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22 Abstract 
23 The Brazilian Equatorial Margin is strongly influenced by sediment supply from the Amazon 

24 River, where the Plio-Pleistocene succession lacks geochronological data making the 

25 stratigraphic architecture of this continental margin and its driving mechanisms poorly 

26 understood. Here we study a shelf-edge area of the Brazilian Equatorial Margin when 

27 siliciclastic deposition started around 3.7 to 4 Ma immediately after the well-known Amapá 

28 carbonate platform. We perform a coupled approach of sequence stratigraphic analysis of a 3D 

29 seismic block, and cyclostratigraphic analysis of gamma-ray (GR) log data from three 

30 exploration wells. We identify nine main seismic sequences since the onset of siliciclastic 

31 deposition. Cyclostratigraphic analyses indicate that each seismic sequence corresponds to a 

32 long 405 kyr eccentricity cycle. Additionally, we show that the nine 405 kyr eccentricity related 

33 seismic sequences are grouped into three depositional mega-sequences (MS-I through MS-III), 

34 which mark major changes in stratal architecture along the Brazilian Equatorial shelf edge. 

35 Orbitally calibrated mega-sequence boundaries yield ages of 3.7, 2.4 and 0.8 Ma for the bases 

36 of MS-I, MS-II and MS-III respectively. Correlation of these mega-sequence boundaries with 

37 the global sea-level change suggests that long-term increase in the amplitude of sea-level 
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38 fluctuations is likely the primary driver of these major sedimentary changes. We suggest that 

39 basal mega-sequence boundaries of MS-II and MS-III at 2.4 and 0.8 Ma may reflect important 

40 steps in the Earth's Quaternary climate and sea level, specifically overall cooling that led to the 

41 intensification of Northern Hemisphere Glaciations (iNHG) and the Mid-Pleistocene Transition 

42 (MPT). Finally, a further significant change in shelf edge architecture at around 0.4 Ma 

43 corresponds to a change from mostly prograding patterns since 0.8 Ma to mostly aggrading 

44 ones during the last 405 kyr. This shift in the depositional system is likely related to the 

45 prominent high amplitude sea-level rise characterizing the long-lasting Marine Isotopic Stage 

46 11.

47

48 Keywords: Brazilian Equatorial Margin, Offshore Amazon Basin, Plio-Pleistocene, 

49 cyclostratigraphy, seismic and sequence stratigraphy, astro-climate.

50

51 1. Introduction 

52 The Amazon River plays a significant role in Earth’s hydrologic budget, contributing to 20% 

53 of global fluvial input to the oceans (Dai and Trenberth, 2002). Covering 35.5% of the South 

54 American continental surface, the Amazonian hydrographic basin is the world's largest drainage 

55 basin (Milliman, 2001; Nittrouer et al., 1986), and contains the Amazonian Forest and 

56 ecosystem, which serve as vital indicators of Earth's climate (Malhi et al., 2008). The Amazon 

57 River acts as a biological barrier on land and in sea due to its prominent sediment plume and 

58 high concentrations of suspended material and nutrients that spreads for thousands of 

59 kilometres over the North Brazilian Continental Shelf and adjacent open waters (Giachini 

60 Tosetto et al., 2022). As a result, the impact of climate on the supply of water and sediment 

61 along the Amazon River, recorded in the stratigraphic succession of the adjacent continental 

62 margin, has received increasing attention in recent years, from a broad scientific community 

63 including geoscientists, oceanographers, and biologists.

64 The stratigraphic succession of the Amazon continental margin documents intricate 

65 forcing processes from climate, precipitation and sea level which drive sediment supply over 

66 time. A seminal study based on 2D seismic and well-log analysis showed the dominance of sea-

67 level variations in shaping the Amazon offshore sedimentary system (Damuth and Kumar, 

68 1975). During sea level highstands, sedimentary deposits primarily accumulate nearshore, 

69 while suspended sediments are transported by longshore currents, partially accumulating along 

70 the northern Brazilian coastline or reaching the French Guiana shelf and beyond (Eisma and 

71 van der Marel, 1971; Jacobs and Ewing, 1969; Milliman et al., 1975). When sea level decreases 
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72 and reaches the shelf edge, terrigenous sediments from the Amazon are intercepted by the 

73 Amazon Canyon, bypassing the outer shelf and accumulating directly on the well-developed 

74 Amazon deep-sea fan along the Brazilian margin's slope (Damuth et al., 1983; Damuth and 

75 Kumar, 1975).

76 Gaining a deeper comprehension of the impact of sea level fluctuations and the broader 

77 influence of climate has been the central theme of numerous studies (Behling et al., 2000; 

78 Crivellari et al., 2018; Hoorn, 1997; Nace et al., 2014; Rühlemann et al., 2001; Zhang et al., 

79 2015). However, these studies are focused on the last glacial-interglacial cycles, spanning up 

80 to a maximum of 400,000 years.

