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Abstract : 
 
During the Plio-Quaternary, the Bonaparte Basin is characterized by a very wide (> 600 km, > 370 mi) 
carbonate platform and 200 km-wide (125 mi-wide) intra-shelf basin (the Malita ISB). Using 3D and 2D 
seismic data combined with exploration well data, this study characterizes the stratigraphic evolution of 
the Malita ISB during the last 3.5 million years. Two third-order transgressive sequences can be 
distinguished. A late Pliocene transgression occurred over an irregular topography resulting from the 
flexural reactivation of the Malita graben. In the centre of the intra-shelf basin, carbonate aggradation 
resulted in the formation of isolated carbonate platforms separated by deeper water seaways and inter-
platform areas. Wider and more numerous carbonate platforms developed on the edges of the intra-
shelf basin. During the late Quaternary, renewed flexural deformation initiated a second transgressive 
cycle marked by higher subsidence rates in the ISB centre than along its edges. High rates of 
accommodation creation (at third-order) combined with higher-frequency (fourth-order), high-amplitude 
fluctuating sea levels and increased clastic input resulted in the progressive demise and burial of the 
carbonate platforms in the ISB centre. Thus, the Plio-Quaternary stratigraphic architecture of the Malita 
ISB is strongly controlled by differential subsidence that controls spatial distribution of accommodation 
and ultimately platforms architectures.The Malita ISB constitute a rare recent analogue for Paleozoic 
and Mesozoic hydrocarbon-bearing intra-shelf basins. 
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INTRODUCTION 55 

 56 

Epeiric carbonate platform systems are made of laterally extensive (100-1000s km 57 

wide) epicontinental shallow seas deposits (Pratt and James, 1986; Alsharhan and Nairn, 58 

1993; Droste, 2010). These very wide shelves were frequently characterized by the 59 

development of an intra-shelf basin (ISB), such as Mesozoic carbonate platforms of the 60 

Arabian plate (Droste, 1990; Van Buchem et al., 2002; Droste and Steenwikel, 2004; Droste 61 

2010; Van Buchem et al., 2010). ISBs are short-lived, shallow (<200 m deep) sedimentary 62 

sub-basins, generally less than several hundred kilometres in width (Burchette and Wright, 63 

1992). They preferentially developed across tectonically stable areas such as passive margins 64 

and cratonic interior basins associated with low subsidence rates (Burchette and Wright, 1992; 65 

Grover, 1993; Droste, 1990; Droste 2010). Very wide continental shelves and epeiric seas are 66 

commonly found throughout Earth’s history and much of the pre-Jurassic marine sedimentary 67 

rocks were deposited in such setting (Allison and Wells, 2006). Several mechanisms are 68 

involved in the formation of intra-shelf basins such as subtle tectonic movements (e.g. 69 

isostatic sagging) and/or differential aggradation of carbonate platforms (Droste, 1990; 70 

Burchette and Wright, 1992; Razin et al., 2010). ISBs are commonly fringed and overlain by 71 

carbonate accumulation and finally filled by fine-grained sediments (Burchette and Wright, 72 

1992; Grover, 1993). Current stratigraphic and architectural models of intra-shelf basins are 73 

mainly derived from outcrop and seismic data of the Mesozoic Arabian platforms which are 74 

associated with very prolific petroleum systems (Markello and Read, 1982; Droste, 1990; Van 75 

Buchemet al., 2002; Droste and Steenwikel, 2004; Droste, 2010). In this setting, ISBs are 76 

commonly initiated by the deposition of organic-rich sediment layers accumulating under 77 

anoxic conditions (Droste, 1990; Grover, 1993; Elmore et al, 2012). During the following 78 

stages of evolution, the Arabian ISBs are marked by the aggradation and progradation of 79 



carbonate platforms that typically form large and good-quality hydrocarbon reservoirs, 80 

immediately overlying potential source-rocks (Droste, 2010). The demise of carbonate 81 

production is commonly associated with terrigenous or evaporitic basin fill sediments that can 82 

form excellent low-permeability seals (Burchette and Wright, 1992; Al Emadi et al., 2009; 83 

Droste, 2010). However, the stratigraphic evolution of ISBs appears to be sensitive to 84 

numerous parameters such as rates of rise in relative sea level(Burchette and Wright, 1992; 85 

Razin et al., 2010), distance to the coast (Grover, 1993) and terrigenous input from the 86 

continent (Droste, 1990; Grover, 1993, Droste 2010). Carbonate platforms bounding intra-87 

shelf basins can also be associated with widespread fluvial and tidal incisions, developing in 88 

different stratigraphic context along 4th to 3rd-order timescales (Grelaud et al., 2010; Droste, 89 

2010). These channelized systems can be observed in outcrop analogues and 3D seismic data 90 

in the Cretaceous of Oman and form significant heterogeneities at the reservoir-scale (Grelaud 91 

et al., 2010).Very wide continental shelves (> 300-400 km) are rare in present days and there 92 

are currently no modern analogues of intra-shelf basins and their associated sedimentary 93 

processes from which architectural and stratigraphic models derived from fossil systems can 94 

be unravelled (Irwin, 1965; Burchette and Wright 1992; Wright and Burchette, 1996; 95 

Schlager 2005; Allison and Wells, 2006).  96 

The aim of this study is to investigate the architecture and stratigraphic evolution of 97 

the Plio-Quaternary Malita ISB that developed along the Bonaparte continental shelf in NW 98 

Australia (Bourget et al., 2012). The study uses a large 3D seismic dataset to (1) describe and 99 

understand the processes of onset, growth, and demise of shallow water carbonates that 100 

accumulated in the Malita ISB during the Plio-Quaternary; (2) characterize the geometries of 101 

depositional elements (carbonate platforms and build-ups, tidal and fluvial channels) found in 102 

an intra-shelf basin setting, and to describe their stratigraphic significance, and, (3) propose a 103 

3rd and 4th-order stratigraphic model for the evolution of the Malita ISB, by integrating 104 



seismic stratigraphic results with well-constrained paleo-environmental data of the Plio-105 

Quaternary. 106 

REGIONAL SETTING 107 

 108 

Tectono-stratigraphy 109 

 110 

The Bonaparte Basin is the northernmost sedimentary basin of the NW Australian 111 

continental shelf (Fig.1B) and contains up to 15km of Phanerozoic sediments (Longley et al. 112 

2002). This basin extends over an area of approximately 270,000 km² for a modern distance 113 

of 615km from the coast to the shelf-edge (Bourget et al. 2012). The Bonaparte Basin is 114 

divided into several Paleozoic and Mesozoic sub-basins and platforms formed during different 115 

phases of extension and compression (Veevers, 1971; Patillo and Nicholls, 1990; O'Brien, 116 

1993, Baillie et al., 1994; O 'Brien et al., 1996; Whittam et al., 1996; Shuster et al., 1998; 117 

Keep et al., 2000; Longley et al., 2002; Frankowicz and McClay, 2010). The Bonaparte Basin 118 

was initiated during Paleozoic phases of continental break-up followed by a Triassic 119 

compressive event (O'Brien 1993; Shuster et al., 1998; Longley et al., 2002; Frankowicz and 120 

McClay, 2010). The present continental margin started to develop during a mid-Jurassic to 121 

Early Cretaceous NW-SE extension (Baillie et al., 1994; Shuster et al., 1998; Longley et al., 122 

2002; Frankowicz and McClay, 2010) that initiated the major depocenters including the 123 

Malita Graben (O'Brien et al., 1996; Shuster et al., 1998; Harrowfield et al., 2003). 124 

The most recent phase of tectonic activity in the Bonaparte Basin started during the 125 

late Miocene (Keep et al., 2000; Langhi et al., 2011; Saqab and Bourget, 2015). This phase of 126 

deformation coincides with the onset of collision between the Australian plate and the Banda 127 

Arc (Fig. 1B) which resulted in the development of lithospheric flexure on the northern 128 



Australian margin (Veevers, 1971; Shuster et al., 1998; Keep et al., 2000; de Ruig et al., 2000; 129 

Keep and Haig, 2010; Langhi et al., 2011; Bourget et al., 2012; Haig, 2012; Haig and Bandini, 130 

2013; Saqab and Bourget, 2015). In the central part of the Bonaparte shelf, flexure resulted in 131 

the reactivation of the Malita Graben with renewed subsidence in its centre and extensional 132 

faulting mostly restricted along its edges (Bourget et al., 2012). This resulted in the formation 133 

of a large intra-shelf basin associated with a subtle differential topography and very gentle 134 

slope gradients (<0.1°), where up to 270 m of Quaternary sediments accumulated (Bourget et 135 

al., 2012). Nowadays, the shallow (<200m) Bonaparte continental shelf is separated from the 136 

Timor Island by the narrow (< 15km wide) and deep (up to 3500m depth) Timor trough. The 137 

current convergence rate of the Australian plate (Fig.1B) is estimated about 7-8cm/yr 138 

(Kreemer et al., 2000). 139 

 140 

Modern shelf sedimentation and hydrodynamics 141 

The present-day Bonaparte continental shelf is up to 630 km wide (south to north) and 142 

over 1500 km in lateral extent (east to west; Fig. 1A). Carbonate platforms at 30-70 m water 143 

depth compose most of the shallow water areas of the continental shelf (Fig. 1A). The 144 

platform sediments are composed by carbonate sand and gravel with abundant corals, 145 

Halimeda, sponges, and marine mollusks (Van Andel and Veevers, 1967; Anderson et al., 146 

2011). Large isolated reef build-ups and carbonate shoals develop along both the eastern 147 

