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Abstract :   
 
How and when sediment moves from shallow marine to deep-water environments is an important and 
poorly understood control on basin-scale sediment dispersal patterns, the evolution of continental 
margins, and hydrocarbon exploration in deep-water basins. The Golo River (Eastern Corsica, France), 
its delta, canyons, and fans provide a unique opportunity to study sediment routing from source to sink in 
a relatively compact depositional system. We studied this system using an array of high-frequency seismic 
data, multi-beam bathymetry, and five cores for lithology and age control.  
 
Movement of sediment to deep water was controlled by interactions between the Golo River, the Golo 
Delta, and shelf-penetrating submarine canyons. Sediment moved to deep water when lobes of the Golo 
Delta prograded to the heads of these canyons, or when the Golo River itself flowed directly into one of 
them. Sand accumulated in canyons, deep-water channels, and submarine fans during glacial periods of 
low sea level, while mud was deposited throughout the slope, in the relatively short reach of leveed-
confined channels, and in the mud-rich fringes around the sandy fans. During interglacial periods of high 
sea level, the basin was blanketed by mud-rich deposits up to 10 m thick interbedded with distinctive 
carbonate-rich sediments. Deposition rates in the basin ranged from 0.07 m/ka to 0.59 m/ka over the last 
450 ka. Mud deposition rates remained relatively constant at ¡«0.16 m/ka during all time periods, while 
sand deposition only happened during glacial periods of low sea level with an average rate of 0.24 m/ka.  
 
In addition to sea-level controls on sediment delivery, avulsions of the Golo River and its deltaic lobes 
preferentially routed sediment down either the North or South Golo canyons. Thus, while the larger, 
sequencescale architecture of the basin is controlled by allogenic sea level forcing, millennial-scale 
autogenic processes operating on the shelf and in deep water shaped the distribution of sand and mud, 
and the internal geometry of the deltas and submarine fans that they fed. While some aspects of the Golo 
system are characteristic of steep, tectonically active margins, others such as the nature of connections 
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between rivers and shelf-penetrating submarine canyons are observed in most margins with active 
submarine fans regardless of their tectonic setting. 
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deposition only happened during glacial periods of low sea level with an average rate of 0.20 28 

m/ka. 29 

In addition to sea-level controls on sediment delivery, avulsions of the Golo River and its 30 

deltaic lobes preferentially routed sediment down either the North or South Golo Canyon. Thus, 31 

while the larger, sequence-scale architecture of the basin is controlled by allogenic sea level 32 

forcing, millennial-scale autogenic processes operating on the shelf and in deep water shaped the 33 

distribution of sand and mud, and the internal geometry of the deltas and submarine fans that 34 

they fed. While some aspects of the Golo system are characteristic of steep, tectonically active 35 

margins, others such as the nature of connections between rivers and shelf-penetrating submarine 36 

canyons are observed in most margins with active submarine fans regardless of their tectonic 37 

setting. 38 

 39 

INTRODUCTION 40 

New insights into deep-water depositional systems are coming from a growing body of 41 

literature that describes the geometry and facies distribution observed from high-resolution 42 

seismic, multi-beam bathymetry, and core data in Quaternary deep-water systems (e.g., 43 

Babonneau et al., 2002; Deptuk et al., 2008; Maier et al., 2012; Sylvester, 2012; Paull et al., 44 

2013; Jobe et al., 2015; Picot et al., 2016). These studies provide a richer understanding of three-45 

dimensional facies geometries relative to outcrops and enable deep-water systems to be more 46 

clearly placed in the context of external controls such as climate, tectonic setting, sea level 47 

change, and basin morphology as well as inherent autogenic processes.  48 

This study examines the Golo system of eastern offshore Corsica using a relatively 49 

closely spaced grid of high-resolution, multi-channel sparker seismic data (400 to 800 m 50 
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spacing), multi-beam bathymetry, and lithology and chronological constraints from 5 long (up to 51 

126 m) cores to document facies distribution and sediment flux through a Quaternary system 52 

from deltas to slope canyons and to submarine fans (Figures 1 and 2). The Corsica Trough was 53 

chosen for this study because it is a compact basin where seismic data could be acquired across a 54 

range of depositional environments from deltaic to deep-water fans in a depositional system that 55 

was constrained by previous work.   These seismic data allowed us to map sediment volumes in 56 

5 depositional sequences spanning the last ~450 ka. We utilized a variety of geochronological 57 

tools (14C, Optically Stimulated Luminescence (OSL), and δ18O curves) to date the timing of 58 

sediment flux into the basin and to determine rates of sedimentation through multiple sea level 59 

cycles. 60 

The objectives of this study are:  61 

1) Map and interpret the shape, distribution, and origin of sedimentary bodies. 62 

2) Quantify how the mud and sand fractions of sediment loads are partitioned between shelf, 63 

slope and deep-water environments. 64 

3) Quantify how and when sediment moved from the shelf into deep water. 65 

4) Examine the external controls on deep-water-fan growth. 66 

 67 

Corsica and the East Corsica Basin 68 

Corsica is a mountainous island in the western Mediterranean Sea 85 km wide and 180 69 

km long, with the highest peaks rising to an elevation of over 2700 m. On the western margin of 70 

the island the mountains come down to the coast and there is only a narrow coastal plain (Figure 71 

1). Offshore, water depths rapidly fall off to over 2500 m. In contrast, the eastern margin of the 72 

island has a wider coastal plain (about 15 km) that represents the alluvial plains and deltas of the 73 
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Golo and Tavignano rivers (Figure 1).  These rivers are short, high-gradient streams with flashy 74 

discharges and high sediment yields that are capable of generating hyperpycnal flows when in 75 

flood stage (Mulder and Maneaux, 1999).  In our study area, sediment is primarily delivered by 76 

the Golo River (Figure 1).  77 

The present-day shelf ranges in width from 4 to 9 km within the limits of our study area, 78 

and the strong, north-directed Tyrrhenian Current sweeps it clear of fine-grained Holocene 79 

sediment (Astraldi and Gasparini, 1992; Pluquet, 2006). The shelf-slope break occurs at -120 m. 80 

The continental slope leading to the south-plunging Corsica Trough is narrow with a gradient of 81 

3 to 5 degrees, and water depths of over 900 m (Figure 1).  The eastern side of the Corsica 82 

Trough is formed by a structural high, the Pianosa Ridge, which is steeper than the Corsica side 83 

of the Trough. The slope here dips westward at 3.5 to 7.5 degrees (Deptuck et al., 2008). Most of 84 

the Pianosa Ridge is submerged with the small island of Elba being the largest nearby landmass 85 

(Figure 1). While there are no canyons on the eastern side of the basin, seismic mapping by 86 

Miramontes et al (2016a and b) shows evidence for slumps and slides, as well as extensive 87 

contourite deposits. Our seismic mapping, discussed below, suggests there is little sediment 88 

contribution from the Pianosa Ridge to the Corsica Trough, with the exception of some localized 89 

debris flow deposits. 90 

More broadly, the island of Corsica and the adjacent Corsica Trough are part of a backarc 91 

basin associated with the early Miocene opening of the Tyrrhenian Sea (Jolivet et al., 1998). The 92 

basin contains up to 10 km of Pleistocene to Miocene-age syn-rift and post-rift sediments 93 

(Mauffert et al, 1999).  The other major factor that affected the Neogene configuration of this 94 

area was the Miocene evaporation of the Mediterranean which caused a dramatic regrading of 95 

rivers and incision of canyons all along the Mediterranean coastline with Corsica being no 96 
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exception (Hsu, 1973; Ryan, 2009). The Messinian erosion surface can be seen on some of our 97 

seismic data, but it is well below the maximum depth of investigation for this study.  98 

 99 

Previous Work on Golo/Corsica Basin  100 

The first seismic data shot across the Corsica Trough (Gabin, 1972) showed the general 101 

configuration of the basin. Seismic and piston-core data published by Stanley et al. (1980) more 102 

thoroughly characterized the Golo fans and provided insight into the near-surface Quaternary 103 

sediment types and their ages. Bellaiche et al. (1994) published a detailed bathymetric map of the 104 

area covering the North and South Golo canyons and the North and South Golo fans. Gervais et 105 

al. (2004) and Gervais et al. (2006) mapped major depositional elements of the North and South 106 

Golo canyons, as well as their associated channels, levees and lobe complexes from >1000 km of 107 

sparker seismic data and 35 shallow cores. In addition, they provided a stratigraphic framework 108 

for the last 40 ka.  Deptuck et al. (2008) focused on the youngest deposits, primarily from the 109 

submarine fans, using 1300 km of ultra-high resolution, deep-towed seismic boomer profiles.  110 

Sømme et al. (2011) took a source-to-sink approach to the Golo system. They mapped 111 

and dated the Upper Quaternary onshore deposits of the Golo River, calculated sediment fluxes 112 

and used the stratigraphic framework of Deptuck et al. (2008) to analyze the controls on 113 

sediment routing for the last 60 ka. Their study interpreted a nonlinear relationship between 114 

onshore and offshore depositional environments with potential temporary storage and release of 115 

sediment on the shelf. Deptuck et al. (2008) and Sømme et al. (2011) based their sediment flux 116 

calculations on an age model based on seismic mapping calibrated to 14C ages from shallow 117 

cores.  Calves et al. (2013) pursued a similar source-to-sink analysis using very high-resolution 118 

sub-bottom profiler and high-resolution sparker data. Their age model was based largely on 119 
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comparison of δ18O and XRF-Ca intensity curves with global standards, and resulted in an age 120 

model with older maximum ages (120 ka with up to 18 ka discrepancy) than the age model that 121 

Deptuck et al. (2008) and Sømme et al. (2011) had used. With their method, Calves et al. (2013) 122 

were able to provide age estimates for a slightly deeper portion of the fan, which allowed them to 123 

run a source-to-sink analysis for the last 130 ka (i.e., over a full sea-level cycle). Calves et al. 124 

