 

Pacific Plate was subducted towards the southwest (present day frame of reference) during 82 

Triassic to Early Cretaceous times (Sutherland, 1999; Mortimer et al., 2008). During the Late 83 
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Cretaceous (from ca. 100 Ma), continental extension of the eastern Gondwana margin 84 

occurred (Gaina et al., 1998) and was associated with intracontinental asymmetric rifting to 85 

create the Tasman Sea basin (Lister et al., 1991). Continental ribbons formed ridges such as 86 

the Lord Howe Rise and Challenger Plateau (Fig. 1). By ca. 83 Ma, extension resulted in 87 

lithospheric breakup and ocean crust formation in the Tasman Sea (Burns and Andrews, 88 

1973; Uruski and Wood, 1991; Gaina et al., 1998; Sutherland, 1999). Rifting isolated a 89 

significant continental fragment of Gondwana, which is now called Zealandia (Luyendik, 90 

1995; Mortimer, 2008, Mortimer et al., 2017a).  91 

Seafloor spreading in the Tasman Sea ceased at around 52 Ma (Gaina et al., 1998), 92 

signaling a new Paleogene compressive regime in the northern Tasman Sea. South of New 93 

Zealand, seafloor spreading continued, but was re-organized such that a new rift boundary 94 

was created orthogonaly to the extinct Tasman spreading ridge and started splitting southern 95 

New Zealand (Sutherland, 1995). Within Zealandia, Eocene-Oligocene unconformities are 96 

found in New Zealand and at Deep Sea Drilling Project (DSDP) sites in the Tasman Frontier. 97 

Unconformity development has been interpreted as deriving from bottom-current reworking 98 

caused by the onset of the Antarctic Circumpolar Current (Kennett et al., 1972; 1975). 99 

Alternatively, recent studies provide convincing evidence that this depositional hiatus may 100 

have a tectonic origin (Collot et al., 2008; Sutherland et al., 2010, Bache et al., 2012; Baur et 101 

al., 2014, Rouillard et al., 2017; Sutherland et al., 2017), and would be associated with the 102 

onset of Australia-Pacific plate convergence and Tonga-Kermadec (TK) subduction initiation. 103 

This event was called “TECTA” (Tectonic Event of the Cenozoic in the Tasman Area) and is 104 

thought to include uplift, ridge erosion, compressive deformation, and tectonic subsidence in 105 

the order of 1.5 km in the NCT (Sutherland et al., 2010; Baur et al., 2014; Sutherland et al., 106 

2017).  107 

Following these Paleogene events, most of the region underwent generalised 108 

subsidence, from the Oligocene to Recent, with TK subduction roll-back leading to opening 109 

of oceanic back-arc basins such as the Norfolk and South Fiji Basin (see Herzer et al., 2011). 110 
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In addition, the Oligocene to Recent time period sees the development of intra-plate 111 

volcanism, such as on the Lord Howe Rise (see Van de Beuque et al., 1998; Exon et al., 112 

2004, Mortimer et al., 2010; Mortimer et al., 2017b). 113 

1.2 The New Caledonia Trough: present-day physiography and origin 114 

The NCT is a northwest-oriented, 2500 km long, 300 km wide bathymetric feature 115 

with a depth of 1000 to 3500 m (Fig. 1). This deep-water basin extends from the western 116 

margin of New Caledonia to distal parts of Taranaki Basin in New Zealand. It is bounded by 117 

the Fairway Ridge, Lord Howe Rise (LHR), and Challenger Plateau to the west and by the 118 

Norfolk and West Norfolk ridges to the east. It was subdivided by Hackney et al. (2012) into 119 

northern, central and southern areas, the latter corresponding to the Aotea Basin, which 120 

shows clear evidence for Mesozoic rifting (see Collot et al., 2009). The continuity of this 121 

physiographic domain, and relatively similar stratigraphic patterns from north to south, 122 

suggest a common origin. However, details of the age and formation mechanisms of the 123 

NCT remain contentious.  124 

It has been proposed that the NCT physiography is inherited from Late Cretaceous 125 

intra-continental rifting, and that the basin has recorded minor or no Cenozoic deformation 126 

(Burns and Andrews, 1973; Uruski and Wood, 1991; Lafoy et al., 2005; among others). A 127 

more recent hypothesis (Sutherland et al., 2010) considers two tectonic phases: a) a first 128 

phase related to Cretaceous rifting that created depocenters across the region, and b) a 129 

subsequent phase of anomalous subsidence from Paleogene to Oligocene times, without 130 

significant faulting. The latter phase is proposed to have overprinted the earlier phase to 131 

produce the large-scale elongate physiography of the NCT. Its mechanism of subsidence is 132 

related to convergent plate motions that led to the inception of the Tonga Kermadec 133 

subduction (Collot et al., 2008, Collot et al., 2009 Sutherland et al., 2010, Baur et al., 2014, 134 

Sutherland et al., 2017). Although this Eocene tectonic event is consistent with regional 135 

observations, there is a lack of integrated studies that describe and analyse the erosional 136 

products associated with unconformity development.  137 
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1.3 Regional seismic sequence stratigraphy and stratal relationships 138 

Seismic stratigraphic units and subunits used in this paper were defined on the basis 139 

of the regional-scale seismic sequences defined in Bache et al. (2014a). This stratigraphic 140 

framework (Fig. 2), which was also used as the basis for a recent detailed seismic-141 

stratigraphic study of the Fairway Basin (Rouillard et al., 2017), comprises three 142 

megasequences related to the regional tectonic phases of Zealandia (see previous section): 143 

(1) eastern Gondwana active subduction margin (Zealandia Unit 3, Permian to Early 144 

Cretaceous); (2) extensional syn-rift to post-rift margin accompanying Gondwana breakup 145 

(Zealandia Unit-2, Late Cretaceous to Eocene); and (3) compressive to passive regimes 146 

following the onset and roll-back of the TK subduction zone (Zealandia Unit-1, Late Eocene 147 

to Recent).  148 

The three regional stratigraphic megasequences are delimited by unconformities 149 

(RU2 and RU1 in Bache et al., 2014a). RU2 is an unconformable surface between Unit 3 and 150 