(Anderson et al., 2011) and western shelf-margins (Saqab and Bourget, 2015; Fig. 1A). In the 148 

center of the continental shelf, the Malita ISB forms a 150-200 km wide (from west to east), 149 

low gradient (0.03 - 0.07°) depression that reaches 130 to 140 m water depth in its centre. 150 

Towards the north, it narrows to approximately 80 km in width, the slope gradient steepens 151 

(0.1-0.2°), and maximum depths reach 220 m below sea-level. This area corresponds to the 152 



transition to the Malita Valley, a < 10 km-wide shelf channel connecting the ISB to the Timor 153 

Trough across the shelf-margin. In the present-day, about 196*106 tons of terrigenous 154 

sediment are delivered each year by the fluvial catchments to the Malita ISB (Lees, 1992). 155 

However, active carbonate platform growth still occurs along the shallowest parts of the 156 

platforms bounding the ISB (Anderson et al., 2011). At present, the Bonaparte Basin is a 157 

semi-diurnal macrotidal environment with a mean spring range of +/- 8 m at the shoreline and 158 

+/- 2 m close to the shelf-edge (Anderson et al., 2011). Modern tides create current velocities 159 

of 0.45 m.s-1 measured within ~100 m deep valleys at the eastern shelf-edge (Anderson et al., 160 

2011). 161 

 162 

DATA AND METHODS 163 

 164 

The seismic data used in this study consists of a 3D seismic dataset (Malita 3D; 165 

Fig.1A; Fig.2) provided by TOTAL E&P Australia. The processed data represents 480 traces 166 

per record, with a sample interval of 2ms and a trace length of 1600ms. It covers an area of 167 

2320 km² and presents an inline and crossline spacing of 25m and 6.25 m respectively, which 168 

results in a high spatial resolution (2300 inlines oriented W-E and 15250 crosslines oriented 169 

N-S). The TWT time window available extends from 0 s to 1.5s. Stratigraphic data is derived 170 

from biostratigraphic and palynological analysis (Rexilius and Islam, 1985) compiled in the 171 

publicly available completion report of Darwinia-1A (Fig.1A) exploration well. The 172 

conventional 2D seismic data used to correlate the well data with the 3D seismic survey was 173 

obtained from Geoscience Australia (Fig.1A). 174 

Seismic interpretation and horizon picking were conducted on the IHS KingdomTM 175 

Software using both manual and auto-tracking tools. Grids were computed with the Flex 176 

Gridding algorithm and are derived from horizons interpreted every 10 to 20 inlines. Seismic 177 



interpretation was conducted based on the seismic stratigraphy methodology (Mitchum et al., 178 

1977) which consists in (1) defining the seismic facies, characterized by their signal 179 

properties (continuity, amplitude, and frequency), their internal configuration and external 180 

geometry; (2) tracking the seismic reflections and associated reflection (stratal) terminations, 181 

and; (3) describing the geometries of the seismic reflections within the depositional units  182 

bounded by these seismic discontinuities. Seismic data were further analysed by extracting 183 

reflection amplitude and other seismic attributes along a narrow (+/- 5 ms TWT) time window 184 

around the interpreted and gridded horizons and by using time slices of the seismic volume. 185 

Three different types of seismic attributes were calculated with the algorithms available in 186 

dGB’s OpendTectTM software: (1) Root Mean Square amplitudes (RMS); (2) Similarity 187 

(equivalent to a coherency attribute). These attributes allow characterizing the seismic 188 

geomorphology of the various stratigraphic units and aided picking faults in the study area. 189 

Observation of the geomorphic features on horizontal displays also allowed identifying  190 

buried landforms which were then compared to modern analogues (e.g., seismic 191 

geomorphology; Davies et al., 2007; Posamentier et al., 2007). 192 

 193 

SEISMIC STRATIGRAPHY  194 

 195 

Seismic facies and stratal discontinuities  196 

Five main seismic facies (Fig.3) were observed in the seismic data of the Malita ISB. 197 

F1a and F1b both present moderate to low amplitudes, a general wavy internal configuration 198 

(Fig. 3) and are overall observed within mound-shape to flat-topped depositional features 199 

(Fig. 4 & 5) capped by strong and positive-amplitude reflections. F1a corresponds to 200 

horizontal to sub-horizontal, discontinuous and generally low amplitudes seismic reflections 201 



mainly located in the center of the mound-shaped depositional features (Fig. 3, 4A & 5A). 202 

F1b corresponds to oblique, low to moderate amplitude seismic reflections characterized by a 203 

wedge-shape external geometry and usually located on the edges of the mound-shaped 204 

depositional features (Fig. 3, 4A& 5A). F2a and F2b both correspond to moderate to high 205 

amplitude seismic facies, associated with channel-shaped to wavy geometries (Fig. 3). F2b 206 

corresponds to wavy to subparallel and semi-continuous to continuous internal reflections 207 

(Fig. 3) associated with large (500-4000 m wide) channel-shaped geometries laterally 208 

bounded by the seismic facies F1a or F1b (Fig. 3, 4 & 5). In contrast, the facies F2a consists 209 

of semi-continuous reflections associated with smaller (ten's of meters to 2.5 km wide) 210 

channelized reflections and laterally, to wavy and sheet geometries (Fig. 3, 4 & 5). Facies F3 211 

shows high continuity, parallel to sub-parallel reflections with very rare channelized shapes 212 

and moderate to high amplitudes (Fig. 3). Reflections within this seismic facies locally onlap 213 

and partly overly the mound-shape to flat-top depositional features constituted by the seismic 214 

facies F1a and F1b (Fig. 4 & 5). 215 

F1a and F1b seismic facies present geometrical (mound-shape to flat-top, 216 

constructional) and geophysical (low amplitudes, chaotic to wavy configurations) 217 

characteristics of carbonate platforms deposits (e.g. Bachtel et al., 2004, Burgess et al., 2013). 218 

Seismic reflections of F1a are vertically stacked and this facies is thus interpreted as the result 219 

of carbonate aggradation. The oblique internal reflections of F1b suggest that this seismic 220 

facies results from carbonate sediments prograding into the inter-platform areas through 221 

bioconstruction and/or  downslope shedding of platform debris (e.g. Hine et al., 1992; Fig. 3). 222 

F2a and F2b are interpreted as sedimentary accumulations dominated by various channels 223 

networks and associated deposits (Fig. 3). These will be further detailed and interpreted in the 224 

Seismic Geomorphology section of this paper. Seismic facies F3 is interpreted as basinal 225 

sheet-like deposits. 226 



 227 

Two main seismic unconformities were identified (Fig. 4, 5& 6). These correspond to 228 

prominent seismic reflections that can be consistently interpreted across the 3D volume. They 229 

are associated with upper and/or lower stratal terminations, and mark changes in depositional 230 

geometries. D1 is highlighted by erosional truncations in the underlying reflections (Fig 4). 231 

The interpretation of D1 is locally affected by significant velocity pull-ups (Fig.4 & 6) due to 232 

the high internal velocities of the overlying carbonate bodies (seismic facies F1a and F1b) and 233 

the seabed multiple. Locally, D1 marks a distinct vertical change of seismic facies, from 234 

higher amplitude, sub parallel and contorted to disrupted and slightly chaotic reflections to 235 

mound-shaped and moderate to low amplitudes reflections(seismic faces F1a and b; Fig. 3). 236 

The seismic unconformity D2 is highlighted by a very high-amplitude reflector capping some 237 

of the mound-shape to flat-top features (Fig.4 & 5). Between these geometries, D2 is also 238 

associated with a vertical change in seismic facies, from F2a-b (below D2) to F3 (above D2) 239 

(Fig. 4& 5). D2 is also associated with upper onlap terminations and basal truncations (Fig.4 240 

& 5). Above D2, a third seismic unconformity (D3) can be defined on the basis of upper onlap 241 

terminations (Fig.4 & 5). D3 is associated with associated a highly continuous and strong 242 

amplitude reflection that can be tracked consistently through the 3D volume. However, it is 243 

not associated with a significant change in seismic facies and reflectors configuration. 244 

Depositional Units  245 

D1, D2 and the seafloor are bounding two depositional units (Unit A and Unit B, Fig. 246 

4B, 5 & 6) which show different internal reflection geometries. The stratigraphic architecture 247 

of each of these units is here investigated using a combination of 2D and 3D seismic 248 

stratigraphy (Fig. 4-9). 249 

 250 



Unit A 251 

The oldest depositional unit (Unit A) is bounded by D1 and D2 (Fig. 4B, 5 & 6). Unit 252 

A is dominated by wavy and chaotic reflections (F1a, Fig. 3) horizontally stacking and 253 

leading to the formation of 3-15 km wide and 30-90m high flat-top and mounds-shape 254 

morphologies (Fig. 4, 6, 7B, 8A & 9A). The peripheries of these morphologies are marked by 255 

minor inclined shingling reflections (F1b, Fig. 3, 4 & 5). Downward, wedge shape reflections 256 

(F1b, Fig. 3) are thinning out away from these low amplitude seismic geometries (Fig. 4 & 5). 257 

Seismic facies F2a, F2b and F3 are observed laterally and in between the mound-shape and 258 

flat-top morphologies (Fig.4 & 6). 259 

Interpretation 260 

Unit A is dominated by aggrading mound-shape and flat top features interpreted as 261 

growing carbonate platforms. They are dominated by aggrading geometries (F1a) with minor 262 

progradations (F2b). Seismic data suggest that carbonate growth focused above apparent 263 

paleo-topographic highs below D1 (Fig. 4, 5 & 6). However, the topography of these highs is 264 

exaggerated by the velocity pull-ups caused by the overlying carbonate platforms (Fig. 6 & 265 