(2013) highlighted a potential mismatch between the volume of sediments deposited offshore 125 

and the predicted denudation rates from long-term averages. Toucanne et al. (2015) used the 126 126 

m-long GDEC-4 core to provide a chronostratigraphic framework for the East Corsica margin 127 

over the last ca. 450 ka, calibrated to seismic data. They interpreted their continuous, high-128 

resolution paleo-climatic record to reveal a close coupling between river runoff and glacial-129 

interglacial climate changes. Forzoni et al. (2015) studied sediment fluxes in the Golo River 130 

drainage using OSL dating and numerical models compared to the sediment yield derived from 131 

volumes and ages in the submarine fans from both Sømme et al. (2011) and Calves et al. (2013). 132 

They interpreted mismatches to represent episodes of sediment storage within the catchment, and 133 

lag times in sediment transport from the catchment area, as controlled by climate, sea-level 134 

changes and local geomorphic thresholds. Miramontes et al. (2016b) related geostrophic 135 

circulation through the Corsica Trough to the deposition of thick drift deposits along the eastern 136 

margin of the trough. 137 

 138 

METHODS AND DATA 139 

Seismic Data and Seismic Interpretation 140 

Seismic and bathymetric data were gathered in June of 2008 by the IFREMER research 141 

vessel Le Suroît, as part of a joint research consortia between IFREMER, ExxonMobil and Total. 142 
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Le Suroît acquired 2950 km of multi-channel, sparker seismic data, referred to herein as the 143 

Sigolo survey (Savoye, 2008), along with very high-resolution, sub-bottom profiler (CHIRP 144 

mode) seismic data (Figure 2). Seismic and bathymetry data could only be acquired for that part 145 

of the outer and middle shelf where water depths exceeded 30 m due to the draft of the Le Suroît. 146 

Sigolo data were post-stack time-migrated and have a frequency content ranging from 147 

130 to 750 Hz with a vertical resolution of 2 to 4 m. Line spacing was on a variable 800 m to 400 148 

m grid, with more closely spaced lines acquired in the vicinity of the Golo canyons and in the 149 

channel to lobe transition of the South Golo Fan (Figure 2). Seismic data were reprocessed after 150 

the cruise to enhance imaging below the modern-day continental shelf and reduce the impact of 151 

multiples.  Wells were tied to the reprocessed seismic data using a constant velocity of 1600 m/s 152 

below the mudline for the time/depth conversion. This velocity produced a good tie between 153 

marls observed in core and high amplitude seismic reflections observed in the seismic data over 154 

the basin. This character tie is more uncertain on the shelf were sediments are uniformly sandy 155 

and could have higher seismic velocities due to compaction and cementation. 156 

Seismic interpretation was done on a workstation using PetrelTM software. While there is 157 

some controversy about how apply sequence stratigraphic techniques to mapping deep water 158 

deposits (i.e., Neal and Abreu, 2009; Catuneanu, 2019), the following approach helped us to 159 

interpret these data.   We first looked for extensive surfaces that showed stratal terminations 160 

(downlap, truncation and onlap). Following Mitchum (1985) downlap surfaces that could be 161 

correlated across the study area are interpreted to represent submarine fan deposits resting on a 162 

sequence boundary. Our definition of sequence boundaries follows Posamentier and Vail (1988). 163 

We then identified the first basin-wide, high-amplitude, continuous seismic reflection that draped 164 

the underlying stratigraphy (Figure 3). These surfaces were termed flooding surfaces.  Surfaces 165 
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are assigned numbers, with the lowest numbers being the oldest, and we use the prefixes FS for 166 

flooding surfaces and SB for sequence boundaries. To begin mapping, a series of looped and tied 167 

seismic sections were constructed, starting in the deep basin. In some cases, reflections mapped 168 

in the deep basin could be traced up the slope and onto the shelf, but many are lost due to 169 

thinning or onlap in the upper slope. Furthermore, submarine canyons on the slope and the larger 170 

submarine channels are a challenge to correlate across. In most cases it is impossible to 171 

accurately correlate seismic events within the channel-fill deposits to a reflection outside the 172 

channel or canyon because of the chaotic character of the seismic facies in the channel or 173 

canyon. However, by tracing lines around the canyons it is possible to identify the same 174 

reflection on both sides of the canyon and in that way develop a consistent stratigraphic 175 

framework.  We used these basin-wide surfaces to define depositional sequences bounded at the 176 

base and top by sequence boundaries. In terms of mapping and understanding the distribution of 177 

lithofacies we found it more useful to map systems tracts (Posamentier et al, 1988) than 178 

sequences. The lowstand systems tract being defined by sediments between the sequence 179 

boundary and the flooding surface (Van Wagoner et al., 1990). As we were not able to 180 

consistently map the maximum flooding surface that separates the highstand from transgressive 181 

systems tracts we lumped them together (i.e., the sediments between the flooding surface and the 182 

overlying sequence boundary) for mapping purposes. 183 

The approach of identifying surfaces marked by downlap, onlap, reflection terminations 184 

and draping high-amplitude continuous seismic facies was applied sequentially to smaller and 185 

smaller scale stratigraphic units.  However, our more detailed mapping was restricted to the 186 

deep-water basin due to the numerous multiples that underlie the shelf part of the succession, and 187 

was performed at finer stratigraphic levels only in the youngest shelf deposits. 188 
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 189 

Core Data 190 

In September 2009 a coring program, the Golodrill survey, was undertaken in 191 

collaboration with IFREMER, Total, ExxonMobil and Fugro N. V. using the Fugro drillship R/V 192 

Bavenit (Jouet, 2018). Five cores ranging in length from 65 to 126 m were collected on a shelf-193 

to-basin transect along the South Golo Canyon and Fan (Figure 2).  Overall the coring program 194 

was extremely successful. High recoveries were expected in fine-grained intervals, yet they 195 

remained high within the sand- and gravel-rich intervals as well, such that total recovery ranged 196 

from 75 to 93% (Table 1).  197 

Cores were analyzed and described at IFREMER’s lab in Brest, France where measurements 198 

were made of total natural gamma ray radioactivity, laser particle size analysis as well as 199 

calcimetry. Oxygen and carbon isotopes from benthic and planktic foraminifera were done at the 200 

LSCE (Toucanne et al., 2015). Cores were also sampled for Optically Stimulated Luminescence 201 

(OSL) and 14C dating.  202 

 203 

Lithfacies from core 204 

Cores GDEC-1 and GDEC-3 were collected on the shelf to obtain data on the lithology 205 

and age of shelf deposits. GDEC-1 was drilled in 116 m of water on seismic line Sigolo-034b 206 

near the shelf-slope break where initial interpretation suggested the occurrence of delta lobes 207 

attached to the canyon head (Figures 2 and Figure 4). GDEC-1 penetrated 75.2 m below the sea 208 

floor (mbsf; Table 1), and encountered a range of grain sizes from silt and clay to gravel. The 209 

lower 18 m is composed of gravel with carbonate cemented intervals, whereas the interval from 210 

57-22 mbsf is dominated by interbedded fine to medium sand and silty clay. A sharp-based, 211 
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fining-upward unit composed of gravel at the base and silty-clay at the top occurred between 22 212 

mbsf and 11 mbsf, and the upper 11 m is comprised of interbedded medium to coarse sand and 213 

silty clay (Figure 5).  GDEC-3 was drilled in 68 m of water at the intersection of seismic lines 214 

Sigolo-034b and Sigolo-066 where initial interpretations suggested the presence of an isolated 215 

delta lobe overlying the fill of a paleo-incised valley (Figures 2 and 4). GDEC-3 penetrated to a 216 

depth of 64.8 mbsf (Table 1), where carbonate-cemented coarse sand is encountered (Figure 5). 217 

Most of the cored interval consists of very fine to coarse sand.  From 38 mbsf to the surface there 218 

is an overall upward coarsening, starting in silt and ending in coarse sand at the sea floor. A thick 219 

conglomerate was found at 11 m. Based on their location, seismic and core facies, GEDEC-1 and 220 

GDEC-3 are interpreted to represent the deposits of prograding delta lobes and paleo-valley fills. 221 

GDEC-4 was drilled on the mid to lower slope, in 491 m of water to a depth of 125.7 222 

mbsf at the intersection of seismic lines Sigolo-085 and Sigolo-036 (Figure 6). The objective was 223 

to sample facies well removed from the submarine canyons in an area of relatively slow and 224 

continuous deposition to development a detailed δ18O record that could be used for dating (see 225 

Toucanne et al., 2015).  Aside from a few thin silt beds the core is primarily composed of silty 226 

clay and carbonate-rich silty clay, and included 9 marl layers that ranged in thickness from 1 to 8 227 

m (Figure 5).  228 

GDEC-6 and GDEC-8 were drilled on the submarine fan at depths of 826 m and 631 m 229 

respectively.  GDEC-6 was collected at the intersection of the Sigolo-058 and Sigolo-004 230 

seismic lines, and drilled to a depth 80.2 mbsf (Figures 2 and 7). This core was collected where 231 

seismic facies suggested the presence of sand-rich, lobe-margin deposits within two adjacent 232 

lobes of the South Golo Fan, high-amplitude continuous reflections between them that were most 233 

likely muds, and underlying high-amplitude continuous seismic facies that we hoped to use for 234 
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age control. The upper 50 m of the core is very sand-rich with grains of up to granule size. These 235 

sands show normal grading and other sedimentary structures consistent with deposition from 236 

turbidity currents. Unfortunately, due to time constraints the core could not be drilled deep 237 

enough to encounter the high-amplitude continuous seismic facies as planned, although a thick 238 

section of shale was recovered from 50 mbsf to 80 mbsf. This interval contained 3 marls ranging 239 

from 0.5 to 1.5 m in thickness.  GDEC-8 was drilled at the crossing of seismic lines Sigolo-048 240 

and Sigolo-007 to a depth of 108.8 mbsf (Figure 2). The drilling objectives of this location were 241 

to sample a proximal levee visible on bathymetric data, as well seismic facies interpreted as a 242 

channel-lobe transition (Figure 8). Core facies and gamma-ray data show that the proximal levee 243 

is muddier than expected, with slightly more silty layers at its base. Channel-lobe transition 244 

deposits consists largely of coarse sand and gravel interbedded with carbonate-rich draping muds 245 