81 Earth’s orbital parameters exert a strong effect on global climate and sea level, 

82 particularly Earth’s orbital eccentricity dominated the global climate during the last million 

83 years, and may impact the Amazon drainage basin and margin as well (Gorini et al., 2014). 

84 Nevertheless, our understanding of the impact of climate change on sediment accumulation 

85 over longer time spans remains less clear due to limited data availability and quality near the 

86 Amazon River mouth. Although more than 40 exploration wells have been drilled on the 

87 Amazon shelf, they typically target deeper sedimentary formations and contain limited 

88 information on the Plio-Quaternary succession. Biostratigraphic data for the Plio-Pleistocene 

89 succession are scarce, resulting in a poorly constrained age model, which impacts our 

90 comprehension of the evolution through time of the Amazon continental margin architecture.

91 This study examines for the first time a detailed Plio-Pleistocene stratigraphy of the 

92 Amazon margin, using a 3D seismic block and well-log data from three nearby boreholes. We 

93 use an integrated approach of cyclostratigraphy based on gamma-ray logs, and sequence 

94 stratigraphy based on the analysis of 3D seismic block. Using this integrated approach, we aim 

95 to decipher the main sediment sequences and packages of the Amazon shelf edge, and to 

96 unreveal the main driving mechanisms of its evolution over time.

97 2. Geological setting 

98 The Brazilian Equatorial Margin (Figure 1) was formed in two steps during the opening of the 

99 Equatorial Atlantic Ocean: an early step during the Late Triassic Epoch through the Jurassic 

100 Period (~225-145 Ma) leading to the opening of the Central Atlantic Ocean, and a later step 

101 associated with continental rifting during the Early Cretaceous (~120–105 Ma) (Darros de 

102 Matos, 2000). Open-marine deposition began around the Albian with the clastics Limoeiro 

103 Formation (approximately 102 Ma) and persisted until the Palaeocene Figueiredo et al. (2007). 

104 From the late Palaeocene (around 59 Ma) to the late Miocene, the basin was dominated by 

105 mixed carbonate-siliciclastic shelf sediments (Marajo and Amapá Formations) (Figueiredo et 
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106 al., 2007). From the late Miocene onward, increasing clastic sediment influx led to the burial 

107 of the carbonate platform (Gorini et al., 2014), resulting in the formation of the present-day 

108 Offshore Amazon Basin including continental shelf deposition and the Amazon Fan laying on 

109 the slope and abyssal plain. The events triggering the transition from carbonates to silico-clastic 

110 sedimentation remain a subject of ongoing debate (Campbell, 2010; Cruz et al., 2019; 

111 Figueiredo et al., 2010, 2009; Gorini et al., 2014).

112
113 Figure 1: Bathymetric map of the NW Equatorial Brazilian Margin along with the location of sites of 

114 the studied data. The 3D seismic block is shown with the sea floor topography. The North Brazilian 

115 Current (NBC) is indicated with a thick blue arrow (Note the current also sweeps the continental shelf, 

116 the arrow is only indicative).  In the expanded view, three wells are displayed in green (well #1 and #2 

117 inside the 3D block, and well #3 outside the 3D block); two inlines A and B in dark blue are interpreted 

118 in figures 4 and 5, in addition to two 2D seismic lines C and D (also shown) used to tie the well #3 with 

119 the 3D seismic block.

120 Various studies of the stratal architecture of the Offshore Amazon Basin have proposed 

121 a Late Miocene age for the cessation of carbonate sedimentation, marked by the top of the 

122 Amapá Formation, linked to an increase in siliciclastic sediments due to the initiation of the 

123 transcontinental Amazon River (Brandao and Feijo, 1994; Campbell, 2010; Carozzi, 1981; 

124 Figueiredo et al., 2010, 2009; Silva et al., 1998; Wolff and Carozzi, 1984). However, recent 

125 research suggests that carbonate sedimentation persisted in the Offshore Amazon Basin well 

126 after the Late Miocene (Cruz et al., 2019; Gorini et al., 2014). In particular, Cruz et al. (2019) 

127 used calcareous nannofossil zonations in well data to re-evaluate the study of Figueiredo et al. 