7), and these could largely be seismic artefacts. The carbonate platforms are mostly 266 

distributed along the western fringe of the intra-shelf basin (Fig. 6 & 9A), and are less 267 

numerous (and narrower) in the area corresponding to the deepest part of the intra-shelf basin 268 

at present-day. 3D seismic data show that the carbonate platforms rapidly developed above 269 

D1 and reached their maximum size (in width) just below  the D2 unconformity (Fig. 7, 8A & 270 

9A). Significant aggradation also occurs in between the carbonate platforms and in the basin 271 

center where seismic facies F2a, F2b and F3 are observed (Fig. 4, 5 & 6). However, the paleo-272 

topography observed along D2 (Fig. 4,6 & 8A) shows that by the end of Unit A the carbonate 273 

platforms raised significantly (30-90 m) above the surrounding platform and basin areas. 274 



Unit B 275 

The youngest depositional unit (Unit B) is bounded between the seismic unconformity D2 and 276 

the seafloor (Fig. 4B, 5 & 6). Seismic facies F3 dominates in Unit B (Fig. 4, 5 & 6).  These 277 

moderate to high amplitude, continuous seismic reflections onlap and locally overlain the 278 

carbonate platforms of Unit A (Fig. 4, 5 & 6). Above D2, the aggrading seismic reflections of 279 

F1a are still observed locally and form 0.5-4 km wide isolated mound-shape geometries 280 

interpreted as small carbonate build-ups (Fig. 4, 5 & 6) whose sizes decrease towards the sea-281 

floor (Fig. 5). Seismic data suggest that these build-ups initiate above the highest topography 282 

of the underlying platforms (Figs. 4, 5 & 8). However, this could be an artefact caused by 283 

velocity pull-ups (Fig. 4 & 5).  284 

Interpretation 285 

Overall, Unit B is marked by a strong reduction of the size and distribution of the 286 

carbonate platforms (F1a and F1b) that were dominant in Unit A. This reduction mainly 287 

occurs through a rapid and important retrogradation of the platform margins (Fig. 4, 5 & 8). 288 

Thus, D2 is interpreted as the onset of  a major backstepping phase (retrogradation of 289 

carbonate platform margins; e.g. Schlager et al., 2005) and local drowning of antecedent 290 

carbonate platforms (Fig. 5, 8 & 9). This is particularly observed in the Malita ISB center, 291 

where drowned carbonate deposits are progressively buried by basinal, sheet-like deposits 292 

(seismic facies F3). Above D2, carbonate growth become restricted to small isolated build-293 

ups aggrading above the underlying platforms (Fig. 8 & 9). In between these build-ups, the 294 

seismic facies F2a and F2b (dominated by channelized geomorphologies in cross-sections)  295 

are no longer observed (Fig.4 & 5). At the scale of the intra-shelf basin (Fig.9), Unit B seems 296 

to be characterized by a highly heterogeneous distribution of carbonate growth, with limited 297 

growth in the deeper-water ISB centre and higher growth rates along the shallow-water edges 298 



of the ISB, to the NW (Fig.6 & 9B). This trend is supported by the present day configuration 299 

of the intra-shelf basin, with small and drowned carbonate build ups in the ISB centre and 300 

large and active platforms along its shallow-water edges (Anderson et al., 2011; Fig. 2, 6 & 301 

9B). 302 

 303 

Well data: lithology and age constraints 304 

 305 

The exploration well Dawinia-1A was drilled on the eastern edge of the intra-shelf basin 306 

(Fig.1A). It was correlated to the Malita 3D seismic volume using four regional 2D seismic 307 

lines (Fig. 10). Wireline log data (Fig.11) were calibrated by stratigraphic and lithological 308 

data obtained from well cuttings (Rexilius and Islam, 1985). Time-depth correlation data 309 

(obtained from the seismic velocity survey data of Darwinia-1) allowed tying the well data to 310 

the 2D seismic profiles. Well data indicates that Early Pliocene siliciclastic deposits are 311 

overlain by ~ 250 m of younger limestones (Fig. 10 & 11). This indicates that the interval 312 

investigated in this study corresponds to strata younger than the Early Pliocene (Rexilius and 313 

Islam, 1985). The onset of carbonate deposition at a depth of 337 m, which is associated with 314 

an abrupt shift of the gamma-ray log (Fig. 11), correlates with the seismic unconformity D1 315 

(Fig. 10). The abrupt change from siliciclastic to carbonate deposition above D1 on well data  316 

is interpreted as the onset of carbonate platform growth in the Malita ISB, consistent with the 317 

geometries observed on seismic data above D1 (Fig. 4, 5 & 6). These stages of establishment 318 

generally occur during a periods of relative sea-level rise (e.g., "start-up phase", Emery and 319 

Myers, 1996; Schlager, 2005). Biostratigraphic analysis of a sample located 30 m below D1 320 

yields a calcareous nanoplankton subdivision NN15 (Rexilius and Islam, 1985), 321 

corresponding to a latest Early Pliocene age (Martini, 1971). Given the abrupt change from 322 

siliciclastic to carbonate lithologies seen in both gamma-ray and well cutting data along D1, 323 



and knowing that the Late Pliocene transition (ca. 3.5 Ma BP) corresponds to a period of rapid 324 

sea level rise following a major sea level lowstand (Miller et al., 2005), D1 is interpreted as 325 

the base of the Late Pliocene. The overlying unconformities D2 and D3 could not be 326 

correlated to clear, abrupt changes in gamma ray log (Fig.11). Moreover, the skeletal 327 

limestone samples recovered above D1 lack of age-diagnostic benthic foraminifera and are 328 

barren of calcareous nanoplankton and planktonic foraminifera (Rexilius and Islam, 1985) so 329 

there are no age constraints for D2 and D3.  330 

 331 

SEISMIC GEOMORPHOLOGY 332 

 333 

Seismic amplitude variation observed on interpreted horizons within Units A and Unit B 334 

allows investigating the depositional architecture and geometries within each depositional unit 335 

(Fig. 12, 13, 14 & 15). Investigating the seismic geomorphologies associated with the seismic 336 

unconformities D2 and D3 (Fig. 16, 17 & 18) also help understanding the processes at the 337 

origin of their formation. The analysis show that Unit A, Unit B and the two seismic 338 

unconformities D2 and D3 are all associated with widespread and various (in nature and 339 

dimensions) channelized systems. Overall, the orientation of these features indicates a SSW – 340 

NNE trend in the central, deepest part of the ISB, and a SE-NW to S-N trend in the western 341 

part of the study area (Fig.9).These trends remain stable throughout the Plio-Quaternary and 342 

are also consistent with the modern channel trends connecting the intra-shelf basin to the 343 

shelf-margin (Fig. 1). Seismic attributes show that there are three main types of channelized 344 

features. 345 

● Type 1 –Inter-platform Seaways: in plan view, these features form 0.5 to 4km wide 346 

seismic anomalies forming areas of generally higher seismic amplitudes between carbonate 347 

platforms (Fig. 7B & 13). In cross-section these features are associated with the seismic facies 348 



F2b (Fig. 3), showing a generally aggrading, channelized to sheet-like internal fill (Fig. 4, 5 & 349 

12). Seismic data show that these areas of higher amplitude remain in a stable position 350 

throughout the stratigraphic evolution of the intra-shelf basin (Fig. 4, 9 & 13). These features 351 

are interpreted as inter-platform seaways, confined between the growing carbonate platforms 352 

of Unit A. The inter-platform seaways are associated with a complex internal architecture 353 

suggesting repeated incisions and filling phases (seismic facies F2b; Fig. 3, 4 & 12). Seismic 354 

attribute maps also show the presence of smaller incisions forming along the paleo-valley 355 

floor of the seaways (Fig. 7B, 8A & 13). Inter-platform seaways are commonly observed 356 

along modern and ancient carbonate settings (e.g. Eberli and Ginsburg, 1987; Bachtel et al., 357 

2004; Posamentier et al., 2010). They represent corridors of increased tidal current velocity 358 

confined in between the high-relief carbonate topographies (Posamentier et al., 2010). 359 

Similarly, the large inter-platform seaways observed in the Malita ISB are interpreted as areas 360 

of increased, possibly tide-driven current velocities in between the carbonate platforms of 361 

Unit A. The seaways do not significantly change in width through times (Fig. 12 & 13). In the 362 

study area, the seaways become almost completely filled with sediments in Unit B (Fig. 12), 363 

as most carbonate platforms of the ISB centre get progressively buried. However, modern 364 

bathymetry show that the larger seaways draining through the shallow platforms along the 365 

edges of the ISB (e.g., the Malita and Lambert valleys; Fig. 1) remain active at present-day.  366 

● Type 2 -Tidal channel networks: this second type of channelized features are only 367 

observed in Unit A. On seismic data they correspond to densely channelized systems typically 368 

composed by a large (1-2.5 km wide, and <20 m deep), low to moderate-sinuosity channels 369 

(labelled ―main tidal channels‖ in Figure 14 & 15) fed by a dense network of tributaries 370 

showing complex and varying geomorphologies. These correspond to the seismic facies F2a 371 

(Fig. 3). The main valleys are found incising the inter-platform  seaways (Fig. 13) and/or 372 

along the basin floor in the ISB center (Fig. 13, 14 & 15). The smaller tributaries feeding 373 



them show variable dimensions (40-200 m wide and <15 m deep, or below the vertical 374 

resolution of seismic data; (Fig. 15). These channels are associated with heterogeneous  375 

internal amplitudes indicating a complex cut & fill history and cross-cutting relationships, 376 

hence suggesting these could be shorter-lived features compared to the inter-platform seaways 377 