Unit 2, and usually truncates Unit 3 strata. It is onlapped by Unit 2 strata and is thought to be 151 

of Late Cretaceous age (ca. 105-65 Ma). Unit 2 comprises a syn-rift detrital unit (Unit 2b) 152 

followed by a deep-marine post-rift unit (Unit 2a). The upper unconformity (RU1) separates 153 

Unit 2 from Unit 1, and corresponds to a regional Eocene-Oligocene hiatus.  154 

This RU1 unconformity corresponds to a depositional hiatus of variable timespan, 155 

reaching 35 Ma. It is a disconformable surface within basins (typically overlain by flat-lying 156 

strata with onlap configuration), and is typically paraconformable on ridges. Its erosional 157 

character is subtle on seismic-reflection profiles, but spectacular examples of truncations in 158 

folded Paleogene strata have been documented in the Reinga Basin (Bache et al., 2014c; 159 

Sutherland et al., 2017), and in the southern LHR close to DSDP sites 207 and 592 (Fig. 1). 160 

The inferred detrital products from this tectonically-induced erosional surface form the poorly-161 

dated Unit 1b, which is a focus of this paper. The top unit, Unit 1a, corresponds to 162 

subsidence-related deep-water sediments of Oligocene to Recent age, and is imaged on 163 
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seismic-reflection data as: a) flat-lying undeformed reflections that onlap basin margins, and 164 

b) drape units on ridges that have relatively constant thickness (Figs. 3 and 4) .  165 

2. Data and methods 166 

This study is primarily based on multi-channel seismic-reflection profiles, multi-beam 167 

seafloor bathymetry, backscatter imagery, and dredged rock samples collected in 2013 and 168 

2014, onboard RV Tangaroa, during the TAN1409 and TAN1312 Expeditions.  169 

The TAN1409 Expedition acquired new geophysical data at sites in the Tasman Sea 170 

(Sutherland et al., 2014) as a site survey for IODP drilling (Expedition 371, Sutherland et al., 171 

2015). High-resolution multi-channel seismic data were acquired using a 48 channel, 600 m 172 

streamer and a single 45/105 in3 Generator Injector air gun operated at 200 psi with shot 173 

spacing at 25 m. Processing was done using GNS GLOBE CLARITAS seismic processing 174 

software, and data were time migrated using water velocity. Swath bathymetry and 175 

backscatter imagery were acquired using a Kongsberg EM302 multibeam echo-sounder.  176 

The TAN1312 Expedition collected multi-beam data with the same EM302 echo sounder, 177 

and dredged key stratigraphic units exposed at the seabed in the Reinga and Aotea 178 

(southern NCT) basins (Bache et al., 2014c). We use results derived from mineralogical, 179 

petrological and paleontological studies on these samples (Browne et al., 2014, Browne et 180 

al., 2016). Further details regarding data equipment, acquisition and processing of these 181 

expeditions can be found in the corresponding expedition reports (Sutherland et al., 2014; 182 

Bache et al., 2014c).  183 

We use data from the Tasman Frontier Geophysical database (Sutherland et al., 2012), 184 

which consists of a public compilation of seismic-reflection data from various sources (both 185 

industrial and academic) between Australia, New Zealand and New Caledonia (France). We 186 

notably use lines from the 114 survey of the Australian Geological Survey Organisation 187 

(AGSO, 1992), with technical details of acquisition being available in Marshall et al. (1994).  188 
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Maps provided in this paper were produced using the ArcGis software (ESRI). Seismic-189 

reflection data were interpreted using Kingdom Suite software (IHS), using key concepts in 190 

seismic sequence stratigraphy (e.g. configuration of seismic reflection terminations, 191 

continuity, and inference of unconformities; see Mitchum et al. 1977; Vail et al., 1977; 192 

Catuneanu, 2006). Particular attention was given to identifying variability of seismic facies 193 

and stratal relationships, to characterise bedform geometries and discuss their origins in 194 

terms of sedimentary processes, with implications for syn-sedimentary deformation. 195 

3. Results  196 

3.1 General seismic stratigraphy and structure of the Southern NCT 197 

This paper focuses on the southern NCT (Fig. 1B, NCTS site of Surtherland et al., 2014), 198 

situated on the western slope of the basin, at the base of LHR western margin. In this area, 199 

the NCT is slightly narrower than the rest of the trough (120-170 km-wide at its base) and 200 

water depths are in the order of 3000 m. The stratigraphic and structural context of the study 201 

area is inferred from two parallel northeast-oriented seismic-reflection lines that cross the 202 

NCT (lines 114-02 and 114-04; Figs. 3 and 4 respectively), and by a long regional line that 203 

follows the basin axis (line TL01; Fig. 5). These lines image the three regional seismic 204 

megasequences presented in Section 1.  205 

Seismic Unit 3 corresponds to the acoustic basement and is characterised by chaotic or 206 

transparent seismic facies, yet some dipping reflections are locally present. This unit is 207 

affected by numerous faults of unknown extension in depth and is potentially bounded at its 208 

top by the RU2 regional unconformity.  209 

Seismic Unit 2 is characterised by moderate- to high-amplitude continuous seismic 210 

reflections of variable dip. On the western margin of the NCT, normal faults affect Units 2 and 211 

3 on the northern line (114-02, Fig. 3); whereas reverse faults with associated folds in Unit 2 212 

are imaged on the western border of the basin on the southern line (114-04, Fig. 4). Folded 213 

and faulted strata are part of a deformed interval described by Collot et al. (2009). 214 
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Deformation affects Unit 3 and Unit 2 along a distance of around 90 km on the TL01 line (Fig. 215 

5), but the broader extent of deformation is difficult to determine due to the sparse data.  216 