(Figure 5). These sands show normal grading and other sedimentary structures consistent with 246 

deposition from turbidity currents 247 

 248 

Chronological Control 249 

We sampled cores for 14C and OSL dating, and oxygen isotope analyses. Benthic 250 

foraminifera and ostracod assemblages described from the GDEC-4 core, with results reported in 251 

Minto’o et al. (2016). 252 

Seventy samples for AMS radiocarbon dating were obtained from macrofossils (Pecten 253 

and other bivalves, Turritella and other gastropods), woody material and foraminifera in the 5 254 

cores, and were used to build our age model for the last 40 ka (Figure 5, Appendix 1).  Samples 255 

were analyzed by the Poznań Radiocarbon Laboratory, and lab results were corrected for a 256 

marine reservoir effect of 400 yrs, except for those from the period 15-17 ka, for which a 257 
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correction of 800 yrs was applied (Siani et al., 2001). Radiocarbon ages were calibrated to 258 

calendar years using CALIB Rev 7.0.0 (Stuiver and Reimer, 1993) and the IntCal13 calibration 259 

curve (Reimer et al., 2009). 260 

Twenty-two samples were collected for OSL dating from sands in the GDEC-1, GDEC-3, 261 

GDEC- 6 and GDEC-8 cores (Appendix 2). Although widely used in fluvial and other sand-262 

dominated environments on land, OSL techniques have rarely been applied to dating deep water 263 

deposits. We found that this technique gave excellent results and allowed direct dating of sands 264 

as old as 127 ka. Sample analyses were performed in the Utah State University (USU) OSL Lab. 265 

All samples were opened and processed under dim amber safelight conditions within the lab. 266 

Sample processing followed standard procedures involving sieving, gravity separation and acid 267 

treatments with HCl and HF to isolate the quartz component of a narrow grain size range, 268 

usually 90 150 μm. The purity of the samples was checked by measurement with infra red 269 

stimulation to detect the presence of feldspar. Sample processing procedures follow those 270 

outlined in Aitken (1998) and described in Rittenour et al. (2003, 2005). The USU lab follows 271 

the latest single-aliquot regenerative-dose (SAR) procedures for dating quartz sand (Murray and 272 

Wintle 2000, 2003; Wintle and Murray 2006).  273 

Stable carbon and oxygen isotopes were measured from planktic and benthic 274 

foraminifera. 18O/16O and 13C/12C ratios (δ18O and δ13C respectively, expressed in ‰ versus 275 

Vienna Pee-Dee Belemnite, VPDB) were measured at LSCE (Gif-sur-Yvette, France) on 276 

Finnigan Δ+, and OPTIMA and Elementar Isoprime GV mass spectrometers. VPDB is defined 277 

with respect to NBS-19 calcite standard (δ18O = −2.20‰ and δ C13C = +1.95‰). The mean 278 

external reproducibility (1σ) of carbonate standards is ±0.05‰ for δ18O and ±0.03‰ for δ13C. 279 

Measured NBS-19 δ18O is −23.3 ± 0.15‰ VPDB. The samples were cleaned in a methanol 280 
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ultrasonic bath for a few seconds and roasted under vacuum at 380 °C for 45 min prior to 281 

analysis, in order to eliminate impurities (Duplessy, 1978). Oxygen-isotope data were recorded 282 

from benthic foraminifera sampled in the GDEC-4, GDEC-6 and GDEC-8 cores (Figure 9): data 283 

from the GDEC-4 core was especially important because it had the most complete sampling of 284 

material for stable isotope analysis, and our seismic mapping indicated that it was in an area of 285 

relatively continuous sedimentation. The δ18O data provided age estimates for mapped seismic 286 

surfaces by determining where these surfaces intersect the δ18O curve in the GDEC-4 core, and 287 

then matching the GDEC-4 δ18O curves to the global stacked δ18O curves of Lisiecki and Raymo 288 

(2005). Oxygen isotope curves from GDEC-6 and GDEC-8 were not complete enough and too 289 

disturbed by thick gravity flow deposits to be reliable for δ18O analyses. A more detailed analysis 290 

of isotope data from the GDEC- 4 core that emphasises climatic change is found in Toucanne et 291 

al. (2015). 292 

 293 

MAPPING AND DATING SEISMIC HORIZONS 294 

Ten regional seismic horizons were dated. 14C provided reliable ages back to ca. 48 ka, 295 

OSL back to 127 ka, and matching δ18O curves gave age control back to 478 ka (Figures 5, 9 and 296 

10). The GDEC-4 core was particularly important for surfaces older than 91 ka because it has a 297 

very complete δ18O record that correlates well to the Lisiecki and Raymo (2005) global, stacked, 298 

oxygen-isotope curves (Figure 9). In the GDEC-4 core, 9 thick marls were observed. These 299 

marls could be correlated to marls in the other cores from the basin and were numbered 1 300 

through 9 with 1 the youngest and 9 the oldest (Figure 5). They are interpreted to indicate 301 

reduced clastic sedimentary input into the basin, similar to the carbonate-rich sediments that are 302 

currently being deposited on abandoned parts of the South Golo Fan. These marls have depleted 303 
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δ18O values that correlate to the episodes of depleted δ18O in the global stacked δ18O curves of 304 

Lisiecki and Raymo (2005), hence penetration of these marls in the GDEC-4 core allows us to 305 

provide age estimates for our deeper seismic horizons. These marl-rich horizons correspond to 306 

very continuous, high-amplitude reflections with strong impedance contrasts, relative to the other 307 

continuous seismic facies that have been tied to marl-free mudstones (Figure 6).  The high 308 

impedance contrast between marls and other sediments reflects their higher carbonate content, 309 

lower porosity and higher density relative to the purely siliciclastic muds (e.g. Fig, 6).  310 

There are limitations and uncertainties with our age model because GDEC-4 was the only 311 

core that yielded a complete δ18O curve.  In most cases, specific δ18O peaks did not directly 312 

coincide with our seismic horizons, so we constrained seismic horizons by bracketing with older 313 

and younger δ18O markers.  Moreover, the majority of our chronological constraints are 314 

internally consistent with each other, and with the seismic data (Figure 10). There were some 315 

divergences between dating techniques, for example, in the case of the 1100 FS and 1100 SB, 316 

OSL ages from sands were younger than the age estimates obtained from δ18O data from 317 

overlying marls.  OSL ages in this case may represent minimum ages for the deposition of the 318 

host sediment that was sampled. 319 

SEDIMENT DISPERSAL THROUGH TIME 320 

While we mapped older sequences below core control this paper will only describe the 321 

intervals for which we had core and seismic control. The oldest of these is bounded by the 700 322 

and 800 sequence boundaries. The lowstand systems tract deposits are bounded the 700 SB and 323 

the 700 FS (Figures 6 and 10). The 700 SB overlies a depletion spike on the δ18O curves that we 324 

associate with the MIS-12 sea-level lowstand at ca. 450 ka, when sea level was at -130 m relative 325 

to present (Spratt and Lisiecki, 2016). We therefore interpret the downlapping seismic facies and 326 
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fan-shaped isopach map pattern of this interval within the deep basin to represent a sand-rich 327 

submarine fan deposited during MIS 12.  The isochron map of this interval suggests the presence 328 

of one large fan fed by the merging of input from both the North and South Golo canyons 329 

(Figure 11).  330 

The transgressive and highstand systems tract deposits between the 700 FS and the 800 331 

SB average ~8 m in thickness across the study area and are composed of high-amplitude, 332 

continuous seismic facies that are mud-rich with locally high carbonate content in the GDEC-4 333 

core (Figure 6). We interpret these deposits to represent the MIS 11 interglacial.  334 

The next overlying sequence is bounded by the 800 SB and 900 SB. The lowstand 335 

systems tract deposits between the 800 SB and 800 FS, are poorly constrained by δ18O curves but 336 

falls between horizons with age estimates of ca. 340 and 375 ka. The Waelbroeck et al. (2002) 337 

sea-level curve places the MIS 10 glacial period of low sea level at -120 m relative to present, 338 

between ca. 337 and 374 ka (Figure 10). We therefore interpret fan deposits above the 800 SB to 339 

represent the MIS 10 glacial period, and the 800 FS to represent the beginning of the MIS 9 340 

interglacial period.  An isopach map of the lowstand systems tract deposits between the 800 SB 341 

and the 800 FS shows two lobe-shaped sediment thicks, one associated with the North Golo 342 

Canyon and one with the South Golo Canyon (Figure 11).  343 

The GDEC-4 oxygen-isotope curve suggests that the fine-grained sediments between the 344 

800 FS and the 900 SB, which include marl 8, were deposited during the MIS 9 interglacial 345 

period of high sea level between 290 and 340 ka (Figure 6). The Waelbroeck et al. (2002) sea-346 

level curve shows an abrupt rise in sea level at ca. 340 ka, whereas our data suggest sand 347 

delivery to the fan was terminated at this time, and a thick mud and marl-rich unit was deposited 348 

until about 290 ka.  The GDEC-4 oxygen-isotope curve suggests that fans deposited between the 349 
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900 SB and the 900 FS represent the MIS 8 glacial period of low sea level between ca. 240 and 350 