(Facies F2a, Fig. 3, 4, 14 & 15).Tributary channels are organized in meandering dendritic 378 

networks, elongate dendritic networks, complex tributary networks and interconnected 379 

tributaries (sensu Pye and French, 1993 and Hughes, 2012). The range and diversity of 380 

channel plan form shapes, sizes and sinuosities, in addition to the high density of 381 

channelization observed within the attribute maps of Unit A are typical features of tidal 382 

channel networks (Fagherazzi and Furbish, 2001; Hughes, 2012). The geomorphologies 383 

described above are comparable with modern tidal flats geomorphologies (Hughes, 2012) 384 

including the carbonate tidal flats of the Bahamian archipelago (Rankey and Berkeley, 2011; 385 

Berkeley and Rankey, 2012). At places, interconnected channel geometries are separated by 386 

km-scale sub-circular to elongated zones of variable seismic amplitudes (Fig. 15). On seismic 387 

vertical sections, they are characterized by low amplitude reflections (Fig. 4A). Some of these 388 

areas are drained by narrow tributaries and/or formed in abandoned channel courses (Fig. 15). 389 

Their size varies from 30 m to up to 2 km wide (Fig. 15), and they are interpreted as tidal 390 

ponds (Rankey and Morgan, 2002). Overall, these complex channelized networks suggest that 391 

extensive tidal flat environments (at intertidal water depths) episodically developed in the 392 

topographic lows and basin floor areas in between the carbonate platforms of Unit A, i.e., 393 

during lower sea levels.  394 

● –Fluvial-dominated channels: these channelized geomorphologies range from low to 395 

moderate-sinuosity individual channels to meandering channel belts (Fig. 16, 17, 18 & 19B). 396 

Most of those channels are characterized by narrow meandering geomorphologies (25 – 100m 397 

wide) fed by low sinuosity dendritic tributaries (Fig. 18 & 19B). On vertical seismic sections, 398 
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the channels appear as high amplitude incisions overlain by low amplitude reflections (Fig. 399 

19A). This corresponds to the seismic facies F2a, however with more isolated incisions than 400 

for the tide-dominated channels (Fig. 15).  The main sinuous channels are incised deeper than 401 

their tributaries and are also characterized by higher seismic amplitudes (Fig. 19A & 19B).  402 

Geomorphologies such as oxbows, cut-off meanders and point bar deposits (interpreted from 403 

higher seismic amplitudes on the inside of channel bends) are observed (Fig. 18 & 19B). The 404 

channels generally drain the ISB from its shallower edges (from the south-west and north-405 

west), merge towards the ISB centre (in the easternmost art of the 3D seismic data) and head 406 

to the north (Fig. 9A, 16 & 17), indicating a general south-to-north flow direction consistent 407 

with the present-day bathymetry (Fig. 1A). Channel paths appear to be controlled by the 408 

location of the carbonate reefs and the channels ―bend around‖ the build-ups at several 409 

locations. The abundance of fluvial geomorphologies associated with those channels 410 

(analogous with those of the Leichhardt River catchment in the Gulf of Carpentaria; Fig. 19B 411 

& 9C) suggests that they represent fluvial-dominated, incised river systems (Ethridge & 412 

Schumm, 2007; Reijenstein et al., 2011). However in some cases planform geometries are not 413 

sufficient to differentiate between fluvial and tidal dominance (Fig. 16). 414 

 415 

STRUCTURAL TRENDS 416 

 417 

The Malita intra-shelf basin is bounded by large SW-NE trending normal faults along its 418 

edges, dominantly dipping toward the ISB centre (Bourget et al., 2012). Those faults lie 419 

outside of the 3D seismic data used in this study. Bourget et al. (2012) showed that these 420 

faults have maximum offsets in Miocene and Pliocene strata, with then decreasing offsets 421 

towards the surface. In the survey area, seismic attribute maps of D1 (Fig. 8 & 20B) reveal a 422 

complex architecture dominated by 0.5-3 km wide channelized features following an overall 423 



SSW-NNE trend (Fig. 7), in addition to  a series of 1-8 km-long, SW-NE trending linear 424 

features (Fig. 20B). . On cross-section, these correspond to areas where the D1unconformity 425 

is vertically offset by faults (Fig. 20C). These faults form conjugate arrays of normal faults 426 

dipping towards the ISB centre and mainly offsetting the Miocene and Early Pliocene strata 427 

(Fig. 20C). These faults are associated with limited offset of reflections in Unit A (Fig. 20C) 428 

and they are not observed along D2 (Fig. 20A). To the northwest, a larger (20 km-long) SW-429 

NE oriented and SE dipping fault is observed on both D1 and D2 attribute maps (Fig. 9A), but 430 

it is absent from the modern seabed (Fig. 9B). Overall, both fault throw analysis on cross 431 

sections (Fig. 20C) and attribute maps of D2 and the seabed (Fig. 9,& 20A) suggest that 432 

faulting in the Malita ISB was minimal from D1 onwards. Fault activity is thus not considered 433 

to be an important factor controlling the stratigraphic evolution of the Malita ISB during the 434 

Late Pliocene and Quaternary.  435 

 In contrast, the reactivation of the Malita ISB during the Neogene (Harrowfield and 436 

Keep, 2003) could have played a role on the overall distribution of the carbonate platforms at 437 

the onset of the Late Pliocene. Flexural deformation during the Miocene and Pliocene has 438 

amplified the differential topography of the Malita intra-shelf basin by uplifting the edges of 439 

the ISB and increasing subsidence rates in its centre (Harrowfield and Keep, 2003; Bourget et 440 

al., 2012). Above D1 larger carbonate platforms developed along the shallow-water edges of 441 

the intra-shelf basin, while smaller and more isolated platforms formed in the deeper-water 442 

ISB centre (Fig.6 & 9). It is here hypothesized that this spatially heterogeneous distribution of 443 

carbonate platforms was controlled by the low gradient basement topography shaped by the 444 

Mio-Pliocene flexural reactivation of the Malita graben.  445 

SEA-LEVEL, SUBSIDENCE AND ACCOMMODATION  446 

 447 



The global sea level curve of the Plio-Quaternary (3.5 Ma BP onwards; Fig.21A) used 448 

in this study is obtained from the data of Miller et al. (2005). This sea level record can be 449 

combined with paleo-bathymetric reconstructions from 3D seismic data and provide an 450 

estimation of subsidence and accommodation in the deepest part of the study area (Fig. 21). 451 

3D seismic attribute analysis of the seismic unconformities D1 to D3 show that these surfaces 452 

were associated with widespread tidal and/or fluvial incision (Fig. 7A, 8A, 9, 16, 17, 18 & 453 

19). Therefore the paleo-bathymetry of these surfaces can be approximated at ~ 0 m (Fig. 454 

21A).Using the paleo-sea level record, the estimated paleo-bathymetry of the surfaces and the 455 

compacted sediment thickness measured on seismic data, it is thus possible to estimate the 456 

burial rates of the surfaces D1, D2 and D3 and deduce the evolution of subsidence rates in the 457 

Malita ISB during the late Pliocene and Quaternary (Fig. 21A). Sediment thicknesses were 458 

not corrected from compaction and were calculated using a mean velocity of Vp = 1800 m.s-1 459 

from seismic data at the deepest location of the ISB centre, at a modern water depth of-135 m 460 

(Fig. 21B). Subsidence rates (deflection of the surface D1) were calculated between the age 461 

boundaries of the seismic unconformities (Fig. 21A). These estimates have a minimum error 462 

of +/-20 % corresponding to the error range of the sea level data (Miller et al. 2005), with 463 

additional error produced by sediment compaction and seismic time/depth conversion. The 464 

age of D1 is constrained by the biostratigraphic data of Darwinia-1A (Fig. 11) which suggest 465 

that it formed as a response to a major sea level lowstand followed by sea level rise (that re-466 

established carbonate production) at the end of the Early Pliocene (ca. 3.32 Ma BP; Miller et 467 

al., 2005; Fig. 21A).This event would thus correspond to the mid-Pliocene warm period which 468 

was associated with global sea level rising 10 to 40m above present (Raymo et al., 2011).The 469 

age of D2 is more uncertain. Seismic data shows that D2 corresponds to a major emersion 470 

event associated with widespread fluvial incision (Fig. 9A & 18). It forms a major intra-471 

Quaternary seismic unconformity which could correlate with the shelf-margin unconformity 472 



―U5‖ of Bourget et al. (2014). The later marks the termination of carbonate growth and the 473 

progradation of mixed clastic-carbonate shelf-edge delta sequences off the mouth of the 474 

Malita Valley (Fig. 1A). By correlating the number of shelf-edge sequences with the paleo 475 

sea-level record its age was assigned at ca. 0.63 Ma BP (Bourget et al., 2014). This age 476 

corresponds to (1) a major sea level lowstand of the Quaternary, reaching -124 m, and; (2) a 477 

major climate reorganisation, marked by the transition to 100 kyr-duration glacial cycles 478 

associated with higher-amplitude and longer-duration sea-level falls, major lowstands (-90 to 479 

– 130 m below present), and rapid, high amplitude (deglacial) sea-level rises (Fig. 21A, Miller 480 

et al., 2005).Thus, we tentatively assign this age to the seismic unconformity D2 which marks 481 

both a major platform exposure event and the onset of the progressive demise and burial of 482 

the carbonate platforms in the centre of the intra-shelf basin (Fig. 9A). The seismic 483 

unconformity D3 is also associated with the development of incised fluvial channels (Fig. 17) 484 

and constitutes the youngest evidence of platform exposure in our seismic dataset. Thus, we 485 

interpret D3 as the result of the following major lowstand dated ca. 0.44 Ma BP (Miller et al., 486 