Seismic Unit 1b is characterised by variable moderate- to high-amplitude continuous 217 

seismic reflections that either onlap or downlap onto Unit 2. On the eastern margin of the 218 

basin, downlap onto a slightly disrupted interval occurs, and is interpreted as prograding 219 

sediment wedges derived from subaerial erosion and/or transgressive wave ravinement of 220 

the West Norfolk Ridge (Figs. 3 and 4), as evidenced by flat planation surfaces (Sutherland 221 

et al. 2010). The overlying Unit 1a is composed of continuous subhorizontal moderate-222 

amplitude reflections that onlap Unit 2 and Unit 1b within the NCT, and is a blanket of semi-223 

continuous low-amplitude reflections on the basin flanks. It is interpreted as recording a 224 

passive deepwater infill of the basin, accompanied by pelagic drape on the basin flanks. The 225 

following sections of this paper focus on the western margin of the basin, where compressive 226 

folding occurs and detailed relationships between seismic units and unconformities are 227 

revealed by our new dataset.  228 

3.2 Surface analysis of the NCTS Site 229 

Detailed morphological analyses of bathymetric and backscatter imagery maps were 230 

carried out (Figs. 6 and 7). The maps cover part of the LHR eastern slope over a c. 1700 km2 231 

surface area extending from around 1800 m to 3000 m water depth. Here, the most 232 

prominent bathymetric feature is a 30 km-long, 2-3 km-wide and up to 250 m-deep 233 

submarine canyon that is apparently diverted by a sub-circular bathymetric ridge that is the 234 

surface expression of folded Unit 2 strata seen on seismic-reflection profiles (Figs. 4 and 5). 235 

The ridge is clearly imaged on backscatter imagery and associated with high reflectivity 236 

values that suggest exposure of lithified strata. This was confirmed by the TAN1312 dredge 237 

of lithified Paleocene mudstone (Browne et al. 2017).  238 

In an up-dip direction, the submarine canyon terminates at a curved headscarp located 239 

close to several highly-reflective small mounds that we interpret as volcanic edifices. A 240 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Etienne et al.: Deepwater sedimentation and Cenozoic deformation in the Southern New Caledonia Trough  

 

10 

 

volcaniclastic sediment apron is interpreted radially from the largest edifice. In a downdip 241 

direction, the low-sinuosity canyon widens at the slope-break towards a canyon mouth area 242 

that has a ~10 m high lobate relief on the present day seafloor (Figs. 6 and 7). We interpret 243 

this as a recent canyon-mouth lobe (Fig. 7). On backscatter imagery, both the canyon floor 244 

and associated lobe do not show high reflectivity values, which suggest limited present day 245 

sediment transport of soft fine-grained material.  246 

Adjacent to the canyon, the slope of the NCT has 50-100 m-high, and typically 500 m-247 

wide (when isolated) topographic escarpments, which we interpret as slope failure scarps 248 

(Fig. 7). In some places, they merge to form composite scarps, notably in the southern part 249 

of the study area. In addition to these features, the eastern side of the bathymetric ridge 250 

diverting the canyon is marked by a series of arcuate, up to c. 150 m-high escarpments with 251 

convex shapes facing down the slope (“arcuate escarpments”, on Fig. 7). These features are 252 

organised into a series of sub-parallel and laterally-discontinuous ridges oriented parallel to 253 

the slope that have amplitudes varying from c. 500 to 1000 m. These localised features are 254 

relatively well-imaged on the backscatter imagery, with high reflectivity values associated 255 

with the crests of the ridges.  256 

There are several scattered volcanic edifices in the area, some of them being 257 

associated with linear topographic depressions that we interpret as small gullies caused by 258 

sediment gravity flow pathways. The largest of the volcanic features is composed of 259 

Oligocene (29 ± 2 Ma) basalt (Mortimer et al. 2017b). 260 

3.3 Description of seismic units and sub-units 261 

3.3.1 Unit 1a 262 

Unit 1a is present both on the LHR slope and within the NCT. It forms the uppermost 263 

seismic unit in the study area, and its upper boundary corresponds to the seafloor. It 264 

comprises two sub-units with distinct seismic characters that are separated by an onlap 265 
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surface: within the NCT we mapped sub-unit 1a1; and on the LHR slope we mapped sub-unit 266 

1a2.  267 

Sub-unit 1a1 is bounded to the west by a basal onlap surface that dips towards the 268 

basin (dashed line in Figs. 8, 9 and 10). The sub-unit comprises variable high- to low-269 

amplitude continuous flat-lying parallel reflections. Subtle angular unconformities are 270 

interpreted, a character that may be associated with localised erosion. The onlap 271 

configuration towards the basin margin causes the stratigraphic thickness of sub-unit 1a1 to 272 

vary from 1.3 s twt in the northeastern part of the survey area to a complete pinch-out at the 273 

LHR present-day toe-of-slope.  274 

Sub-unit 1a2 is restricted to the LHR slope. It is substantially thinner (0-0.4 s twt), and 275 

is characterised by variable seismic character and complex geometry, as shown in Figure 11. 276 

It is bounded at its base by an irregular surface associated with high-amplitude discontinuous 277 

reflections (see section on Unit 1b). Although variable, sub-unit 1a2 typically comprises 278 

moderate- to low-amplitude inclined reflections organized into onlapping or downlapping 279 

reflections that are tilted updip (towards the west) along the LHR slope (Fig. 11B). However, 280 

on seismic lines situated on the eastern flank of the bathymetric ridge that diverts the 281 

canyon, sub-unit 1a2 comprises complex stacks of undulating to locally contorted reflections, 282 

which are developed on the irregular top of Unit 1b. These geometries are organised into 283 

asymmetrical sets with steep and short downslope-dipping flanks and gentler longer upslope-284 

dipping flanks (Fig. 12C). Internal reflections are typically parallel to the upslope dipping flank 285 

and can be in places traced between sets (Fig. 12C). Additionally dome-shaped, nearly 286 

symmetrical geometries are observed (Fig. 12D). In a strike direction, sub-unit 1a2 is marked 287 

by wavy geometries accumulated on the depositional dip (Fig. 11C). Apart from these 288 

complex features, small erosional features flanked by wedge-shaped geometries are 289 

interpreted as leveed gullies (Fig. 10), as observed on the seafloor bathymetry (Fig. 7 and 290 

section 3.2). 291 

3.3.2 Unit 1b 292 
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On the LHR Unit 1b is delimited at its base by a surface of truncation (Figs. 4 and 8) 293 

suggested by reflection toplaps in the underlying Unit. Near the axis of the NCT, this lower 294 

surface is paraconformable in most places (Figs. 4 and 5). The upper boundary of Unit 1b is 295 

irregular and its exact position is hard to define. We define it as the top of discontinuous high-296 

amplitude reflections (HARs, figs. 8, 9 and 10).  297 

Unit 1b typically comprises seismic reflections with relatively higher amplitude than 298 

the other seismic units, with an overall disrupted character. Reflections have low lateral 299 