128 (2009), taking into account the variability in the cessation of carbonate deposition proposed by 
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129 Gorini et al. (2014). This led to the establishment of a Late Miocene age (8 million years) for 

130 the cessation of carbonate sedimentation in the southern part of the Brazilian Equatorial shelf, 

131 versus an Early Pliocene age (3.7-4.1 Myrs, Figure 2) in the northern sector of the basin (near 

132 Well #3).

133 The Offshore Amazon Basin lies in the northwestern portion of the Brazilian Equatorial 

134 Margin (Figure 1) and encompasses an area of approximately 360,000 km² (Silva et al., 1998). 

135 The basin corresponds to a depocenter in front of the Amazon River Mouth, containing up to 9 

136 km of siliciclastic sediments. Between 8 to 3.7 million years, most of the clastic sediments were 

137 trapped in a paleo-embayment in front of the Amazon River mouth (Cruz et al., 2019). 

138 Following the embayment's completion, sediment progradation commenced, primarily toward 

139 the northeast due to the influence of the North Brazilian Current (NBC), which continues to 

140 impact the Amazon plume and facilitate sediment migration toward the northern part of the 

141 margin (Gensac et al., 2016; Hu et al., 2004). During periods of falling sea levels, the slope and 

142 basin experience significant influence from Amazon-derived sediments deposited into the 

143 Amazon deep-sea fan via the Amazon Canyon (Flood et al., 1995; Maslin et al., 2006). In 

144 proximity to the canyon, the deep-sea fan expands to around 380 km in width and extends to 

145 the abyssal plain at depths reaching approximately 4850 m (Damuth and Kumar, 1975). The 

146 thickness of sediment within the Amazon fan (reaching up to 9 km) has prompted isostatic 

147 subsidence and lithospheric flexural deformation beneath the fan and surrounding regions, 

148 including the outer shelf (Cruz, 2018; N. W. Driscoll and Karner, 1994; Rodger et al., 2006; 

149 Silva et al., 1998).
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150
151 Figure 2: Lithology and gamma ray (GR) data of Wells #1, #2 and #3 (Plio-Pleistocene interval) shown 

152 from left north (Well #1) to right south (Well #3). The purple interval at the beginning of the Plio-

153 Pleistocene section, just above the top Amapá Formation, in Well #3 was dated by biostratigraphy at 

154 3.7 to 4.1 Ma (Cruz et al., 2019). Some unusual changes in the GR values, due to technical issues such 

155 as the presence of casing or tool change, are noted in light grey along the wells.
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156 3. Data and methods

157 3.1. 3D seismic and downhole datasets 

158 This study uses a 3D seismic block up to 60 km long and 40 km wide, with a grid spacing of 

159 25 meters, encompassing 2387 inlines and 1733 crosslines (Figure 1). The seismic volume was 

160 processed using a standard sequence that included pre-stack time migration (PSTM). The data 

161 has a vertical sampling interval of 4 ms, and the full-stack signal exhibits a dominant frequency 

162 of 37 Hz, offering a vertical resolution of 10-20 m for velocities from 1500 to 3000 m/s. 

163 Downhole data were used from three wells situated within or near the 3D seismic block 

164 (Figure 1), which span the entire Plio-Pleistocene series (Figure 2). These three wells labelled 

165 APS44, APS29, and APS45B, are referred henceforth to Wells #1, #2, and #3, respectively. 

166 Wells #1 and #2 are situated within the 3D seismic block, while Well #3 is 17 km southeastern 

167 of the 3D seismic block (Figure 1). Gamma-ray (GR) log data have a depth resolution of 15-

168 20 cm. GR values are expressed in API (American Petroleum Institute) unit. GR data are 

169 available from seafloor in Well #2, and below depths 75 m and 49 m in Wells #1 and #3, 

170 respectively. Significant shifts in GR values around 560 m in Well #1 and 600 m in Well #2 are 

171 associated with the presence of casings in the upper intervals rather than lithological variations. 

172 A rough lithological description based on a low-resolution (3 to 5 m) mud sampling are 

173 available for the three wells (Figure 2). The biostratigraphic age model is poorly constrained. 

174 Only two potential calcareous nannofossil age ranges in Well #3 were defined (Cruz et al., 

175 2019). The first age ranges from 3.7 to 3.92 Ma, which is inferred from the recognition of the 

176 Last Occurrence (LO) of Sphenolithus Neoabies at depth 1910 m. The second age ranges from 

177 3.92 to 4.13 Ma, which is based on the detection of the First Occurrence (FO) of Discoaster 

178 tamalis at depth 1940 m. These biostratigraphic data are projected onto Wells #1 and #2, and 

179 correlated from the wells to the 3D seismic dataset (Figure S1).

180 3.2. Seismic sequence stratigraphic methods 

181 A standard seismic analysis approach (Mitchum and Vail, 1977) was used for the 3D seismic 

182 data based on the recognition of reflection termination such as onlap, erosional truncations, 

183 seismic facies/configuration and vertical stacking patterns. This method led to the creation of a 

184 seismic facies and architectural element catalogue (Figure 3). 
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185
186 Figure 3: Seismic facies classification and interpretation of stratigraphic elements and geometries.