2005; Fig. 21A). Sediment core data indicates that Late Quaternary sedimentation rates in the 487 

centre of the Malita ISB are in the range of 10-15 cm.ka-1 (Yokoyama et al., 2001b). 488 

Comparable values (~ 10 cm.ka-1) are obtained from the analysis of sediment thickness from 489 

seismic data between D2 (ca. 0.63 Ma BP) and the modern sea floor (~ 65 m in the ISB 490 

center) and D3 (ca. 0.44 Ma BP) and the modern sea floor (~ 45 m; Fig. 21). Thus, the 491 

proposed ages for D2 and D3 are consistent with the Late Quaternary sedimentation rates 492 

measured in this part of the ISB. The resulting subsidence reconstruction highlights two main 493 

periods: (1) an initial phase of low to moderate subsidence (55 m/Myr) during Late Pliocene 494 

and Early-middle Quaternary (ca.3.32 Ma to ca 0.63 Ma BP); (2) an increase in subsidence 495 

during the Late Quaternary  (0.63 Ma BP to present) with values of  95 m\Myr (between the 496 

ages of D2 and D3) and  135 m\Myr (between the age of D3 to the present-day). These results 497 



indicate that the carbonate platforms of the centre of the Malita ISB initially aggraded in a 498 

moderately subsiding intra-shelf basin (Unit A), while their progressive demise and burial 499 

occurred in a phase of renewed, high subsidence (Fig. 21A). 500 

Combining the subsidence rates with the high resolution sea level data (Fig. 21A) 501 

allows estimating the changes in accommodation which occurred in the centre of the Malita 502 

ISB during the Plio-Quaternary. Results show that the Late Pliocene and the Early-middle 503 

Quaternary (Unit A) were associated with moderately increasing accommodation in the ISB 504 

center (30m\Myr on average; Fig. 21C). In contrast, high rates of accommodation creation 505 

occurred during the Late Quaternary (from 0.63 Ma BP onward), with a mean of 130 m/Myr.  506 

 507 

DISCUSSION 508 

SEQUENCE STRATIGRAPHIC EVOLUTION OF THE 509 

MALITA INTRA-SHELF BASIN 510 

 511 

The combination of 2D and 3D seismic stratigraphic interpretation integrated with 512 

well data and accommodation data allow building a sequence stratigraphic framework for the 513 

Malita ISB during the Plio-Quaternary (Fig. 22). Seismic stratigraphy and geomorphology  514 

show that the Plio-Quaternary strata of the Malita ISB comprises two main unconformities 515 

(D1 & D2; Fig. 4, 6 & 22).These unconformities are associated with widespread fluvial and\or 516 

tidal geomorphologies (Fig. 14, 16& 22) indicative of sea-level lowstands (Fig 21A), and they 517 

are interpreted as subaerial unconformities (sensu Catuneanu et al., 2009). The unconformities 518 

D1 and D2 are locally overlain by aggrading carbonate platforms and build-ups (Fig 4, 5, 6) 519 



which commonly form in periods of rising and/or high sea levels. Thus, we interpret these 520 

seismic unconformities as the stack of a subaerial unconformity and a transgressive surface, 521 

and D1 and D2 are interpreted as 3rd-order sequence boundaries (Fig. 23).Contrarily to D1 522 

and D2, D3 does not mark a significant change in seismic facies and carbonate growth trend 523 

(Fig. 4, 5 & 6) and is thus interpreted as an unconformity of higher stratigraphic order (4th-524 

order sequence boundary). The seismic units A and B form two distinct phases of carbonate 525 

growth in the Malita ISB (Fig. 6 & 22). Unit A is associated with the aggradation of wide 526 

carbonate platforms along both the ISB edge and its centre, while Unit B shows limited 527 

carbonate growth in the ISB center, which becomes restricted to the aggradation of small 528 

isolated build-ups (Fig 7, 8 & 22).Carbonate aggradation is typically associated with periods 529 

of relative sea-level rise (e.g. Kendall and Schlager 1981, Emery and Myers, 1996). The 530 

observation of aggrading carbonate geometries in Unit A and B is consistent with the 531 

calculated increases of accommodation in the centre of the Malita ISB during the Plio-532 

Quaternary (Fig. 21C). Thus Unit A (ca. 3.3 to 0.63 Ma BP) and Unit B(ca. 0.63 Ma BP to 533 

present day) represent two 3rd-order transgressive sequences (Embry, 2002; Catuneanu et al., 534 

2009) bounded by two sequence boundaries (Fig. 21 & 22). 535 

 536 

Late Pliocene and Early to middle Quaternary: carbonate platform 537 

aggradation in the Malita ISB 538 

The growth of carbonate platforms in Unit A initiated during the transgression that 539 

followed the –60 m Early Pliocene sea level lowstand (sequence boundary D1; Fig. 11 & 21), 540 

corresponding to the mid-Pliocene warm period (Raymo et al., 2011). In the ISB centre 541 

carbonate platform aggradation took place with moderate rates of accommodation creation 542 

(~30m\Myr; Fig. 21C) corresponding to the ―start-up‖ and ―catch-up‖ phases (Kendall and 543 



Schlager, 1981;Sarg, 1988; Jacquin et al., 1991; Emery and Myers, 1996). However Unit A is 544 

associated with a spatially heterogeneous carbonate growth rate (e.g., the differential 545 

carbonate aggradation of Razin et al., 2010) which led to the differentiation of isolated 546 

carbonate platforms (where the carbonate production could catch up with the relative sea level 547 

rise) separated by interplatform seaways and basins (where carbonate production could not 548 

catch up with the rising sea level).  549 

While Unit A forms a 3rd-order transgressive sequence marked by the aggradation of 550 

carbonate platforms, the widespread evidences of tidal geomorphologies (Fig.7, 14, 15) also 551 

suggests that the intra-shelf basin was episodically associated with at least very shallow, 552 

intertidal water depth, i.e. <10 m (considering the modern spring tidal range).Within Unit A, 553 

the top of carbonate platforms can locally culminate at 30 – 90m above the adjacent paleo 554 

seabed where tidal depositional geometries  develop (Fig. 4, 7B & 8A). Although this 555 

difference of elevation is likely amplified by the lateral variations of seismic velocities in 556 

carbonate settings (pull-ups), it suggests the occurrence of higher-frequency sea-level 557 

fluctuations during an overall 3rd-order transgressive sequence. The growth of carbonate 558 

build-ups would occur during the high-frequency (4th–order) sea-level rises and highstands 559 

(Kendal and Schlager, 1981; Schlager, 2005), while lower sea-levels (4th-order lowstands) 560 

would allow the formation of tidal flat channels in the low-lying areas of the ISB (Fig. 19). 561 

Likewise, the inter-platforms seaways (Fig. 12 & 13) were associated with corridors of 562 

increased current velocities located in between the flooded carbonate platforms during the 4th-563 

order transgressions and highstands. These high velocities current prevented carbonate 564 

deposition and platform progradation in these seaways resulting in long-live features (e.g. 565 

Bachtel et al., 2004). During 4th-order lowstands, fluvial and/or tidal incisions were thus 566 

confined in these topographic lows in between surrounding carbonate platforms (Fig. 567 

18A).These observations are consistent with the high-frequency sea-level fluctuations 568 



recorded between 3.5 and 0.63 Ma BP (Miller et al., 2005; Fig. 21A). This is also consistent 569 

with previous observations in the nearby Gulf of Papua, where Late-Pliocene–Pleistocene 570 

successions of mixed siliciclastic-carbonate sequences were interpreted to be the result of 571 

high-frequency sea-level fluctuations through the last million years (Tcherepanov et al., 2010; 572 

Droxler and Jorry, 2013). 573 

 574 

Late Quaternary:  demise of the carbonate platforms in the centre of the ISB  575 

The Late Quaternary is associated with a strong reduction of carbonate production and 576 

by the progressive infill of the centre of the Malita ISB (Fig. 6, 9 & 22). Once the platforms 577 

have been re-flooded (after the D2 major exposure event), they underwent an important 578 

backstepping episode and carbonate production occurred only on top of the highest 579 

topographies of the underlying platforms (Fig. 8 & 22). Carbonate growth becomes therefore 580 

restricted to small isolated build-ups (Fig. 17 &22).The apparent reduction of carbonate 581 

production in the centre of the Malita ISB was also accompanied by the partial drowning and 582 

progressive burial of the carbonate platforms from Unit A (Fig. 6, 9B & 22). Drowning of 583 

carbonate platforms and subsequent burial are often interpreted as the result of a rapid 584 

increase of accommodation, overtaking the rates of platform growth and leading to a ―give-585 

up‖ phase‖ (e.g.,Kendall and Schlager, 1981; Sarg, 1988; Zampetti et al., 2004; Schlager, 586 

2005). This is consistent with the Late Quaternary estimations of subsidence rates (95 to 587 

135m\Myr) which led to an increase in rate of accommodation creation during the deposition 588 

of Unit B (Fig. 21). Above D3, the absence of channelized morphologies laterally to the 589 

carbonate build-ups in Unit B suggests that the centre of the ISB was deep enough to prevent 590 

complete platform exposure during he repeated lowstands of the Late Quaternary (Fig. 21A). 591 

This is consistent with the observations of Yokoyama et al. (2001b) and Bourget et al. (2013) 592 



and supports the hypothesis of increased subsidence during the late Quaternary at this 593 

location.  594 

However, demise and burial of carbonate platforms can also be caused by a reduction 595 

of carbonate production due to increased nutrient levels including terrigenous input (―clastic 596 

pollution‖; Kendall and Schlager, 1981; Hallock and Schlager, 1986). The Late Quaternary 597 

coincides with increased continental denudation rates in NE Australia (Nott and Roberts, 598 