continuity in both dip (Figs. 8 and 9) and strike (Fig. 10) directions. In some places, typically 300 

towards the top of the unit, dome-shaped geometries or hyperbolic (concave-up) 301 

discontinuous tilted reflections are observed, and there are northeast-dipping reflection 302 

packages (i.e. down the depositional dip). The latter are well developed in the northern part 303 

of the survey area, where Unit 1b is thickest and is imaged on the seismic line located at the 304 

mouth of the present day canyon (Fig. 9).  305 

A general thinning of Unit 1b is seen from north (canyon mouth area) to south (folded 306 

ridge). Thickness varies from 0.8 s twt on the northernmost line to less than 0.1 s twt on the 307 

southernmost line (Fig. 13). Because the unit is affected by deformation, stratigraphic 308 

correlations between the folded and canyon mouth areas are difficult in the lower part of the 309 

unit. 310 

3.3.3 Unit 2 311 

The upper part of Unit 2 is imaged on the TAN1409 seismic-reflection profiles. The top 312 

boundary is the discontinuous surface at the base of Unit 1b. The basal bounding surface is 313 

not imaged on TAN1409 data, but corresponds to acoustic basement on the 114 and TL01 314 

surveys (Figs. 3, 4 and 5). Unit 2 is composed of moderate- to low-amplitude continuous 315 

subparallel reflections that are locally folded and affected by reverse faulting. With the given 316 

dataset it is difficult to precisely determine the orientation of the anticline axis that is 317 
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associated with the main fault, but a NNW-SSE direction can be inferred from the combined 318 

analysis of seismic-reflection data and the orientation of the bathymetric ridge (Fig. 13).  319 

4. Interpretation and discussion 320 

4.1 Stratal relationships and interpretation of Unit 1 321 

4.1.1 Unit 1a: basinal and slope sedimentation 322 

The seismic character of sub-unit 1a1 suggests passive infill of the NCT. The flat seabed of 323 

the axial NCT and the strongly-layered internal character of seismic reflectors beneath it, 324 

suggest deep-water sedimentation in the form of fine-grained turbidites and hemipelagites or 325 

pelagites. The former abruptly pinch out laterally towards bounding slopes. Turbidity flow 326 

processes might be responsible for localised erosion in sub-unit 1a1, where axial channels 327 

and/or lateral lobes rework and entrain older sediment. We suggest that Neogene to present-328 

day axial turbidites in the NCT are primarily sourced from the Taranaki Basin (King and 329 

Trasher, 1992; Baur et al, 2010). This is consistent with the continuous gentle slope of the 330 

NCT between deep-water Taranaki and DSDP Site 206 (Fig. 1). There was a steady 331 

increase in terrigenous sediment supply during the last 20 Ma (King and Trasher, 1992), a 332 

character consistent with the increased clay content in the uppermost unit at DSDP 206 333 

(Section 4.2). Subsidiary lateral sediment inputs to the NCT from intra-slope failures on the 334 

LHR and Western Norfolk Ridge margins are also significant. In fact, bathymetric data reveal 335 

gullies and canyons that feed restricted depositional fans at the base of slope, similar to 336 

those imaged on our survey area (Fig. 7).  337 

Sub-unit 1a2 has more complex seismic reflection geometry than sub-unit 1a1 and is, 338 

therefore, more difficult to interpret. Moreover, its boundary with Unit 1b and Unit 2 is in 339 

places uncertain. A first interpretation would consider that this subunit comprises deep-water 340 

slope sediments that represent coeval deposition with sub-unit 1a1. In such a scenario, the 341 

onlap surface between sub-units 1a1 and 1a2 would correspond to a lateral facies change 342 

between basinal and slope deposits (i.e. a pseudo-unconformity rather than a time-343 

equivalent angular unconformity). Axial turbidite deposits of subunit 1a1 would pinch-out 344 
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laterally onto the slope with onlap configuration, whereas slope sedimentation (subunit 1a2) 345 

would be dominated by aggrading pelagic and hemipelagic fallout complemented by down-346 

slope currents. Similar configurations have been described in the ancient rock record (Smith, 347 

2004; Smith and Joseph, 2004) and using seismic data (Badalini et al., 2000). A second 348 

interpretation would be to consider that Unit 1a2 does not represent contemporaneous 349 

deposits of Unit 1a1. In this scenario, subunit 1a2 would predate subunit 1a1 and be part of 350 

Unit 1b (as suggested by Sutherland et al., 2017, their Fig. 2B) or Unit 2. This would imply 351 

that, in this particular area, sedimentation rates on the slope are much lower compared to 352 

those in the basin, i.e. very few sediments would accumulate on the slope while the basin is 353 

being filled. This requires very low sedimentation rates on the slope compared to the axial 354 

basin fill and/or significant removal of sediment. Data from DSDP sites on the Lord Howe 355 

Rise (DSDP 207-208 and 588-593) reveal 300 to 500 m of Oligocene to Neogene pelagic 356 

ooze sediment cover, therefore, assuming homogeneous background sedimentation, active 357 

mechanisms must be involved to prevent sediments from accumulating at such high rates on 358 

the slope in our study area. This difference in sedimentation rates between the top of the 359 

ridge and the slope could be due to a sustained reworking of sediments by alongslope or 360 

downslope currents or, alternatively, sediment removal by gravity induced destabilisations. 361 

This is compatible with sub-unit 1a2 geometries, notably those in its uppermost intervals (Fig. 362 

12). Such complex geometries, comprising the arcuate escarpment” on surface data and the 363 

associated wavy to inclined reflections on seismic data (Figs. 8 and 12), can indeed be 364 

explained by either a) deposition of sedimentary bedforms originating from alongslope or 365 

downslope flow processes or b) gravity-driven internal deformation (i.e. slow creeps, slides or 366 

slumps).  367 

The distinction between slope failure and sediment flow processes as the generation 368 

mechanisms for such geometries is known to be difficult and controversial, and there are 369 

several examples where submarine landslides have been reinterpreted as migrating 370 

sediment waves (see Lee et al., 2002 or Berndt et al., 2006). Furthermore, the types and 371 
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modes of submarine flows at the origin of sediment waves are known to be diverse, and both 372 

turbidity currents and bottom currents can generate sediment waves (see Wynn and Stow, 373 