290 ka (Figures 6 and 9).  The GDEC-4 oxygen-isotope curve suggests that fine-grained 351 

sediment in the interval between the 900 FS and the 1000 SB, including marls 4, 5, 6 and 7 were 352 

deposited during the MIS 7 interglacial period of high sea level between ca. 190 and 240 ka 353 

(Figures 6 and 9). 354 

Isopachs of the overlying 1000 SB to 1000 FS interval show a thickness trend that 355 

suggests deposition of one large fan was deflected to the south by the toe of slope of the Pianosa 356 

Ridge (Figure 11). However, more detailed mapping and breaking out an internal surface shows 357 

that there are two distinct fans, the oldest fed by the North Golo Canyon and the youngest fed by 358 

the South Golo (Figure 11). OSL ages from sands in this interval in GDEC-8 are as old as ca. 359 

127 ± 18.3 ka which are consistent with deposition near the end of the MIS 6 glacial period of 360 

low sea level. 361 

The interval between the top of the 1100 SB and the 1000 FS is penetrated by the GDEC- 362 

4, GDEC-6 and GDEC-8 cores, is mud-rich, and is characterized by the occurrence of one or two 363 

thick (> 1m) marls (Figure 5). There are no OSL or 14C dates from this unit, but the GDEC-4 364 

oxygen-isotope curve suggests deposition between ca. 135 and 87 ka, corresponding to the MIS 365 

5 interglacial period: global sea level was at or slightly higher than present day during MIS 5.5, 366 

and oscillated between -20 and -60 m during MIS 5.3 to 5.1 (Siddall et al., 2003).  367 

The interval between the 1100 SB and 1100 FS represents the period ca. 65.6 ka (based 368 

on OSL ages) and ca. 15 ka (based on 14C ages), which corresponds to MIS 4 and 2. This unit 369 

can be divided between two distinct fans, which are separated by the 1300 SB. The older fan is 370 

penetrated by the GDEC 8 core, yielded OSL ages of ca. 65.6 to 62.0 ka, and represents the MIS 371 

4 glacial period of low sea level. The younger fan is penetrated by the GDEC 6 core, yielded 372 
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OSL ages and 14 C ages between ca. 31.7 ka and 16.7 ka, and represents the MIS 2 last glacial 373 

maximum period of low sea level (Figure 5)  374 

The 1100 FS is the shallowest zone that was mapped. OSL and 14C dates show it to be 375 

between 15 ka and 10 ka.  A muddy or marly layer occurs throughout the basin at the seafloor, 376 

although there appears to be some preserved Holocene sediment that was deposited ca. 400 to 377 

800 years ago based on 14C dates (Figure 5).  378 

 379 

DEPOSITIONAL ENVIRONMENTS 380 

The high-resolution bathymetric data acquired in this study provides a clear indication of 381 

the depositional environments present today and in the recent past (Figure 2). When combined 382 

with core and high-resolution seismic data, it was used to reconstruct how these environments 383 

changed through time. 384 

 385 

Delta Lobes and Fluvial Channels on the Shelf 386 

The present-day Golo Delta is a wave-dominated delta with a pebbly to sandy topset and 387 

shoreline, and distributary channels that are 30 to 75 m wide. High-resolution bathymetry and 388 

seismic data show plan-view arcuate features with seaward-dipping internal reflectors at -50 m 389 

and -80 m below current sea level (Figures 4 and 12). A similar prominent feature with seaward-390 

dipping reflectors is found at the modern shelf-slope break at -120 m below sea level (Figures 4 391 

and 12). Cores from GDEC-1 and GDEC-3 demonstrate that sediment from the sea floor down to 392 

50 mbsf through these features is composed of sand and gravel (Figure 5). As a result, we 393 

interpret these them to be the seaward-dipping clinothems of older deltas abandoned on the now-394 

flooded shelf. Bathymetric and seismic data further reveal that these older deltas are arranged in 395 
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a back-stepping aggradational-retrogradational pattern, with the delta at -120 m being the oldest, 396 

and the delta at -50 being the youngest (Figure 4).  Using geochronological data, we interpret the 397 

-120 clinothem to have formed ca. 20 ka and represent the MIS2 Last Glacial Maximum (LGM) 398 

deltaic shoreline, the -80 m clinothem to have formed ca. 14 ka and represent progradation after 399 

the onset of the Older Dryas cold period, and the -50 m clinothem to have formed ca. 12 ka with 400 

progradation initiated during the Younger Dryas cold period and continuing into the Holocene 401 

(Figure 12).  402 

Seismic data from the shelf also reveal three types of east-west-trending elongate units in 403 

the shallow part of the section, which cross-cut and truncate older strata and are filled with high-404 

amplitude discontinuous facies that are distinctive from the seaward-dipping deltaic clinothems 405 

(Figure 4). An example of the first type is a 70 m-wide lenticular deposit just a few meters deep, 406 

which is similar in size to the distributary channels of the modern Golo River, and interpreted to 407 

represent a distributary channel of the Golo River when it was extended across the shelf to the -408 

50 m shoreline. The second type of elongate unit occurs buried at the head of both the North and 409 

South Golo Canyons (Figure 13). These features can be mapped on multiple seismic lines, are up 410 

to 2.5 km wide and 10’s of meters in thickness, extend across the shelf from the western edge of 411 

our seismic data (Figure 13), and are interpreted to represent cross-shelf paleovalleys (sensu 412 

Blum et al., 2013) that were cut by the Golo River during periods of low sea level. The downdip 413 

extension of the most recent paleovalley was penetrated by the GDEC 3 core between 10 and 18 414 

mbsf, which sampled mostly fine to coarse sand and a small amount of conglomerate (Figures 4, 415 

5 and 13a): 14C dates indicate this paleovalley was filled during the last 15 ka.  416 

The third type of east-west trending erosional unit is also large but cuts deeper than 417 

paleovalleys and pinches-out rapidly landward.  Two examples are seen on seismic line Sigolo-418 
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067 directly at the head of the South Golo Canyon (deepest features on Figure 13). The youngest 419 

unit, which cuts into the previous one, reaches 70 m in depth and a kilometer in width. We 420 

interpret these features as the updip extension of the South Golo Canyon as it underwent multiple 421 

phases of cut and fill. Unfortunately, we have no core data to constrain the age or lithology of the 422 

fill. However, the seismic horizon associated with one of these cuts (1100 SB) can be correlated 423 

to the GDEC-1 core where OSL dating suggests that it is younger than 89 ka (Figure 5).  424 

All of the above features, from the distributary channel-fill deposit to the paleovalley- 425 

and canyon-fills suggest that the paleo-Golo River discharged directly into the heads of North 426 

and South Golo canyons when sea level was low (Figure 14). In addition, Golo River sediment 427 

appears to have been delivered to mouth bars that impinged on the head or margins of both 428 

canyons until sea level was high enough to prevent the connection (Figures 10 and 14).  This 429 

relationship is especially clear for the -120 m deltaic clinothem, which represents the last glacial 430 

maximum period of minimum sea level, whereas the regressive deltaic clinothem at -80 m, 431 

which formed ca. 14 ka, is interpreted to be the last one to closely approach the head of the South 432 

Golo Canyon (Figure, 4, 12, and 14). The 1100 SB represents the initiation of the connection 433 

between a paleo-Golo River and the North and South Golo paleo-canyons and ends with a 434 

disconnection that occurred sometime before deposition of the younger Dryas clinothem at ca. 12 435 

ka. Disconnecting the Golo sand source from the canyon at ca. 14 ka is consistent with the 436 

youngest sand seen in our data from the basin floor as well (Figure 5). 437 

 438 

Slope Canyons and Gullies 439 

The Golo margin in the study area is penetrated by two large submarine canyons (the 440 

North and South Golo), two smaller canyons near the north edge of the study area (the Biguglia 441 
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and St. Domiano) and two straight, slope gullies, the Fium Alto and Pineto (Figure 12). The 442 

North and South Golo canyons feed extensive submarine fans and appear to be the primary 443 

conduits for sediment into the basin in our study area. 444 

The South Golo Canyon reaches a maximum depth of 150 m. It penetrates about 1.5 km 445 

headwards across the shelf from the shelf-slope break and extends 7 km down the slope. The 446 

canyon begins to develop levees and makes the transition into a levee-confined channel at the 447 

base of slope, in about 450 m water depth (Figures 12, 13, and 15). The canyon ranges in width 448 

from 600 m at its head to a maximum of 3300 m. In the upper reaches, canyon edges are smooth 449 

and the base of the canyon is flat. Seismic data indicate lateral migration of the South Golo 450 

Canyon to the north through time. Further down the canyon prominent terraces develop (Figure 451 

13).  We have no core data from any of the canyons or gullies, but the moderate amplitude, high-452 

continuity seismic facies of the terraces suggest that they are composed of a heterolithic mix of 453 

sand and mud. Similar lithologies have been reported by Jobe et al. (2015) from cores in 454 

submarine canyons terraces off of the Niger Delta.  The base of the canyon is filled with a low-455 

continuity, high- amplitude seismic facies that we interpret as coarse-grained sediments that 456 

could be as coarse as the gravel-sized sediments seen in the GDEC-1 core from the Golo shelf. 457 

The filling history of the canyon is complex with evidence of incision, lateral migration, and 458 

aggradation of the fine-grained slope deposits outside of the canyon and coarse-grained deposits 459 

in the deepest part of the canyon (Figure 13). Seismic data show that there are older, now 460 

sediment-filled canyons below the most recent canyon. Cross-cutting relationships between the 461 

canyon margins and dated seismic horizons suggest that the South Golo Canyon began to form at 462 

least 450 ka ago, before the time of the 700 SB (Figure 13) 463 
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The North Golo Canyon and the nearby Pineto Gully were the sediment conduits for the 464 