1996), that would have led to enhanced terrigenous supply in the intra-shelf basin and to the 599 

shelf-margin (Bourget et al., 2013, 2014). Siliciclastic sediment input during the sea levels 600 

lowstands of the Late Quaternary is supported by both sedimentological and 601 

geomorphological evidence (van Andel and Veevers, 1967; Lees et al., 1992; Yokoyama et 602 

al., 2000, 2001a, b; Anderson et al., 2011; Nicholas et al., 2014). Late Quaternary and surface 603 

sediment samples in the ISB centre are composed by mixed (terrigenous and carbonate) mud 604 

and silt deposits (van Andel and Veevers, 1967; Yokoyama et al., 2000, 2001a). Shelf 605 

bathymetry and very high-resolution seismic data revealed the presence of Late Quaternary 606 

fluvial valleys incising the Bonaparte shelf more than 120 km from the modern coastline 607 

(Nicholas et al., 2014). Clastic input during the repeated sea level lowstands of the Late 608 

Quaternary resulted in the progradation of a large shelf edge delta at the margin of the 609 

Bonaparte Basin from 0.63 Ma BP to the present day (Bourget et al., 2014).  Therefore, it is 610 

possible that the demise of carbonate platforms and the infill of the ISB centre during the Late 611 

Quaternary resulted from a combination of (1) strong and rapid increase of accommodation 612 

due to renewed subsidence, and (2) deterioration of carbonate factory health via high 613 

terrigenous input. 614 

D3 corresponds to the youngest period of platform exposure in the Malita ISB (0.44 615 

Ma BP; Fig. 21A). With only two discrete episodes of platform exposure and fluvial 616 

sedimentation observed in the seismic data in Unit B (D2 and D3), any input of terrigenous 617 
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particles in the intra-shelf basin during the Late Quaternary would have occurred while the 618 

platform is underwater. Late Quaternary sediments recovered in the center of the Malita intra-619 

shelf basin show that lowstand sediments consist of marginal marine to brackish silts and 620 

muds (Yokoyama et al., 2000; Yokoyama et al., 2001a). In lowstands the intra-shelf basin 621 

formed an internal sea connected to the open ocean through the Malita Valley (Yokoyama et 622 

al., 2001b; Bourget et al., 2013; Fig. 1). As a consequence terrigenous input in the Malita ISB 623 

in Unit B was predominantly indirect, consisting of reworked fine-grained sediments 624 

originated from the fluvial systems incising the inner shelf during the repeated high-frequency 625 

(4th-order) sea-level fall and lowstands, within an overall (3rd-order) transgression.  626 

 627 

Late Quaternary: differential subsidence and spatial heterogeneity in 628 

carbonate growth in the Malita ISB  629 

 630 

The Late Quaternary transgression and increase in terrigenous input did not 631 

completely shut down the carbonate sedimentation along the Bonaparte shelf. Seismic data 632 

suggests that the western edge of the Malita ISB was less – or not - affected by platform 633 

drowning and burial during the late Quaternary (Fig 6 & 9B). At present day the shallow 634 

carbonate platforms bounding the ISB centre are located at –30 to – 60 m (Fig. 1). Modern 635 

sediment samples show that these shallow platforms are associated with a healthy and active 636 

coralgal production (Anderson et al., 2011). In contrast, the top of the isolated carbonate 637 

build-ups located in the ISB centre (Fig. 9B) are now culminating at 90 – 120 m water depth 638 

(Fig. 6), i.e. below the optimal water depths allowing carbonate production (Schlager, 2005). 639 

Pre-drill environmental site surveys along those build-ups confirmed that they are drowned 640 

reefs with mostly inactive carbonate production (George & Cauquil, 2010). Therefore, 641 

carbonate production remained active along the shallower-water edges of the intra-shelf basin 642 



during the Late Quaternary and the demise the carbonate platforms mostly occurred in the 643 

centre of the basin (Fig. 6). This spatial heterogeneity in carbonate production can be 644 

explained by differential subsidence. Neogene reactivation of the Malita Basin occurred 645 

through long-wave length flexural reactivation of the rift-inherited basement topography 646 

(Harrowfield & Keep, 2005; Bourget et al., 2012), which resulted in higher subsidence rates 647 

in the basin centre and lesser subsidence rates along its edges. It is possible that similar 648 

deformation mechanisms accompanied the Late Quaternary phase of renewed subsidence in 649 

the intra-shelf basin, and lead to differential tectonic subsidence which directly impacted the 650 

evolution of platforms and build-ups geometries (Fig. 23).It is here hypothesized that the Late 651 

Quaternary carbonate sedimentation of the Malita ISB is slightly diachronous, as the high-652 

frequency (4th-order) sea-level changes did not similarly affect the carbonate factory of the 653 

shallow-water ISB edges and its deeper, more subsiding, centre (Fig. 23): 654 

• during the sea level lowstands (glacial; Fig. 21) the shallow platforms of the Malita 655 

ISB were exposed but the carbonate build-ups of the basin centre remained 656 

underwater (Fig. 23). However fine-grained terrigenous sediments were then brought 657 

to the basin (Yokoyama et al., 2001a, 2001b; Bourget et al., 2013, 2014) and the 658 

carbonate factory was likely to be limited or shut down(Fig. 23); 659 

• during the high-amplitude sea level rise phases (deglacial; Fig. 21), carbonate 660 

growth could resume along both the shallow-water platforms and the build-ups of the 661 

basin centre. However the later were located in deeper water, in a rapidly subsiding 662 

basin, which prevented them from catching-up with the abruptly rising sea levels 663 

(Fig.23). As a result, the build-ups of the ICB centre drowned during the highstand 664 

(interglacial) phases (Fig. 21 & 23). This contrasts with the shallow carbonate 665 

platforms of the ISB edges which could catch-up and keep-up with the relative sea-666 



level rise and remained actively growing in highstands (e.g., the present-day 667 

configuration; Anderson et al., 2011).  668 

Thus, the spatial heterogeneity in carbonate distribution observed in the Late 669 

Quaternary strata of the Malita ISB likely results from the impact of differential subsidence 670 

(as well as clastic pollution) on carbonate geometries and their response to high-amplitude, 671 

high-frequency eustatic variations.  672 

 673 

COMPARISON WITH ANCIENT INTRA-SHELF BASINS  674 

The Plio-Quaternary architecture and stratigraphic evolution of the Malita ISB share 675 

both similarities and differences with Palaeozoic and Mesozoic age carbonate rich intra-shelf 676 

basins (Markello and Read, 1982; Pratt and James, 1986; Droste 1990; Burchette and Wright, 677 

1992; Van Buchem et al., 2002; Droste and Steenwikel, 2004; Razin et al. 2010). The best 678 

documented carbonate-rich ISBs are the Early to middle Cretaceous ISBS of the Middle East, 679 

which formed 50-100 m deep basins extending hundreds of kilometers across extensive 680 

shallow water platforms (Murris 1980;Van Buchem et al, 2002). The age of the Malita ISB 681 

(from its initiation ca. 3.5 Ma BP to the present day)  is comparable with the typical duration 682 

of a complete cycle of initiation and filling of the Arabian ISBs (ca. 2.5 – 7 Ma; Droste, 2010; 683 

van Buchem et al., 2011). In both ancient systems and the Malita ISB, the 3rd-order 684 

stratigraphic architecture is mainly driven by the fluctuations in accommodation. The 685 

initiation of ancient intra-shelf basins and their first stages of evolution were associated with 686 

3rd-order transgressive events marked by differential sedimentation rates (Van Buchem et al., 687 

2010; Droste, 2010), where carbonate growth initiated along low gradient basins associated 688 

with a subtle topography (Razin et al., 2010). In the Malita ISB, Late Pliocene transgression 689 



occurred over a low gradient basement topography shaped by the Mio-Pliocene flexural 690 

reactivation of the Malita Graben (Harrowfield et al., 2003; Bourget et al., 2012). In the ISB 691 

centre, differential carbonate aggradation in Unit A resulted in depositional geometries 692 

comparable with those observed in the Arabian ISBs (Van Buchem et al, 2002; Droste and 693 

Steenwikel, 2004; Droste, 2010; Razin et al., 2010), e.g. km-scale individual platforms 694 

separated by seaways and deeper water inter-platform areas. The carbonate platforms of the 695 

Arabian ISBs rose 40-70 m above the surrounding inter-platform lows (Razin et al., 2010), 696 

comparable with the values observed in the Malita ISB in Unit A. In the ISB center, data 697 

available suggest that the carbonate platforms preferentially grew on subtle topographic highs 698 

probably associated with erosional highs and/or positive topography induced by underlying 699 

carbonate platforms of Miocene age (Fig. 10). In fossil ISBs (Van Buchem, 2002; Droste, 700 

2010), it was also proposed that the heterogeneous distribution of carbonates resulted from 701 

subtle variations in basin topography induced by sand dunes, faulting, salt doming or flexural 702 

isostacy (Aigner et al., 1989; Droste, 2004, Jorry and Bievre, 2011).Razin et al. (2010) 703 

estimated the rate of accommodation under which differential carbonate aggradation occurred 704 

in the Cenomanian-Turonian ISBs of Iran in the range of 30-50 m/Myr, e.g., comparable to 705 

the estimated accommodation of Unit A in this study. Under those conditions, and despite the 706 

differences in carbonate biota (e.g., dominance of rudists in the Cretaceous; Droste et al., 707 

2010), the carbonate factories of both systems were locally able to keep up with the relative 708 

sea level rise. Thus, in both the Cretaceous Arabian and Malita examples the initial 709 

architecture of the ISBs resulted from differential carbonate aggradation in conditions of 710 

relative sea level rise and low to moderate subsidence (Razin et al., 2010).  711 