2002; Cartigny et al., 2011; Postma and Cartigny, 2014). In our case, based on the current 374 

dataset, distinguishing between these two possible origins is difficult. 375 

On the one hand, the asymmetrical shape of bedforms, thickness variations within 376 

reflection sets, the occurrence of internal unconformities, together with the position on an 377 

irregular truncation surface could favor deposition from submarine currents. In addition, the 378 

downslope orientation of the arcuate escarpments seen on the bathymetry, their dimensions, 379 

proximity to an erosional canyon, slope failure scars, and local leveed gullies could also be 380 

consistent with the presence of active downslope flow processes on the slope. Furthermore, 381 

it is known that irregularity and roughness of seafloor topography can favor sediment wave 382 

development through interactions between the flow and the surface beneath (Howe et al., 383 

1998; Ercilla et al., 2002; Cattaneo et al., 2004; Anderskouv et al., 2010; among others). A 384 

good candidate for such irregular topography is the upper surface of deformed Unit 1b. 385 

Pushing this former interpretation further, on the basis of morphological parameters 386 

(asymmetry, orientation, dimensions) and seismic character, such geometries could be 387 

interpreted as originating from down-slope super-critical flows i.e. cyclic steps (sensu Parker, 388 

1996, Fildani et al., 2006  or Cartigny et al., 2014). The observed apparent bedding, which 389 

are typically up the depositional dip, are also an additional evidence that could suggest an 390 

up-current migration of bedforms generated by super-critical turbidity flows (Symons et al., 391 

2016).  392 

On the other hand, other observations can, in turn, favor the slope creep origin. The 393 

geometries seen on seismic-reflection data are not always continuous between each sets, 394 

which is a significant criteria to distinguish sediment waves from submarine creep (Lee et al., 395 

2002; Lee and Chough, 2001). This could suggest the presence of small displacement faults 396 

or shear planes between creep folds (see the model of Shillington et al., 2012), offsetting 397 

reflections and creating bathymetric escarpments on the seafloor. In that sense, the apparent 398 
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dips observed among the whole sub-unit, typically oriented in an upslope direction (Figs. 10 399 

and 11) could suggest a post depositional block tilting rather than an upslope migration of 400 

individual deposits. Additionally, strong similarities both in terms of planform geometry and 401 

seismic character with recent published examples in the northern South China Sea (He et al., 402 

2014; Li et al., 2016) are compelling, yet our current dataset does not allow to clearly identify 403 

the typical component of a slide complex (ie., extensional and compressional zones).  404 

In summary, the existing set of observations do not allow to favor one interpretation, 405 

and we also point out the possibility of having a combination of both creep and flow process 406 

to explain the complex geometries observed within seismic Unit 1a2. Indeed, it is possible to 407 

envisage that the topography generated by creep-features could form the rough and steep 408 

seafloor necessary to the development of sediment waves. Lastly, strong deep currents are 409 

known to exists in the region, as strongly suggested by the very continuous large scale 410 

submarine dunes observed on multibeam data on the crest of the Norfolk and Reinga Ridge 411 

(see Fig. 18 of Collot et al., 2016). 412 

4.1.2 Unit 1b syntectonic unit 413 

The thickness of Unit 1b is greatest close to the mouth of the canyon (Fig. 9 and 11D) and 414 

progressively decreases away from it to form a fan-shaped depocenter.  Chaotic to 415 

downslope oriented geometries are observed within Unit 1b near the canyon mouth. Unit 1b 416 

is unconformable on the deformed Unit 2 and lies beneath the undeformed onlap surface of 417 

Unit 1a. The basal strata of Unit 1b appear to reflect compressive deformation, which is 418 

consistent with the stratigraphic position of Unit 1b, and are inferred to have been uplifted 419 

onto the ridge.  420 

Regarding the lithology of such deposits and their environment of deposition, the high-421 

amplitude character of most of the associated reflections is likely to be explained by either 422 

bedded heterolithic beds (ie. vertically heterogeneous), possibly related to variable volcanic 423 

inputs. We cannot rule out other hypotheses to explain the high-amplitude reflections from 424 
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this unit, such as diagenetic alteration of silica-rich beds (Opal-A/Opal-CT BSR, see Nouzé 425 

et al., 2009). Our preferred interpretation in terms of depositional environment, based on 426 

seismic character, spatial distribution and information from available nearby DSDP wells (eg. 427 

206, 207) is that Unit 1b corresponds to a relatively restricted mass transport complex or 428 

basin floor fan. This interpretation is also supported by the configuration of correlative 429 

deposits on the other opposite margin of the basin (Figs. 3 and 4), where Unit 1b has clear 430 

downlapping and wedge geometries. In addition, given the chaotic complex internal 431 

character of Unit 1b, mass wasting processes must have been involved in the deposition of 432 

these packages, and are consistent with renewed tectonic activity and topographic slope 433 

creation at the time of deposition of Unit 1b.  434 

4.2 Lithological and stratigraphic constrains  435 

The only borehole that has sampled and dated the NCT basin fill is DSDP 206 (Burns and 436 

Andrews, 1973; Burns et al. 1973; Kennett et al. 1975), which is situated at the northern tip of 437 

the Aotea Basin where the NCT narrows to c. 200 km-wide between West Norfolk Ridge and 438 

LHR (Fig. 1).  439 

DSDP Site 206 lies at 3196 m water depth on the eastern flank of an elongated bathymetric 440 

ridge associated with an acoustic basement high on seismic-reflection data, interpreted as a 441 

compressional structure of Late Eocene to middle Oligocene age by Burns et al. (1973). A 442 

734 m-thick succession of bathyal calcareous biogenic oozes was recovered. Four units 443 

were distinguished: (i) Early Miocene to Recent unconsolidated nannofossil ooze with 444 

foraminifera and minor volcanic ash (0-389 m below sea floor, bsf); (ii) Oligocene to Early 445 

Miocene semi-lithified foraminiferal-bearing nannofossil ooze to clay-rich nannofossil ooze 446 

(389-614 m bsf); (iii) Middle to Late Eocene slightly deformed and lithified radiolarian-rich 447 

nannofossil ooze (614-677 m bsf); and (iv) Early Paleocene to Middle Eocene deformed 448 

(slumped to locally inverted) semi-lithified calcareous ooze and clay with minor chert (70-49 449 