North Golo Fan (Figure 12). The North Golo Canyon penetrates headward about 1000 m into the 465 

shelf. It ranges in width from 1100 to 1700 m and is up to 200 m deep. Seismic data show that at 466 

least two older, sediment-filled canyons exist beneath the Pineto Gully which are on the scale of 467 

the present-day North Golo Canyon. 468 

In contrast to the North and South Golo canyons, which have sinuous planform 469 

geometries, the smaller Pineto and Fium Alto gullies are narrow and straight (Figure 12). Cross-470 

cutting relationships observable in seismic data suggests they are young features formed by 471 

collapse at the shelf-slope break without a long-lasting connection to a river-mouth or shoreline 472 

feeder system on the shelf. The two gullies have preserved only a thin veneer of deposits since 473 

they formed. The Fium Alto Gully ranges in width from 660 to 200 m and has a maximum depth 474 

of 40 m. The lower reaches of the Fium Alto Gully, while largely erosional, also have low, 475 

incipient levees.  There is a small fan at the base of the slope at the terminal end of this gully that 476 

is about 1.6 km wide and up to 24 m thick. The Pineto Gully ranges in width from 540 to 240 m 477 

wide and up to 40 m deep. The lower reaches develop low levees and there is evidence from 478 

seismic data of less erosion at the base of the gully and more aggradation of high-amplitude 479 

discontinuous seismic facies that we interpret as coarse-grained deposits. One seismic line at the 480 

terminus of the Pineto Gully shows a small (1.2 km wide), thin (about 20 m thick) fan that 481 

developed downdip of the gully. Cross-cutting relationships with dated seismic horizons suggest 482 

that the Pineto Gully has only exited since MIS-2. 483 
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 484 

Levee-Confined Channels 485 

Both the North and South Golo fan channels are characterized by levee-confined reaches 486 

(Figure 15). In the levee-confined reach of the South Golo, the channel is 400 to 600 m wide and 487 

has levees that extend ~900-1500 m on either side of the channel to where they pinch out 488 

forming wedge-shaped deposits. As observed by Skene et al. (2002) in their data of levee 489 

heights, the Golo levees thicknesses decrease down channel toward the channel-lobe transition 490 

(Figure 15). The South Golo channel extends 22 km from the South Golo Canyon to the channel-491 

lobe transition (Figure 15). The GDEC-8 core shows that the levee at that location is primarily 492 

composed of mud with a few thin beds of fine to very fine sand and silt located near its base 493 

(Figure 8). The composition of levee deposits in the more distal reaches of the South Golo 494 

channel is not known. 495 

The North Golo channel extends 10.3 km from the North Golo Canyon to the North Golo 496 

Fan. A recent avulsion associated with the development of a large lobe complex at the toe of 497 

slope explains the shorter length of the North Golo channel relative to its southern counterpart. In 498 

a region down-dip of the latest lobe complex toward mid-basin, bathymetry indicates that the 499 

North Golo channel extended farther out into the basin. In the levee-confined area, the North 500 

Golo channel ranges from 800-1000 m wide and is situated between 50 m-high levees that 501 

extend about a kilometer on either side of the channel. A 250 m-wide, slightly sinuous thalweg is 502 

bordered by occasional terraces or internal levees, and represents the most recent path for 503 

sediment-gravity flows before abandonment by avulsion.  504 
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Lobes and Channel-Lobe Transitions 505 

As levees become lower and the relief of channels decreases basinward, large lobate 506 

bodies develop, eventually occupying most of the lower-gradient regions. Their expression on 507 

seismic data is characterized by a conformable, locally erosional base and a mounded top with 508 

continuous to semi-continuous, high-amplitude reflections (Figure 16). Downlapping geometries 509 

are observed along their basal margins (Figure 16). Following the nomenclature used by Prélat et 510 

al. (2010) we interpret these features as lobe complexes, as they represent the highest order of 511 

lobate bodies that can be linked to an individual branch of a levee-confined channel. In this 512 

model, avulsion along the levee-confined portion of the channel is necessary to initiate a new 513 

lobe complex. Within lobe complexes, we then define a hierarchal set of nested components to 514 

be lobes, lobe elements, bed sets and beds, with the basic principle that one or more components 515 

stack to form the next larger component of the hierarchy (Prélat et al., 2009).  516 

On its most recent southerly path, the South Golo channel transitions into a lobe complex 517 

12 km long and up to 10 km wide with a maximum thickness of 65 m. The GDEC-6 core 518 

penetrates ~50 m of deposits dominated by fine sand (85%), but with grain sizes that range from 519 

very fine sand to gravel (Figures 5 and 7). The mud in this core is typically expressed as meter-520 

thick beds that are interbedded with thicker beds of well-sorted sand (Figures 5, 7, and 16). The 521 

lobe complex thins to 10-15 m towards its margins where it merges with a constant thickness 522 

layer of low amplitude seismic facies that is very continuous throughout the basin. This unit, 523 

where penetrated by cores GDEC-4 and GDEC-8 (Figures 6 and 8 respectively), is composed of 524 

mud with silt laminations. The transition from the sandy lobe complex to the constant thickness 525 

mud-rich unit can be gradational with high-amplitude reflectors from the lobe complex gradually 526 
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decreasing in amplitude, or it can be abrupt with sharp internal onlaps onto the lower amplitude 527 

continuous reflectors of the regional unit (Figure 17).  528 

Internal seismic geometries within the lobe complex show that it is composed of the 529 

nested smaller bodies we interpret as lobes and lobe elements following the Prélat et al. (2010) 530 

terminology (Figures 16 and 17). Within the lobe complex, individual lobes are bounded at the 531 

base by bidirectional onlap and downlap, and at the GDEC-6 location they correspond to the 532 

blocky sand packages with the thicker mud-rich units defining their upper and lower boundaries. 533 

Six lobes have been identified within the South Golo lobe complex. They range in maximum 534 

thickness between 20-30 m with dip-elongated shapes averaging 6 km long and 3 km wide. They 535 

stack compensationally and show evidence of progradation, retrogradation, and lateral offset. 536 

Individual lobes are connected to individual distributary channels that branch from the main 537 

levee-confined channel upstream (Figure 16). None of these distributary channels or their lateral 538 

deposits have been cored so the nature of their deposits are unknown, although the high 539 

amplitude nature of their reflectors suggests a heterolithic composition overall.  540 

Lobe elements are the smallest units that can be mapped with our seismic data, and 541 

consist of packages of reflectors that thin toward the margins and thicken towards the center of 542 

the lobe (Figure 16). We observe progressive upflow and lateral shifts in the locations of the 543 

thickest part of these lobe elements. It is possible to distinguish 4 to 5 lobe elements within a 544 

typical lobe, each with a maximum thickness of 5-15 m. Each lobe element has an elongated 545 

shape with an average length of 8 km and an average width of 3 km.  A central erosive feeder 546 

channel is linked to unconfined deposits, a mouth bar, where the maximum thickness is 547 

observed. When traversed by dip-oriented seismic lines, successive lobes elements appear as 548 

shingled, retreating bodies with flat tops as opposed to “backsets” where the top of the sediment 549 
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body dips up-flow (Figure 16). Where penetrated in the GDEC-6 core, they are composed of 550 

sand with grain size ranging from very fine to coarse sand, even at their margins (Figure 16). In 551 

cross-section, lobe elements taper distally to a down-lap limit (present all along the mouth-bar 552 

periphery) where they join a tabular section where the lobe-element fringe transitions from 553 

interbedded mud and sand to bioturbated mud. The interpreted zero sand line occurs within the 554 

lobe element fringe a few 100 m away from the down-lap limit. The retrogradational stacking of 555 

lobe elements juxtaposes sand on sand between successive mouth-bars (Figure 16). The 556 

retrograding mouth bars also end up overlaying preceding feeder channels building sandy 557 

wedges that look like levees. At the scale of lobes, compensational stacking results in the inter-558 

fingering of sandy mouth-bars with muddy fringes from other lobes. The general distribution of 559 

mud and sand in a lobe complex is illustrated in Figure 17. 560 

The same geometries of lobes and lobe complexes can be observed within the lobe 561 

complex attached to the North Golo channel as well as older lobe complexes throughout the 562 

basin (Figure 16). The youngest lobe complex of the North Golo Fan developed at the location of 563 

a recent avulsion from a well-developed levee-confined channel in the toe-of-slope area. Its base 564 

is erosional at the location of the avulsion, becoming conformable downdip while its top is 565 

mounded. At the avulsion location, the lobe complex develops on top of the abandoned channel-566 

levee system and it is difficult to distinguish the channel-fill deposits from the base of lobe 567 

complex as the seismic facies are very similar (high amplitude, semi-continuous). Downdip of 568 

the avulsion site the contact between the lobe and the abandoned levees is very sharp with clear 569 

onlaps and downlaps of the lobe reflections onto the abandoned levee top (Figure 16). This lobe 570 

complex reaches 6 km in length and 4 km in width and a maximum thickness of 30 m. It is built 571 

with two or more lobes with clear internal backstepping geometries. A transition to regionally 572 
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continuous and parallel reflections occurs on the margins of the avulsion lobe complex in a 573 

manner similar to the South Golo lobe complex. This layer thins to 7 m on the fringe of the lobe 574 

complex (Figure 16b). 575 

Well-developed lobe complexes are also expressed on the seafloor and on seismic lines at 576 

the mouth of abandoned portions of the North and South Golo channels (Figure 17). They vary 577 

in size, shape and thickness compared to the lobe complex attached to the latest South Golo 578 

channel. These lobe complexes are between 5 and 10 km long, 4 and 8 km and 35 to 70 m thick. 579 

The size and shape of the lobe complexes vary with the number of their constituent lobes and 580 

their stacking patterns, which are all linked to avulsion processes. The governing factors for 581 

location and frequency of avulsions will be discussed in a later section in parallel with the timing 582 

of sedimentation in the basin and in relation to internal versus external forcings. 583 