In the Cretaceous ISBs of Arabia this initial transgressive period was commonly 712 

followed by regression and progradation of the ISB platforms, which in cases coalesced into 713 

larger platforms and filled up the inter-platform areas (Droste et al., 2010; Razin et al., 2010). 714 



Decreasing accommodation was commonly accompanied with progressive emersion of the 715 

carbonate platforms, channel incision and clastic infill of the remaining seaways between the 716 

platforms. This upper regressive sequence terminates the 3rd-order depositional cycles of the 717 

Arabian ISBs (Droste et al., 2010). In contrast, platform exposure in the Malita ISB (D2 & 718 

D3) did not result from a long-term sea level fall and regressive conditions, but rather from 719 

two episodic, high-amplitude glacial lowstands at 0.63 and 0.44 Ma BP (Fig. 21A). 720 

Widespread progradation of the ISB platforms did not occur because tectonically-induced, 721 

differential subsidence induced a second 3rd-order transgressive cycle (Fig. 22). While 722 

carbonate aggradation continued along the edges of the intra-shelf basin, platforms within the 723 

rapidly subsiding ISB center could not keep up with the repeated, 4th-ordersea level rises and 724 

were progressively smothered by the clastic input during the 4th-order lowstands (Fig. 22& 725 

23). Thus, the Cretaceous ISBs of Arabia were mainly controlled by eustasy (Razin et al., 726 

2010), whilst the stratigraphic architecture of the Malita ISB is strongly controlled by 727 

differential subsidence and the occurrence of high-frequency, high-amplitude eustatic 728 

variations superimposed to the 3rd-order changes in accommodation. These constitute major 729 

differences between the stratigraphic evolution of the Arabian and Malita ISBs that are, 730 

moreover, concomitantly associated with different climatic conditions (i.e. greenhouse for the 731 

Cretaceous ISBs of Arabia and icehouse for the Plio-Quaternary Malita ISB). 732 

Tidal and fluvial incisions are widespread in the Arabian ISBs and they can have a 733 

major impact on reservoir architecture and heterogeneity depending of their size, their 734 

stratigraphic occurrence and the properties of their infill (Grelaud et al., 2005; 2010). Wide 735 

(1-2 km) and long (> 100 km) incisions developed along sequence boundaries at the top of the 736 

3rd-order regressive sequences in the ISBs or Arabia (Grelaud et al., 2010). Channels formed 737 

along the top of the exposed platforms and drained into the inter-platform areas and seaways 738 

in between the platforms (Droste et al., 2010). Comparable geomorphologies are observed in 739 



the Malita ISB and D2 forms a 3rd-order sequence boundary separating the two transgressive 740 

cycles (Fig. 22). While the lowstand incisions developing at the top of the Arabian ISB 741 

platforms are filled with carbonate sediments during subsequent transgressions (Grelaud et al., 742 

2010), the fluvial channels mapped on D2 and D3 are associated with point-bar deposits in the 743 

inter-platform areas (Fig. 18 & 19) suggesting the occurrence of sandy fluvial deposits 744 

embedded within low-amplitude (presumably mud-rich) deposits above and below them (Fig. 745 

4 & 5). Tidal and fluvial channels are also widely developed in the seaways and inter-746 

platform lows separating the carbonate platforms. Such features could potentially form 747 

isolated clastic reservoirs associated with stratigraphic traps within an overall ISB carbonate 748 

setting.  749 

 750 

CONCLUSION 751 

This study shows that the Bonaparte Basin is an outstanding region for studying the 752 

depositional geometries and the controls on stratigraphic architecture of intra-shelf basin 753 

carbonates in a low-latitude, very wide shelf setting. Intra-shelf basin carbonate sedimentation 754 

initiated following a late Pliocene transgression over a low gradient basement topography 755 

shaped by the Mio-Pliocene flexural reactivation of the Malita graben. This basement 756 

topography (and its later reactivation during the Late Quaternary) had a major influence on 757 

the spatial distribution of carbonates in the basin. Indeed, wider and more densely distributed 758 

platforms initially developed along the edges of the Malita ISB while smaller and more 759 

isolated platforms formed in its deeper centre. This configuration persisted to the present day.  760 

In the ISB centre, the first transgressive cycle (Late Pliocene to middle Quaternary) was 761 

accompanied by differential carbonate aggradation which resulted in the formation of 3-10 762 

km-wide isolated platforms, aggrading and rising 30-90 m above the interplatform areas. This 763 



basal transgressive cycle terminated with a short-duration, high-amplitude eustatic fall event 764 

which caused widespread platform exposure and fluvial incision. Following this exposure 765 

event a major increase in subsidence rates initiated a new transgressive cycle marked by the 766 

progressive demise and burial of the platforms in the ISB center. High amplitude (> 100 m), 767 

high frequency (ca. 100 kyr) eustatic variations superimposed to this longer-term (3rd) 768 

transgression trend. In the rapidly subsiding ISB center the carbonate platforms were 769 

repeatedly drowned during the abrupt postglacial sea level rises, and progressively smothered 770 

by clastic sediments brought into the basin during the repeated high-amplitude lowstands. In 771 

contrast, carbonate platform aggradation continued along the shallow-water edges of the 772 

Malita ISB throughout the Late Quaternary. This suggests that differential subsidence took 773 

place, probably as a result of a renewed flexural reactivation of the Malita Graben. This 774 

mechanism is at the origin of the spatially heterogeneous distribution of the  intra-shelf basin 775 

carbonates.  776 

The Plio-Quaternary Malita ISB constitutes the first real modern analogue for ancient 777 

intra-shelf basins that formed along wide epeiric shelves and commonly host important 778 

hydrocarbon accumulations. Comparison with the Cretaceous ISBs of the Middle East 779 

suggests that the main mechanism controlling the global architecture of ISB carbonates is 780 

differential carbonate aggradation over an irregular shelf topography during an initial 781 

transgressive phase. However, the occurrence of differential subsidence, its impact on the 782 

rates of accommodation creation and the superimposition of high-frequency, high-amplitude 783 

eustatic cycles on these 3rd-order trends appear as major controls on the stratigraphic 784 

evolution of the Malita ISB carbonates. This constitutes a major difference with ancient intra-785 

shelf basins successions which are thought to be dominantly controlled by eustasy.    786 

 787 
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 1116 

CAPTIONS 1117 

Figure 1: (A) Location map and physiography of the Bonaparte Basin (NW shelf, Australia). The blue 1118 

colors (light to dark) correspond to the deepest bathymetry (100 – 2000 m water depth), green colors 1119 

correspond to the shallow bathymetry (0-100 m below present sea level), the blue bold line represents the 1120 

coastline and the yellow colors the continental area. The location of the Malita ISB isindicated by the red 1121 

dashed line. The black polygon represents the Malita 3D seismic data set. Grey lines correspond to the 2D 1122 

seismic data used in this study. The red cross corresponds to the Darwinia-1A exploration well. (B) 1123 

Simplified tectonic setting of SE Asia (redrawn from Keep et al. 2007), the grey shaded areas correspond 1124 

to the continental platforms (< 120 m water depth). 1125 

Figure 2: modern bathymetry of the 3D seismic area derived from the time structure map of the sea bed 1126 

horizon. Water depth (in m below present sea level) has been converted from seismic TWT using a water 1127 

seismic velocity of Vp=1500 m/s. The seismic sections aa’, bb’ and cc’ are presented on Figure 12. The 1128 

mailto:julien.bourget@uwa.edu.au


seismic sections dd’ and ee’ are presented on Figures 4 and 6, respectively. White boxes show the location 1129 

of the maps showed in Figures 7, 8 & 13-20. 1130 

Figure 3: Interpretation of seismic facies based on the description and analysis of seismic geometries, 1131 

reflection, configuration, continuity and amplitude strength. Interpretations are also based on seismic 1132 

geomorphologies. TWT means Two Way Time. 1133 

Figure 4: Seismic stratigraphy of the Malita ISB on the seismic cross-section d-d’ (location on Figure 2). 1134 

(A) uninterpreted seismic profile showing the location of Figures 5A and 5B and the distribution of 1135 

seismic facies; (B) interpreted seismic profile showing the three seismic unconformities D1, D2 and D3 1136 

highlighted by their stratal terminations (red arrows) showing downlaps, truncations, and onlaps. These 1137 

unconformities are bounding two depositional units (Unit A and B). Note the presence of velocity pull-ups 1138 

(V-P.U) beneath carbonate platforms as well as the seabed multiple. 1139 

Figure 5: Seismic stratigraphy of the Malita ISB (see location on Fig. 4). Stratal terminations (onlaps, 1140 

downlaps and truncations) are indicated by the black arrows. The left panel (A) shows a close up on 1141 

carbonate platform which was buried in Unit B (above D2). The right panel (B) shows a close up on a 1142 

carbonate platform which was partially buried in Unit B and above which only small, isolated build ups 1143 

developed. Seismic facies illustrations are indicated by red straight lines. 1144 

Figure 6: Composite seismic profile crossing the study area from the north-western edge of the intra-shelf 1145 

basin to its centre. In Unit B the carbonate platforms of the ISB center were progressively drowned and 1146 

buried while the carbonate aggradation continued along its shallower-water edges. Modern water depths 1147 

are indicated. Location of area is shown on Figure 2. 1148 

Figure7: Perspective views (A and B) of RMS amplitude maps of the carbonate platforms along the 1149 

unconformity D1 (A) and along a random horizon in Unit A (B) in the Malita ISB centre. Red and dark 1150 

colors represent high and low amplitudes, respectively. Panel (A) highlights the incised geomorphology 1151 