Ma; 677-734 m bsf). The regional Eocene-Oligocene unconformity (RU1) is found between 450 

units ii and iii, and a Paleocene-Eocene hiatus (unconformity or structural break) is found 451 
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between units iii and iv. Of significance is the increasing clay content in DSDP 206 cores in 452 

the Early to Middle Eocene and during the middle Oligocene to Early Miocene, interpreted by 453 

Burns et al. (1973) as related to regional tectonic events.  454 

Correlations of lithological units in DSDP 206 with key seismic horizons on seismic data 455 

have previously been attempted (e.g. Collot et al., 2009) and facilitated by the TL-01 line that 456 

ties DSDP 206 to the Wainui-1 well along the axis of the NCT (Figs. 1 and 5). Eocene and 457 

Miocene reflectors can be traced along the axis of the NCT and onto the 114-04 seismic line. 458 

Sutherland et al. (2010) correlated the onlap surface of the NCT to the Eocene-Oligocene 459 

unconformity and suggested a Middle Eocene to Oligocene age for folding of Unit 2. Bache 460 

et al. (2012; 2014a) correlated regional unconformities and units in the NCT and LHR.  461 

Dredge samples were collected by the TAN1312 Expedition (Bache et al., 2014c) from 462 

slopes of the sub-circular bathymetric ridge at the NCTS site (Fig. 6). Dredged rocks 463 

comprised non-calcareous mudstones, basalt lavas, volcaniclastic hyaloclastite breccias and 464 

bedded sandstones (Browne et al., 2016), the latter two rock types being in direct contact in 465 

some samples. Petrographic and paleontological analyses were performed on mudstones, 466 

whereas petrographic analyses and radiometric dating were performed on basalts (Mortimer 467 

et al., 2017). Browne et al. (2016) report palynology determinations on a marine non-468 

calcareous siltstone of Early Teurian age (66-60 Ma; Early Paleocene). This sample 469 

originates from the folded Unit 2 (see location on Fig. 6 and projected location on seismic line 470 

of Fig. 4). Browne et al. (2016) suggest lithological and age similarities between these 471 

mudstones and the Whangai Formation from onshore New Zealand. Mortimer et al. (2017b) 472 

provide Ar-Ar groundmass ages of 27.7 ± 1.2 and 29.5 ± 1.5 (Early to Late Oligocene) on 473 

basaltic samples with intraplate geochemical signatures. These volcanic samples may be 474 

derived from small mounds (volcanic cones) near the apex of the ridge. 475 

In summary, Unit 2 contains Early Paleocene marine mudrocks, but may range in age from 476 

Late Cretaceous to Eocene, and pre-dates regional folding. The erosional surface we 477 

observe between Unit 2 and Unit 1b could correspond to the regional Eocene unconformity 478 
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(Sutherland et al. 2017). The precise age of Unit 1b remains to be determined at the NCTS 479 

site. We speculate that Unit 1b is composed of reworked pelagic sediment and that it is of 480 

Middle to Late Eocene in age. Unit 1a is inferred to have an Oligocene to Recent age and 481 

composed of pelagic sediment (nannofossil and foraminifera ooze and chalk) on the basin-482 

margin slopes. Distal turbidites with in situ or reworked pelagic sediment occur near to the 483 

NCT axis.  484 

4.3 Relative timing of deformation and vertical movements  485 

Sutherland et al. (2010) suggested that the present day physiography of the NCT was 486 

primarily formed during Eocene and Oligocene times, which record: (i) 1-2 km of tectonic 487 

subsidence along the NCT axis; (ii) uplift and shallow-marine erosion on the NCT flanks 488 

(LHR and West Norfolk Ridge); and (iii) subtle tilting, reverse faulting and folding of Late 489 

Cretaceous to Paleogene strata. Our study suggests a link between compressive 490 

deformation of Unit 2 strata, their syn-tectonic erosion on the western side of the basin, and 491 

deposition of Unit 1b. Unit 1b rests on the erosion surface that truncates Unit 2 strata and 492 

may be linked with formation and diversion of a submarine canyon, and the unit is overlain by 493 

onlapping undeformed Unit 1a strata.  494 

Deformation occurred after the Paleocene and before the deposition of Unit 1a. The nature 495 

and origin of Unit 1b is key to understanding the relative timing between deformation, 496 

topography development, and subsidence of the basin.  497 

A possible interpretation (hypothesis A) would be to consider Unit 1b as being deposited 498 

during the local deformation of Unit 2 strata, but before the main phase of subsidence of the 499 

NCT (fig. 14). This is consistent with the internal seismic character and spatial distribution of 500 

Unit 1b, which is inferred to be a basin-floor fan or mass-transport complex deposited close 501 

to the folded structure. In fact, such gravity related deposits could be triggered by increasing 502 

topography during deformation and examples of mass-transport deposits related to 503 
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tectonically induced slope oversteepening are numerous (eg Postma et al., 1993; Shillington 504 

et al., 2012, see the recent review of Alves, 2015 and references therein).  505 

Alternatively (hypothesis B) one could consider that the complex character of Unit 1b, as well 506 

as the downlapping intervals occurring on the opposite eastern margin (Figs. 3 and 4), 507 

records a phase of slope oversteepening and erosion, and therefore the early stages of NCT 508 

subsidence. The distribution of Unit 1b, which is restricted to the margins of the trough, its 509 

chaotic internal character, together with the inferred link to erosional surface on both 510 

adjacent ridges, are compatible with the unit being deposited in a setting similar to the 511 

present physiography of the basin.  512 

Slope creation at the basin margins, erosion and destabilization is likely to be linked with up-513 

dip planar erosion surfaces, potentially of subaerial origin, that reflect significant regional 514 

changes in base level. However, the origin and age of erosion surfaces remains unadressed. 515 

Oligocene capping limestone near the West Norfolk Ridge (Browne et al. 2017) is consistent 516 

with the hypothesis that they are linked to deposition of Unit 1b, which appears to be the 517 

earliest infill of the NCT, as suggested by a stratigraphic position below onlap relationships 518 

within Unit 1a. Stratigraphic relationships suggest that subsidence responsible for formation 519 

of the NCT happened after deposition and deformation of Unit 2 and continued during the 520 

early deposition of Unit 1. The whole area, including the LHR and NCT, subsided together 521 

with a wavelength much wider than the one responsible for the relative vertical motions of the 522 