By contrast, lobe complexes attached to gullies are much smaller and are generally 584 

composed of only one or two lobes. The Fium Alto Gully, in the southern part of the study area, 585 

feeds a single lobe 5 km long and 3 km wide with a maximum thickness of 20 m. The Fium Alto 586 

lobe was deposited at the toe-of-slope against the South Golo lobe, which prevented further 587 

elongation. The Pineto Gully lobe, located between the North and South Golo canyons, reaches 8 588 

km in length and 2 km in width. This is a very elongate lobe confined between the two leveed 589 

channel systems. Over the Golo slope the gully lobes show larger ratios of lobe-element 590 

thickness to channel depth than the lobe elements developed further downdip in the channel-591 

levee/lobe complexes. This characteristic has been linked by Hamilton et al. (2017) to the steeper 592 

gradients on which they develop based on physical experiments validated by observations from 593 

the Golo seismic data. 594 

 595 
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DEPOSITIONAL RATES 596 

Depositional rates and sand-to-mud ratios for each of the sand-rich fans and the 597 

associated mud-rich intervals we mapped are shown in Table 2. Sediment volumes have been 598 

calculated inside an area of the basin where coverage by 2D seismic lines is sufficient to 599 

accurately depict the boundaries between sand bodies. This area most likely does not cover the 600 

entire reach of the fans and thus may underestimate the volume of sand and mud accumulated in 601 

the basin as a whole. Age constraints for deposits less than ca. 100 ka in age are based on OSL 602 

and 14C ages, and correlations between δ18O values in GDEC4 and global curves, whereas units 603 

older than ca. 100 ka relied solely on δ18O data.  Mud-rich intervals, which record deposition 604 

during times of high relative sea level, are characterized by sedimentation rates of 0.07 to 0.17 605 

m/ka, whereas periods of active sand-rich fan deposition occurred when sea level was low, and 606 

had higher deposition rates of 0.35 to 0.59 m/ka. Deposition rates when sea level is low are 607 

therefore 3-8 times greater than during periods of higher sea level, but the difference was not as 608 

large as we had anticipated because muds dominate the overall sediment load, and significant 609 

volumes of fine-grained sediment are dispersed across the basin, even in times of high sea level. 610 

It is important to keep in mind that these rates are averaged over the entire basin and that 611 

depositional rates at locations like an active channel-lobe transition must be much higher. The 612 

most profound difference was the lack of sand deposited in the basin once sea level rose above -613 

80 m, relative to present, and Golo River sand supply became disconnected from the North and 614 

South Golo canyons. Even during the Younger Dryas period of deltaic construction on the shelf, 615 

the Golo River mouth did not come close enough to the canyon heads to allow sand to be 616 

transferred to deep water. 617 
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 618 

DISCUSSION 619 

Distribution of Sand Versus Mud Through Time 620 

Consistent with existing sequence-stratigraphic models (e.g., Vail, 1987; Posamentier and 621 

Vail, 1988), deposition of sand in the Golo system reflects climate-forced sea-level controls, with 622 

sand-rich fans deposited when sea level was below about -80 m, the Golo River and delta had 623 

extended across the shelf, and a there was a direct connection between the Golo River mouth and 624 

the upper reaches of submarine canyons and gullies. Deposition of significant volumes of mud 625 

and carbonate-rich sediments also occurred in the basin when sea level was rising and high, as 626 

previously shown at the GDEC-4 site (Toucanne et al., 2015).  This observation is consistent 627 

with Sweet and Blum (2016) whose data showed that systems with narrow shelves should leak 628 

large quantities of mud into the basin even in times of relatively high sea level. It is likely that 629 

with better age control we would see rates of sedimentation decreasing over the last 14 ka when 630 

post-glacial sea-level rise was rapid (Deschamps et al., 2012), since the older (lower) part of the 631 

post-glacial succession is marked by mud deposition in the basin, and the youngest sediments at 632 

the seafloor are marls.  Sømme et al. (2011) and Forzoni et al. (2015) argue that during periods 633 

of high sea level coarse-grained sediments are interred in onshore terraces and in the 634 

aggradational coastal plain. Our seismic data also suggest that coarse-grained sediments build 635 

delta lobes on the shelf when sea level is above -50 m, which are captured in the fill of cross-636 

shelf paleovalley systems (Figures 12 and 13). Unfortunately, there are no published seismic data 637 

across the modern Golo Delta to determine the volume of sediment captured there. The modern 638 

delta is a very small feature and we imagine that the majority of coarse-grained sediments are 639 

captured in the alluvial plain during highstands. However, our cores and published data suggest 640 
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the Tyrrhenian Current sweeps the modern shelf of fine-grained sediment and transports it to the 641 

north.  642 

During glacial periods of low sea level, when the coastal plain part of the Golo River 643 

incised through previous deposits and the channel extended across the shelf, sediment was 644 

cannibalized from older fluvial terraces (Sømme et al., 2011; Forzoni et al., 2015) and shelf 645 

deposits. Our mapping shows evidence of cross-shelf paleovalleys that connected the Golo River 646 

directly to the North and South Golo canyons (Figure 13). During these periods mud was 647 

partitioned in the basin into slope, mud-rich levees and the muddy fringes of the sand-rich fans.  648 

The presence of multiple, stacked shelf edge deltas (Figure 4) demonstrates that 649 

subsidence of the Golo shelf has created enough accommodation to preserve about 70 m of 650 

coarse-grained sediment over the last 300 ka. 651 

 652 

Comparison to Other Quaternary Fans 653 

The North and South Golo fans have all of the depositional elements of other Quaternary 654 

Fans like the Congo (Babonneau et al., 2002), Rhone (Droz and Bellaiche, 1985), Mississippi 655 

(Weimer, 1989), Hueneme (Piper et al., 1999) and Danube (Popescu et al., 2001). They are fed 656 

by submarine canyons, and turbidity currents then transit through a reach of levee-confined 657 

channels to a down-dip, sand-rich fan.  The sand-rich part of the fan has a lateral facies 658 

relationship with a mud-rich fan fringe.  659 

Smaller fans in tectonically active margins, like the Golo and Hueneme Fan of California 660 

(Piper et al., 1999), display important differences from large passive-margins fans like the 661 

Danube and Congo that go beyond the obvious differences in scale (10’s versus100’s to1000’s of 662 

km in extent and 10’s versus 100’s of m in thickness). Large passive-margin systems are 663 
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relatively unconfined on a low-gradient sea floor whereas the Golo is constrained by a sea floor 664 

structural high (the Pianosa Ridge). The proportion of muddy leveed-channels versus sand-rich 665 

fans vary greatly between fans like the Golo and their large passive-margin counterparts. 666 

Moreover, fan lobes on the Golo display a back-stepping pattern of development that may be 667 

characteristic of supercritical fans (Hamilton et al., 2017), and as a result the reach of levee-668 

confined channels is short relative to overall fan length. In the case of the active channel of the 669 

Congo Fan the leveed channel extends for 1100 km feeding a terminal lobe that is about 35 km 670 

long (Babonneau et al., 2002). Data on the recent channels of the Amazon Fan show similar 671 

trends where the Brown Channel extends 580 km and feeds a lobe 45 km long (Jegou et al., 672 

2008). The resulting deposit of the entire fan consists largely of mud-rich levee deposits that are 673 

interleaved with sand-rich terminal lobes. In the case of the Golo and other fans in tectonically 674 

active margins, the levee-confined reaches are no more than 1.3 to 2.4 times the length of the 675 

lobe. The overall result is a deposit that is more dominated by lobes than levees, though both are 676 

present. Nonetheless the Golo differs from published models of sand-rich fans (e.g. Reading and 677 

Richards, 1994) in that there are significant reaches of mud-rich, levee-confined channels that 678 

separate the sand-rich lobes from the submarine canyon.  679 

Our mapping and chronological framework shows that deep-water sediments of the 680 

Corsica Basin can be divided into ~100 ka depositional sequences. The sequences can be divided 681 

into shorter duration systems tracts.  Lowstand systems tracts bounded at the base by regional 682 

downlap (within sand-rich fan deposits), onlap and erosion, which we interpret to represent 683 

classical sequence boundaries that record sea-level fall, extension of the Golo River across the 684 

shelf, and initiation of sand delivery to the basin floor.  The transgressive and highstand systems 685 

tracts that compose the upper part of the sequence are composed of up to 10 m thick packages of 686 
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mud and marl, which are interpreted to represent sea-level rise and flooding of the shelf, 687 

backstepping of the Golo River mouth, and cessation of sand delivery to the basin.  Our youngest 688 

depositional sequence represents the last 100 ka glacial-interglacial cycle (MIS 5-1), but can be 689 

further subdivided due to higher-resolution chronological control: for this sequence we 690 

differentiate distinct cross-shelf extension of the Golo River to the shelf margin, and sand-rich 691 

fan deposition on the basin floor, during the MIS 4 and 2 periods of low sea level, with 692 

backstepping of the Golo River and cessation of sand delivery during the intervening MIS 3 693 

period of sea-level rise to mid shelf positions.  Sweet and Blum (2016) suggest this higher-694 

frequency change should be characteristic of small systems with inherently narrow shelves, 695 

which would contrast with large systems with wide shelves, where sand-rich deposition may be 696 

restricted to the MIS 2 last-glacial maximum sea-level lowstand.  697 

Last, within and between individual depositional sequences we observed shifts of 698 

depocenters where sand was routed down either the North or South Golo Canyon, and coeval 699 

muddy deposits blanketed the rest of the basin. We interpret these changes to have been driven 700 

by autogenic avulsion processes acting in the lower reaches of the Golo River, and/or on the 701 