(fluvial or tidal channels) present along D1 at the base of Unit A. In panel (B) the carbonate platforms 1152 

have aggraded and are at places separated by inter-platform seaways. Tide-dominated incisions have 1153 

developed in the lower areas in between the carbonate platforms (within the seaways and in the ISB 1154 

center). Location of area is shown on Figure 2. 1155 



Figure8: Perspective views (A and B) of RMS amplitude maps of the carbonate platforms along the 1156 

unconformity D2 (A) and along a random horizon in Unit B near the seabed (B) in the Malita ISB center. 1157 

Red and dark colors represent high and low amplitudes, respectively. In panel (A) the carbonate 1158 

platforms have reached their maximum size and fluvial channels develop in the center of the ISB. In panel 1159 

(B) the carbonate platforms have significantly reduced in size as a result of backstepping and partial 1160 

burial (Unit B). They are restricted to smaller, isolated build-ups. Location of area is shown on Figure 2. 1161 

 1162 

Figure 9: Coherency attribute map draped over RMS amplitudes showing the paleogeography of the 1163 

Malita ISB along the unconformity D2 (A) and the seabed (B). Red and dark colors represent high and 1164 

low amplitudes, respectively. Note the backstepping and partial burial of the carbonate platforms between 1165 

D2 and the present day seabed (Unit B). 1166 

Figure10:2D seismic line showing the location of the well Darwinia-1A and the Neogene seismic 1167 

stratigraphy of the intra-shelf basin. See location on Figure 1. 1168 

Figure 11: Borehole geophysical (gamma-ray), lithology and stratigraphy log of the exploration well 1169 

Darwinia-1a compiled from the well completion report. Biostratigraphy data is from Rexilius and Islam 1170 

(1985). Nannoplankton subdivision from Martini (1971).  See location on Figure 15. 1171 

Figure12: Internal architecture of the inter-platform seaways observed on composite seismic cross 1172 

sections aa’, bb’ and cc’ (See location on Figure 2). The inter-platform seaways form long-lived features 1173 

(remaining in a stable position throughout Unit A) associated with a complex internal architecture 1174 

showing repeated incisions and filling phases and dominantly high seismic amplitudes. The inter-platform 1175 

seaways are interpreted as areas of increased current velocity when the platforms are flooded (4th-order 1176 

sea level rises and highstands) in Unit A. The seaways are filled with sediments in Unit B as most 1177 

carbonate platforms of the ISB center get progressively buried. 1178 

Figure13: : Inter-platform seaways observed on perspective view of RMS amplitude map of a random 1179 

horizon in Unit A cut by an arbitrary seismic line. RMS amplitude map reveals the presence of smaller 1180 

(tidal and/or fluvial) incisions along the paleo-valley floor of the seaways (green and yellow colors indicate 1181 

higher amplitudes) and thought to form during the high-frequency (4th order) lowstands in Unit A. 1182 



Figure14: Reflection amplitude extraction along a random horizon in Unit A  (above D1), showing 1183 

different kinds of tidal channels and associated tributaries in the basin center and between the carbonate 1184 

platforms . These geomorphologies imply periods of lower sea levels and near platform exposure in Unit 1185 

A, consistent with the high-frequency sea level record of the Late Pliocene and early Quaternary (Figure 1186 

21A). Location of area is shown on Figure 2. 1187 

Figure15: Reflection amplitude extraction along a random horizon in Unit A  (below D2), showing 1188 

different kind of tidal tributaries and associated main channels, tidal ponds and carbonate platforms 1189 

geomorphologies . These geomorphologies imply periods of lower sea levels and near platform exposure in 1190 

Unit A, consistent with the high-frequency sea level record of the Late Pliocene and Early Quaternary 1191 

(Figure 21A). Location of area is shown on Figure 2. 1192 

Figure 16: Reflection amplitude extraction along the unconformities D2 showing carbonate platforms,  1193 

fluvial (F) and undifferentiated (F/T) channels along the inter-platform seaways and in the ISB centre. 1194 

Some of these channels are characterized by narrow meandering geomorphologies fed by dendritic 1195 

tributaries typical of fluvially-incised valley systems. These geomorphologies indicate that D2 was 1196 

associated with platform exposure. 1197 

Figure 17: Reflection amplitude extraction along the unconformities D3 showing isolated build-ups (ibu) 1198 

that result from antecedent carbonate platform (D2, Figure 16) backstepping and burial. This image also 1199 

show fluvial (F) channels geomorphologies in the ISB centre. Some of these channels are characterized by 1200 

narrow meandering geomorphologies fed by dendritic tributaries typical of fluvially-incised valley 1201 

systems. These geomorphologies indicate that D3 was associated with platform exposure.  1202 

Figure18: Perspective view of RMS amplitudes along the seismic unconformity D3 in the south-eastern 1203 

corner of the 3D seismic survey showing a meandering channel and its tributaries, interpreted as a fluvial-1204 

dominated incised valley in the center of the Malita ISB during a period of platform exposure. See 1205 

Location on Figure 2. 1206 

Figure 19: Seismic sections (A) and 262 ms time slice (red dashed line; B) showing the seismic expression 1207 

of a meandering channel and its tributaries, interpreted as a fluvial-dominated incised valley. The time 1208 

slice roughly corresponds to the horizon D2 (Fig. 4). Note the deeper incision of the main valley in 1209 

comparison to its tributaries The apparent amplitude reversal between the main valley (appearing in plan 1210 



view with lower amplitudes, black colors) and its tributaries (higher amplitudes in plan view, white colors) 1211 

is due to the time slice being extracted just above the main channel and cross-cutting the seismic 1212 

reflections. (C) A possible modern analogue for this fluvial-dominated channel from the Leichhardt River 1213 

catchment in the Gulf of Carpentaria, in NE Australia (image from Google Earth). 1214 

  1215 
Figure 20: (A) Coherency attribute draped over the time structure map of D2 showing the absence of 1216 

faulting in the Malita ISB; (B) Coherency attribute map of D1 showing evidences of sparse, WSW-ENE 1217 

trend, normal faulting in the Malita ISB center (location on panel A); (C) Fault interpretation in cross 1218 

section (location on panel A). While Unit A is affected by low-offset, normal faulting, Unit B does not 1219 

present any evidences of fault activity. 1220 

Figure21: Global sea-level and estimated subsidence and accommodation fluctuations in the ISB centre 1221 

during the Plio-Quaternary. (A) The black curve represents the high-resolution global seal level 1222 

reconstructed from the oxygen isotope record (from Miller et al., 2005). The red (D1 & D2) and black (D3) 1223 

lines represent the depth (burial) curves of the surfaces D1, D2 and D3. These were plotted using (1) an 1224 

estimated paleo-bathymetry of 0m at their time of formation and (2 )the sediment thickness between each 1225 

surfaces and the modern sea floor (MSF) corresponding to ΔD1-D2, ΔD2-D3 and ΔD3-seafloor.The 1226 

suffixes "ini." and "fin." stand for initial and final depths of each surface, respectively. Burial rates are 1227 

approximated as the mean subsidence rates between D1-D2, D2-D3 and D3-present day. Depths and 1228 

thicknesses were calculated from seismic data (using a constant velocity of Vp = 1800 m.s-1) in the deepest 1229 

part of the ISB centre (measured point “MP” in panel B) corresponding to a modern bathymetry of -1230 

135m. (C) The accommodation curve (black) was computed by combining the global seal level data with 1231 

the estimated subsidence rates. Mean estimated Accommodation Rise Rates (ARR) have been calculated 1232 

using a simple linear regression between D1-D2 and D2-present day.  1233 

Figure 22: Schematic summary of the 3rd order sequence stratigraphic evolution of Malita ISB centre 1234 

during the Late Pliocene and Quaternary. Unit A is interpreted as a 3rd-order transgressive sequence of 1235 

Late Pliocene and Early to Middle Quaternary age. This unit is associated with an overall aggradation of 1236 

the carbonate platforms in the Malita ISB above the early/Late Pliocene sequence boundary D1. High-1237 

frequency sea level fluctuations resulted in repeated, 4th-order lowstands during which mainly tidal 1238 

channel networks developed in between the carbonate platforms. Unit B is also interpreted as a 3rd-order 1239 

transgressive sequence of Late Quaternary age. This sequence is however associated with (1) much higher 1240 



rate of accommodation creation (renewed subsidence) at 3rd-order and; (2) increased input of siliciclastic 1241 

sediments into the ISB center during the 4th-order, high-amplitude sea level lowstands of the Late 1242 

Quaternary. This resulted in the backstepping, drowning and partial burial of carbonate platforms in the 1243 

deepest part of the ISB centre. In this area, above the sequence boundary D2, carbonate production 1244 

became restricted to small, isolated build-ups that developed on the highest point of the underlying 1245 

carbonate platforms. These isolated build-ups are drowned (located at water depths > 100 m) at present 1246 

day.  1247 

 1248 

Figure 23: Schematic model of 4th–order depositional cycle of the Malita ISB during the Late Quaternary 1249 

(Unit B). During this period the Malita ISB is associated with differential subsidence (e.g., higher 1250 

subsidence in theISB centre than along its edges). The interplay between high-frequency, high-amplitude 1251 

sea level changes and differential platform topography resulted in diachronous platform growth rates: (A) 1252 

carbonate platforms grow along the edges of the ISB during 4thorder TSTs and HSTs, whereas the 1253 

isolated build-ups of the ISB centre are drowned during HSTs and are active during TSTs and Falling 1254 

Stage System Tracts (FSSTs). LSTs are marked by isolated build-ups exposure and clastic infill in the ISB 1255 

centre. Blue arrows indicate relative sea-level changes. 1256 
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