LHR and NCT.  523 

5. Conclusions 524 

Multibeam, seismic-reflection data, and rock samples from the southern NCT reveal a 525 

stratigraphic link between deformation of pre-Eocene strata on the basin flanks, their erosion 526 

and potential re-deposition as Eocene mass-transport deposits at the base of basin-margin 527 

slope. These syntectonic deposits, situated below the main basin onlap surfaces within the 528 

NCT, suggest that basin-margin slopes increased and were destabilised at the time of 529 
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reverse-faulting and folding. New canyons formed that were locally diverted by growing folds, 530 

and basal strata within basin-floor fans deposited at canyon mouths were progressively 531 

deformed and uplifted. Subsequently, regional subsidence of >1 km and volcanic quiescence 532 

submerged adjacent ridges and produced the present basin setting. However, this could be 533 

before the final phase of subsidence of the basin, which postdates Cretaceous rift-related 534 

subsidence. We indeed discuss the relative timing between subsidence in the NCT and 535 

deposition and deformation of Paleocene strata. Along with these data, this study bring new 536 

elements regarding deepwater sedimentation in a basin largely isolated from major 537 

terrigenous sources, at the exception of New Zealand and New Caledonia. We highlight 538 

deposition of flat-lying axial turbidites and hemipelagites within the basin, onlapping onto 539 

complex slope bedforms. These bedforms, conforming either to deepwater sediment waves 540 

or creep deformation features, point to active flow or slope instabily processes on the basin-541 

margin slope.  542 

In terms of future work, further lithological, biostratigraphical, paleoenvironmental 543 

calibrations of the seismic units described in this paper will ultimately help decipher the 544 

precise timing and depositional records of the geological events involved in the genesis of 545 

the New Caledonia Trough and its subsequent evolution.  546 
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Figures and Figure Captions 

 

Figure 1: A. Regional bathymetric map of the South West Pacific between New Zealand and New 

Caledonia with position of the New Caledonia Through (NCT, dotted red line) and main geological 

features (AU: Australia, NZ: New Zealand, NC: New Caledonia, HP: Hikurangi Plateau, CR: Chatham 

Rise, NFB: North Fiji Basin, SFB: South Fiji Basin, NB: Norfolk Basin, RB: Reinga Basin, TB: Taranaki 

Basin, CP: Challenger Plateau, FB: Fairway Basin). Position of seismic data of the Tasman Frontier 

Database (Sutherland et al., 2012), Deep Sea Drilling Project (DSDP) sites and New Zealand’s 

petroleum wells are shown as solid black lines, red dots and yellow dots, respectively. Relevant wells 

for the stratigraphy of deepwater Taranaki and NCT are highlighted. B. Bathymetric map of the 

southern part of the NCT with location of the study area (NCTS Site) and position of the regional 

seismic lines shown in this paper (strike lines 114-02 and 114-04, figures 3 and 4 respectively and dip 

line TL-01, figure 5). Bathymetric data are from Global Predicted Bathymetry V18.1 (Smith & Sandwell, 

1997). 
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Figure 2: Regional scale first order seismic sequence scheme used in this study (adapted from Bache 

et al., 2014a and Rouillard et al., 2017) with main unconformities, inferred stratigraphic ages, 

distinctive seismic stratal patterns and associated key tectonic phases. This stratigraphic framework is 

thought to be overall consistent across northern Zealandia sedimentary basins (eg. New Caledonia 

Trough, Reinga Basin) and comprises three megasequences (U3, U2 and U1 from bottom-up) related 

to regional events, from Eastern Gondwana active margin (U3), Late Cretaceous syn-rift (U2b), Late-

Cretaceous-Paleocene post-rift (U2a) to Eocene compression (U1b) likely to be linked with subduction 

inception and subsequent Oligocene to Neogene roll-back (U1a). The two regional unconformities, 

RU2 and RU1, correspond to a rift onset / continental break-up (BU) composite unconformity and to 

the Eocene-Oligocene unconformity, respectively, the latter being interpreted as representing Tonga-

Kermadec subduction inception (TK SI).  
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Figure 3: A. Regional seismic line 114-02 across the southern NCT, between the Lord Howe Rise and 

West Norfolk Ridge (WNR). Line location is indicated on figure 1B. B. Schematic interpretation of line 

114-02 with regional scale seismic stratigraphic units (adapted from Bache et al., 2014a), from 

acoustic basement to faint chaotic/deformed reflections (Unit 3), deformed Late Cretaceous rift-related 

strata (Unit 2), onlapping to downlapping anisopaceous strata (Unit 1b) and undeformed basin infill 

with clear lateral onlap configuration of overall flat-lying reflections (Unit 1a). Note the Late Cretaceous 

normal faulting of Unit 2 on the western side of the basin but also the subtle folding of the unit along 

the axis of the trough. Blue, orange and red arrows indicate onlap, downlap and toplap configurations, 

respectively. 
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Figure 4: A. Regional seismic line 114-04 across the southern NCT, roughly parallel and 90km south 

of line 114-02 (Fig. 3). Line location is indicated on figure 1B. The section imaged by the seismic data 

of the TAN1409 Expedition is indicated by a black rectangle, on the western slope of the basin. B. 

Schematic interpretation of seismic line 114-04 with main seismic stratigraphic units (adapted from 

Collot et al., 2009; Bache et al., 2014a; Sutherland et al., 2010; 2017), from acoustic basement to faint 

deformed reflections (Unit 3), deformed rift-related strata (Unit 2), onlapping to downlapping strata 

(Unit 1b) and flat-lying deepwater basin infill with lateral onlaps (Unit 1a). On the western side of the 

basin, Unit 2 is folded potentially due to the reactivation of Late Cretaceous normal faults. This 

deformed structure is the focus of the TAN1409 seismic survey. Blue, orange and red arrows indicate 

onlap, downlap and toplap configurations, respectively. 
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Figure 5: A. Regional seismic line TL-01 along the southern NCT, crossing both lines 114 (see Fig. 1B 

for location). B. Schematic interpretation of line TL-01 showing regional seismic units, U3 to U1 

(modified from Collot et al., 2009). The area investigated by the TAN1409 survey is part of a larger 

scale deformed zone affecting Unit 2 strata over approximately 110 km in length. Blue, orange and red 

arrows indicate onlap, downlap and toplap configurations, respectively. 
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Figure 6: Swath bathymetry map of the study area, informally called New Caledonia Trough South site 

(NCTS) on the western margin of the NCT, ie. on the Lord Howe Rise eastern slope (multibeam data 

compiled from the TAN1409 and TAN1312 Expedition). Position of all data used in this study is shown. 