Golo Delta, which caused the Golo River to connect with, and the sand load to be routed down, 702 

by turns, the North or South Golo canyons. Although of a different scale, Blum et al. (2018) 703 

interpreted similar signals of autogenic avulsion of the Ganges-Brahmaputra Rivers within the 704 

deep-sea Bengal Fan. 705 

 706 

CONCLUSIONS 707 

1) Connections for sand movement between fluvial/deltaic systems and submarine canyons 708 

occur when shorelines migrate basinward, paleo-valleys cut the shelf during periods of 709 
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sea-level fall, and river mouths or deltaic lobes connect directly with the heads of 710 

submarine canyons. Even given the relatively narrow shelf of the eastern Corsica margin, 711 

sand transport to the fans is restricted to relatively small percentages of time when sea 712 

level was -80 m or more below its current level and the Golo River and/or delta had a 713 

direct connection to the heads of the North or South Golo Canyon.  In contrast, mud can 714 

be advected up to several kilometers across the shelf and, as a result, mud deposition 715 

occurs over a much wider range of sea level conditions and represents a significantly 716 

larger percentage of time. 717 

2) Canyon evolution on the Golo shelf margin and slope includes some incision, but also 718 

aggradation of entire margin and of canyon-fill deposits. Canyons migrated laterally and 719 

are from time to time abandoned and filled. The main feeder canyons of the Golo system 720 

are long-lived having begun form at least 450 ka ago. 721 

3) The reach of levee-confined channels is short compared to large passive-margin systems 722 

like the Danube, Amazon and Congo. Levee to lobe length is in the ratio of 1:1 or 1.5:1 723 

on the Golo compared to 10’s:1 in the case of the Congo, Danube and Amazon. This is 724 

significant because large qualities of mud are trapped in the levees of large fans, whereas 725 

mud in the Golo system occurs as drapes and as extensive muddy fringes to the sandy 726 

lobes. This is distribution of mud is probably characteristic of most short, steep fans like 727 

the Golo. 728 

4) Deposition rates in the deep basin vary by a factor of up eight times between periods of 729 

low versus rising or high sea level. Sand deposition appears to be restricted to periods of 730 

low sea level (-80 m below present), when river mouths are proximal (within ~2 km) to 731 

canyon heads. 732 
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5) Response of the Golo River to allogenic, climate-forced sea-level change plays the 733 

overarching role in determining rates and grain size of sediment supplied to the basin.  734 

However, autogenic factors such as avulsion of the Golo River and its deltaic system 735 

laterally across the shelf, and avulsion and lobe switching on the submarine fans 736 

themselves, control where deposition of sand-sized sediment is localized within 737 

depositional sequences. 738 
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FIGURE CAPTIONS 950 
Figure 1. Elevation map of Corsica (ASTER V2 GDEM 30m resolution) and bathymetry of the 951 

Corsica Basin (TCarta’s bathymetric grid derived from 1:2000, 000 scale charts and 1:60,000 952 

scale coastline from Landsat imagery at 90 m seafloor resolution) showing the study area (white 953 

box), location of the modern Golo fans and the Golo River drainage basin. Contours of 954 

submarine channels and lobes modified from Figure IV-28 in Gervais (2002). Imagery licensed 955 

by agreement with Spatial Energy (slb@SpatialEnergy.com). 956 

Figure 2. Map of multi-beam bathymetry from the 2008 SIGOLO survey, 10 m resolution; 25 m 957 

grid spacing. Water depth in meters. In addition to bathymetry this map shows the location of the 958 

seismic lines (in white) acquired in the 2008 SIGOLO survey and the GDEC cores cut in 2009 959 

coring campaign. SGC – South Golo Canyon. NGC – North Golo Canyon. Contour Interval = 10 960 

m. The location of seismic lines used in the figures are numbered by figure and shown with 961 

heavier dark lines. 962 

Figure 3. Seismic line Sigolo-081 showing geometries and facies used to construct the seismic 963 

stratigraphic framework. Seismic facies are High Amplitude Semi-Continuous (HASC) and High 964 

Amplitude Continuous (HAC). Core data indicate that HASC facies are sand-rich, while HAC 965 

are mud-rich with interbedded marls. Sequence boundaries (SB) are shown as solid lines. They 966 

are characterized by incision/truncation and downlap/onlap (arrows). Flooding surfaces (FS) are 967 

shown as dashed lines. They are characterized by draping geometries and very high continuity of 968 

seismic events.  V.E. = X15. 969 

Figure 4. Seismic line Sigolo-034b showing the geometry of the Golo shelf, slope and underlying 970 

deposits.  Grain size of the GDEC-1 and GDEC-3 cores (green = silt and clay, yellow = sand, 971 

orange = gravel) and their tie to seismic data are also shown. V.E. = X8.  972 
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Figure 5. Cross-section showing the 5 cores cut for this study, their lithologies, ages and 973 

stratigraphic relations. Core depths are in meters below seafloor. Age data in years from 14C 974 

(black), OSL (red) and δ18O (green) are shown. Marls shown in blue, sequence boundaries in red 975 

and flooding surfaces in green are correlated using seismic and age data.  976 

Figure 6. Seismic line Sigolo-085 across the Corsica slope crossing the location of the GDEC-4 977 

core with median grain size (D50) and calcimetry logs shown to calibrate seismic facies. 978 

Lowstand systems tract deposits (e.g. G1100 etc.) are shown bounded at the base by sequence 979 

boundaries in red (e.g. 1100 SB etc.) and top by flooding surfaces in green (e.g. 1100 FS etc.). 980 

V.E. = X7. 981 

Figure 7. Seismic line Sigolo-058 on the South Golo Fan showing the location of the GDEC-6 982 

core with median grain size (D50) and calcimetry logs shown to calibrate seismic facies. 983 

Location of marly intervals interpreted on cores are highlighted in blue. Lowstand systems tract 984 

deposits (e.g. G1100 etc.) are shown bounded at the base by sequence boundaries in red (e.g. 985 

1100 SB etc.) and top by flooding surfaces in green (e.g. 1100 FS etc.). The 1300 SB is an 986 

internal surface within the 1100 sequence that records base of an MIS-4 fan. V.E. = X7. 987 

Figure 8.  Seismic line Sigolo-007 on the South Golo Channel showing the location of the 988 

GDEC-8 core with median grain size (D50) and calcimetry logs shown to calibrate seismic 989 

facies. Lowstand systems tract deposits (e.g. G1100 etc.) are shown bounded at the base by 990 

sequence boundaries in red (e.g. 1100 SB etc.) and top by flooding surfaces in green (e.g. 1100 991 

FS etc.). V.E. = X7. 992 

Figure 9. Oxygen isotope curves from benthic foraminifera sampled in the GDEC-4, 6, and 8 993 

cores compared to the global standard of Lisiecki and Raymo (2005). Ages are labelled on the 994 
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vertical axis of the Lisiecki and Raymo (2005) curve while the curves from the GDEC cores are 995 

plotted in depth (mbsf) with interpreted oxygen isotope stages shown. 996 

Figure 10. Age model for the Corsica Trough. The upper panel shows the depths of age 997 

measurements from OSL and14C and age estimates from δ18O curves from the GDEC 4, 6, and 8 998 

cores. Age estimates for lowstand systems tract deposits are show in the colored boxes. The 999 

lower panel shows composite mean sea level curve (thick gray line) after Waelbroeck et al. 1000 

(2002) plotted along with Shackleton’s (2000) mean water δ18O curve (dotted blue line). Marine 1001 

Oxygen Isotope Stages are also shown on the sea level (bold, black numbers). Lowstand systems 1002 

tract deposits are shown in colors, highstand systems tract deposits are in white. 1003 

Figure 11. Isopach maps of 5 lowstand systems tracts interpreted in this study. Note that 1004 

individual submarine fans are associated with either the north or south Golo Canyons. Dashed 1005 

red lines show the interpreted direction of sediment transport. 1006 

Figure 12. Shaded bathymetry of the Corsica shelf, slope, and trough showing the location of the 1007 

North (NGC) and South Golo canyons (SGC), South Golo Fan (SGF), Fuim Alto Gulley (FG), 1008 

Pineto Gulley (PG), cores used in this study (GDEC-1 etc.), the LGM shoreline at -120 m and 1009 

lobe-shaped bathymetric features interpreted as relict deltaic lobes. Seismic line A-A’ illustrates 1010 

a deltaic lobe with clinoforms (DC) that impinged on the edge of the South Golo Canyon when 1011 

sea level was about -80 m below current sea level and the delta fed sediment directly into the 1012 

canyon.  1013 

Figure 13. Bathymetric map showing the location of two seismic lines (A – A’ and B – B’), the 1014 

updip extent of the South Golo Canyon beneath the modern shelf (solid black lines) and the 1015 

extent of the larger MIS-2 paleo-valley (thick, gray cross-hatched lines on the shelf). A) Seismic 1016 

line Sigolo-067 illustrates the updip extent of the South Golo Canyon where is has merged with 1017 
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the MIS-4 (1100 SB) paleo-valley of the Golo River. B) Seismic line Sigolo-021 in the lower 1018 

reaches of the South Golo Canyon illustrates the cross-sectional shape of the canyon and the 1019 

aggradational nature of deposits adjacent to the canyon. High amplitude discontinuous seismic 1020 

facies (HDC) interpreted as a coarse sand and gravel are restricted to the deepest part of the 1021 

canyon and also show aggradational stacking.   1022 

 1023 

Figure 14. Shaded bathymetry of the Corsica shelf and slope showing location of the shoreline 1024 

from 1100 SB (MIS-4) to the 1600 surface (Younger Dryas) in relation to the North and South 1025 

Golo canyons. 1026 

Figure 15. Seismic lines: A) Sigolo-086; B) Sigolo-07; and C) Sigolo-51 showing down-channel 1027 

changes in levee height and geometry along the South Golo channel. V.E. = X 5. Location map 1028 

shows bathymetry in meters (C.I. = 25 m) and the location of the seismic lines. 1029 

Figure 16. Bathymetric map showing the distribution of lobate bodies attached to channel-levee 1030 

systems and gullies throughout the basin that were deposited during MIS-2 and MIS-4. Seismic 1031 

lines A and B show lobe geometries associated with a fan fed by the North Golo Canyon. 1032 

Seismic lines C (Sigolo-058) and D (Sigolo-004) show strike (C) and dip (D) profiles across the 1033 

most recent South Golo lobe complex revealing the internal geometries of small-scale lobes and 1034 

lobe elements. HAD – High-Amplitude Discontinuous seismic facies, HAC - High-Amplitude 1035 

Continuous seismic facies, LAC – Low-Amplitude Continuous seismic facies. V. E. = X 15. 1036 

Figure 17. Schematic representation of the hierarchy of channel-form and distributive lobe 1037 

bodies observed in the South Golo Canyon (Fairway) and at the mouth of its channel. The grain 1038 

size log from core GEC-6 gives a vertical representation of the lithology of the lobe hierarchy. 1039 
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TABLE CAPTIONS 1040 

Table 1. Location, length, and sediment recovery of cores used in this study. 1041 

Table 2. Sediment volumes, estimated time of deposition and sedimentation rates for the 1042 

lowstand systems tract deposit (LS1100, LS1000, etc.) and intervening mud-rich transgressive 1043 

and highstand systems tract deposits (TH1100, TH1000 etc.) mapped in the study area. Sand 1044 

percent was estimated from core and seismic facies data. 1045 

 1046 

 1047 



Golo River and 
Drainage Basin

Corsica

Corsica
Trough

Study Area

Pianosa R
idge

Elba

Tavignano R.

N

Italy

Study Area

250 km

Tyrrhenian
 Sea0 50 km

Figure 1Figure 1Figure 1Figure 1



9°36'E 9°48'E

9°36'E 9°48'E

42
°2
4'
N

42
°3
6'
N

42°24'N
42°36'N

0 2.5 5 7.5 10km

N

Sweet et al. Figure 2

6

16b

13b13a

 8, 15b

15a

15c

16d

 7

4

16c

16a

3

GDEC-3

SGC

NGC

GDEC-6

GDEC-8

GDEC-4

GDEC-1

25
0

50
0

75
0

Figure 2



-1
00

0
-9

50
-9

00
-8

50
-8

00
-7

50

0 1km

+

-

TW
T 

(m
s)

HASC
HAC

SB

FS

Sweet et al. Figure 3

V.E. x15

N S

Figure 3



TW
T 

(m
s)

50
100

200

300

400

500

600

+

-

0 1000 m

1o

2o

1100fs

Younger Dryas 
Shoreline - 50 m  - 80 m Shoreline

 LGM Shoreline
- 120 m 

 140 Ka 
Shoreline 

 340 Ka 
Shoreline 

500 sb

700 sb 

Base of Paleo-valley

1100 sb GDEC-3

GDEC-1

 LGM Fan 

W E0o

Sweet et al. Figure 4 Figure 4Figure 4Figure 4



10

30

40

50

60

20

30

40

50

60

70

GDEC-3 GDEC-1 GDEC-4

20

30

40

50

70

80

90

100

110

120

20

30

40

50

80

90

GDEC-8 GDEC-6

10

20

30

40

50

60

D50 Grain 
Size (mm)

0.001 10

D50 Grain 
Size (mm)

0.001 10

D50 Grain 
Size (mm)

0.001 10

D50 Grain 
Size (mm)

0.001 10

D50 Grain 
Size (mm)

0.001 10
Calcimetry (%)
10 50 10 50 10 50

Calcimetry (%) Calcimetry (%)

70

marl  1

 1300 SB 

 1100 SB 

marl  4
marl  2
marl  3

marl  5

marl  6
marl  7

marl  8

marl  9

 1000 SB 

 900 SB 

800 FS 

 700 FS 

800 SB

7202
11252
20857
30297
47602

2237
12681

48047

13117

23935
32359

853

Geochronology

7202 C dates14

398
12315
19116

25717

33573

39664

13789

17365
22067

25185

29243

39758

16520 OSL dates

16520
20011
30350

89800

13700

19720

58620

73700

99500

16600

21190

22200

24030

28970

36670

110,000 O 18

62120

65630

105100

103500

119100

126900

Ages from correlation to  
curve

95,000
125,000

330,000

405,000

60
95,000
125,000

Shelf Lower Slope Levee Fan

900 FS 

Sweet et al. Figure 5

1500 FS

190,000

800 SB478,000

Figure 5Figure 5Figure 5



Si
lt

Cl
ay

G1100

G1000

G900

G800

G700

Sweet et al. Figure 6

Figure 6



Si
lt

Cl
ay

G1100

G1000

Sa
nd

1300 sb

Sweet et al. Figure 7

Figure 7



Si
lt

Cl
ay

G1100

G1000

Sa
nd

Gr
av

el

G900

South Golo Channel

Sweet et al. Figure 8

Figure 8



0
25
50
75
100
125
150
175
200
225
250
275
300
325
350
375
400
425
450
475
500

0 1 2 3 4 5 0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125

0 1 2 3 4 5 0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

0 1 2 3 4 5 0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

0 1 2 3 4 5

Lisecki and Raymo 
LR04 Stack

  O (0/00) 

Ag
e (

ka
)

De
pth

 (m
bs

f)

GDEC-4
O (0/00) 18

18

GDEC-6

O (0/00) 18
O (0/00) 18

GDEC-8

1/2

3/4

2/3
2/3

4/5
5.1 (peak)
5.2 (peak)
5.3 (peak)
5.4 (peak)

5.5 (peak)

5.6 (peak)
Intra 6 Event

7/8

6/7

8/9

9/10

10/11

11/12

12/13

Sweet et al. Figure 9 Figure 9



GD
EC

-4.
2

GD
EC

-6.
2

GD
EC

-8.
2

-

 O AGE (ka)

C AGE (ka)
DEPTH

(m)
subsea

OSL AGE (ka)

G1100

G1000

G900

G800
G700

G1100

G1000

G1100

G1000

500

600

650

650

750

850

900

50 100 150 200 250 300 350 400 450

R
e

la
ti

v
e

 S
e

a
 L

e
v

e
l 

(m
)

0

-50

-100

-150

S
h

ac
kl

et
o

n
 m

ea
n

 w
at

er
 d

el
O

18
, 0

/0
00.4

0.0

-0.5

-1.0

1

3

2

5.1

5.3
5.5

4

6.3

6

6.5
7.1 7.3 7.5

8

8.3

8.5 9.1
9.3

9.2

10

11

Marl 2,3

Marl 4,5,6, 7
Marl 8 Marl 9

12

50 100 150 200 250 300 350 400

Age (ka)

Composite Sea Level Curve 
of Waelbroek et al (2002)

Mean Water delO18 Curve 
of Shacklton (2000)

5

8

8.3

8.

7

.

77

55
3

10

3

12

Calcimetry
%0 100

Seismic 
amplitudes

- +

D50 Grain Size
μm0 10,000

Sigolo-85

Sigolo-7

Sigolo-58

Sweet et al. Figure 10

Marl 2,3

Marl 2,3

Marl 2,3

Marl 4-7

Marl 8

Marl 9

G1100 G1000 G900 G800 G700

Figure 10



N
N

G1100 Sequence (MIS-4 and 2) Fans  G1000 Sequence (MIS-6) Fans  G900 Sequence (MIS-8) Fans  

G800 Sequence (MIS-10) Fans  G700 Sequence (MIS-12) Fans  

Thickness (m)

NN

NN

Figure 11



Sweet et al. Figure 12

Figure 12



100

150

200

250

300

450

550

600

350

400

500

TW
T 

(m
s)

TW
T 

(m
s)

Internal Terrace

Sweet et al. Figure 13

Figure 13



shoreline -80m 

S. Golo Cny. N. Golo
 Cny.

shoreline -120m 

S. Golo Cny. N. Golo
 Cny.

N. Golo
 Cny.

S. Golo Cny. S. Golo Cny.
N. Golo
 Cny.

shoreline -80m shoreline -50m 

Sweet et al. Figure 14

Figure 14



650

700

750

800

TW
T 

(m
s)

900

850

950

850

900

950

TW
T 

(m
s)

1050

1100

1000

1000

1050

1150

1200

1100

TW
T 

(m
s)

1250

Sweet et al. Figure 15

Figure 15



0 5 10km

B

A

D

C

-1
00

0
-9

50
-9

00
-8

50
-1

15
0

-1
10

0
-1

05
0

-7
00

-6
50

-6
00

-1
15

0
-1

10
0

-1
05

0
-1

00
0

0 0.5 1km

0 0.5 1km

0 0.5 1km

0 0.5 1km

SN

TW
T 

TW
T 

TW
T 

TW
T 

SN

EW

SN

A.

B.

C.

D.

Lobe complexes

LobesGully lobe

HAD

HAD

HADLAC
HAC

Avulsion lobe
Gully lobe

Lobe Complex

Lobe Complex
Lobes

Retreating lobe elements

20
0m

40
0m

60
0m

80
0m

0 1 2 km

D

C

1.

2.

Lobe 1
Lobe 2
Lobe 3
Lobe 4
Lobe 5
Lobe 6

+

-

+

-

+

-

+

-

Figure 16



D50 Grain 
Size (mm)0.001 10

10

20

30

40

50

0 mbsf

10km

1

2

3

4
5

6
6’

5km
6 6’

5km

2.5km

Shelf break

Toe -of -slope
Basin floor

Basin plain

Flow direction

Incised channel fill

Mouth bars

-

Distributary 
channel feeding 
the mouth-bar

Incised feeder 
channel (~15m)

Mouth-bar
(mounded)

Fringe 
(tabular)

Distal 
Levee

Proximal 
Levee

“Pinch down” 
geometry

4

2

Pinch-down point

Figure 17