This includes multichannel seismic lines from the TAN1409 Expedition and Tasman Frontier Database 

(Sutherland et al., 2014, 2012 respectively) and rock sample dredges from the TAN1312 Expedition 

(Bache et al., 2014c; Browne et al., 2014; Browne et al., 2016; Mortimer et al., 2017). 
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Figure 7: A. Swath bathymetry map of the NCTS site with interpretation of main seafloor 

morphological features. The NE-dipping slope is affected by a 30 km-long and up to 250 m-deep 

submarine canyon imaged from its headscarp (CH: Canyon Head) to its mouth, feeding a relatively 

restricted, low-relief ~10 m-thick sediment lobe (CML: Canyon mouth lobe). The canyon is diverted by 

a small bathymetric ridge formed by the partial exposure of Unit 2 folded strata (see Fig. 4). Other 

gravity related features are visible, yet of smaller scale, such as failure scarps (FS) and linear gullies 

(G). Punctual, rounded bathymetric highs are thought to correspond to volcanic edifices (V). Arcuate 

ridges are clearly visible on the eastern side of the ridge toward the basin and could correspond either 

to turbidite sandwaves or creep related features (see details in the discussion). B. Backscatter 
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imagery map, revealing acoustic reflectivity of the seafloor. This map, primarily showing the degree of 

induration of seafloor sediments/rocks highlights high slope values as well as zones of potentially 

active slope resedimentation. Volcanoes and associated radial aprons of sediments are clearly 

imaged, as well as the ridge formed by the exposed strata of Unit 2. Although clearly identified on the 

swath bathymetry, the small-scale canyon-lobe system is not clearly associated with higher reflectivity 

values, suggesting relative canyon inactivity and/or poorly consolidated fine-grained sediments. C. 

SW-looking three-dimensional image of the NCTS bathymetry with main morphological features. 
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Figure 8: Multichannel seismic line NCTS-03 from the TAN1409 Expedition (A) and its summary line 

drawing interpretation (B). In comparison with line 114-04, this higher resolution line provides 

significant details on the seismic stratal relationships overlying the folded and inversely faulted 

structures of Unit 2. Folds are cut by an irregular erosional surface (RU1 unconformity?), evidenced by 

clear truncations of Unit 2 reflections. This unconformity forms the base of Unit 1b, which comprises 

high amplitude reflectors (HARs) displaying complex wavy to deformed geometries. Above this, Unit 

1a shows two distinct seismic facies, from flat-lying onlapping reflections in the basin (1a1) to upslope 

dipping reflections (1a2). Location of seismic line is provided on Figure 6. 
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Figure 9: Multichannel seismic line NCTS-01 from the TAN1409 Expedition (A) and its summary line 

drawing interpretation (B). This line, located at the mouth of the submarine canyon imaged on the 

swath bathymetry, reveals a very thick Unit 1b (up to c. 0.5s twt) composed of high amplitude 

reflectors (HARs), with chaotic to locally downlapping geometries (see close-upin Fig. 11). Note the 

thin, poorly erosive present day canyon-mouth lobe on top of Unit 1a1. Location of the seismic line is 

provided on Figure 6. 
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Figure 10: Multichannel seismic line NCTS-07 from the TAN1409 Expedition (A) and its summary line 

drawing interpretation (B). It reveals the across-strike geometry of the main seismic units which 

suggest anticlinal fold deformation and apparent thickening of Unit 1b towards the NNW. Across strike 

geometry of Unit 1a2 are also clearly imaged. Note the small-scale leveed gully on the right hand side 

of the seismic line, likely to be fed by reworked sediment coming off the nearby volcanoes. 
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Figure 11: Detailed examples of seismic facies and stratal relationships within and between seismic 

units differentiated in this study. A. Details of abrupt onlap configuration of flat-lying reflections of Unit 

1a1 onto more complex geometry reflections of slope unit 1a2. Note the high amplitude, wavy to 
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mounded reflections of Unit 1b, developed over a truncation surface (indicated by black arrows). B. 

Clearly upslope tilted reflections of Unit 1a2, onlapping onto Unit 1b high amplitude reflections. C. 

Seismic character of Unit 1b comprising a low amplitude, chaotic to transparent facies. D. Chaotic and 

higher amplitude reflections of Unit 1b, below the basinal onlap of Unit 1a1, situated at the mouth of 

the submarine slope canyon imaged on swath bathymetry. 

 

 

Figure 12: Close-up views on arcuate ridges (and associated troughs) on available swath bathymetry 

(A) and backscatter imagery (B). C. Seismic zoom on these undulating features. Internal reflections 

are parallel and upslope dipping, possibly reflecting upslope migration of turbidite bedforms or, 

alternatively slow internal deformation such as creep (location of line section is indicated on figure A). 

D. Seismic zoom on constructive(?) bedforms of Unit 1a2 as dome-shaped aggrading geometries 

overlain by discontinuous upslope dipping reflections. Note the limited thickness of Unit 1b, almost 

pinching-out onto the truncation surface on top of Unit 2 (location of line section is indicated on figure 

A.). 
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Figure 13: A. Schematic present day bathymetry map with direction of the main fold axis of Unit 2 

strata and talweg of the present day submarine canyon. B. Thickness (second twt) interpolation map 

of Unit 1b over the TAN1409 seismic grid (flex gridding interpolation) with 100m isobathymetric 

contours. Maximum thickness is reached at the mouth of the canyon and progressively decreases in 

the downslope and alongslope directions, forming an overall lobe-shaped depocenter. This might 

suggests a genetic link between Unit 1b and canyon-related deposition, either as mass-wasting events 

during canyon inception or as a canyon-mouth depositional lobe.  
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Figure 14: B. Conceptual summary cartoon explaining the stratigraphic relationships and possible 

origins of the unit and subunit differentiated in this study. 