187

188 In addition to the seismic analysis, a sequence stratigraphy model has been developed 

189 (Figure 4). Each of the observed facies is interpreted in terms of system tracts, following the 

190 stratigraphic sequence definition put forth by Catuneanu (2019, 2006) and Catuneanu et al. 

191 (2011, 2009). According to this definition, a stratigraphic sequence consists of a succession of 

192 strata deposited during a complete cycle of change in accommodation space or sediment supply. 

193 Accommodation, representing the relative volume available for sediments at a given time, is 

194 primarily influenced by two mechanisms: eustatic fluctuations and subsidence (Catuneanu et 

195 al., 2011). This definition is particularly evident in the shelf to upper slope areas with relatively 

196 shallow environments. In deeper settings, such as the lower slope and deep basin, the effects of 

197 hydrodynamics and currents must be considered more carefully, as they could generate 

198 significant deposits such as turbidites or contourites. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4837310

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



9

199 Consequently, a sequence is composed of various system tracts, each corresponding to 

200 different stages in the variation of the ratio between accommodation rate and sediment supply 

201 (A/S ratio). We used the Depositional Sequence IV, introduced by Hunt and Tucker (1992) and 

202 Helland-Hansen and Gjelberg (1994) to define each system tract. According to this model, a 

203 complete sequence cycle comprises four distinct system tracts: The Transgressive System Tract 

204 (TST), The Highstand System Tract (HST), The Falling Stage System Tract (FSST), and the 

205 Lowstand System Tract (LST). 

206 Moreover, since progradation typically takes place as a continuous depositional process 

207 from Highstand to Lowstand conditions, identifying and correlating the Sequence Boundaries 

208 (SBs), limiting the FSST to the LST, on a regional scale can be challenging. As a result, we 

209 prefer to use the reflectors corresponding to the Transgressive Surface (TS) as markers for 

210 sequence boundaries.

211 In pursuit of a comprehensive understanding of the study area's evolution, the 

212 interpretation and analysis of stratigraphic sequences were conducted using specialized 3D 

213 seismic interpretation software, PALEOSCAN (https://www.eliis-geo.com).

214 3.3. Cyclostratigraphic methods and time-series analysis 

215 We use gamma-ray (GR) data as an indirect paleoclimatic proxy for characterizing orbitally-

216 driven continental and marine sediments (e.g., Ruffell and Worden, 1999; Weedon et al., 2004; 

217 Wu et al., 2013). Since the Gamma-Ray (GR) data does not start at the seafloor in Wells #1 and 

218 #3, we extended the signal to cover this depth. Afterward, we detrend the GR dataset using the 

219 weighted-average lowess method (Cleveland, 1979) to mitigate abrupt changes resulting from 

220 acquisition issues like tool changes and cased intervals as well as to eliminate linear and 

221 parabolic trends that could reduce the amplitude of higher frequency cycles. Subsequently, we 

222 use the multi-taper method (MTM) spectral analysis to seek for sedimentary cyclicities within 

223 GR data (Thomson, 1982). The manual frequency ratio method, such as the 5:2:1 relationship 

224 among short eccentricity (~100 kyr), the obliquity component (~41 kyr), and precession (~20 

225 kyr), aids in identifying potential astronomical cyclicities. We use a Gaussian filter to extract 

226 target astronomical cycles (Paillard et al., 1996). We filter to the short eccentricity band, which 

227 is the most prominent astronomical cycle in GR datasets. We then construct age model for 

228 Wells #1 and #3 by aligning the minima of the filters with minima of Earth’s short eccentricity 

229 from the La2004 astronomical solution (Laskar et al., 2004). Well #2 crosses the lower 

230 siliciclastic series, a highly deformed area, therefore the GR dataset of Well #2 is not suitable 

231 to build an age model for the whole siliciclastic series and only the upper interval is studied in 

232 this paper (Figure S2). To obtain a geochronological anchor point at the top of studied wells, 
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233 we used the radiocarbon dating conducted on samples collected at the seafloor within the 

234 seismic block by Vale et al. (2022), which are dated to approximately 15,000 years BP. These 

235 samples consist of carbonate rocks and are equivalent to the lithological description at the 

236 seafloor along Well #1 (Figure 2). Lastly, we compare our age model with the outcomes of the 

237 “eCOCO” method. The “eCOCO” tool is based on the COrrelation COefficient method (Li et 

238 al., 2019) and allow to study sedimentation rate evolution across datasets. The COCO 

239 technique, inspired by the average spectral misfit (ASM) method of Meyers and Sageman 

240 (2007), is an automatic frequency ratio method. It estimates the correlation coefficient between 

241 the power spectra of an astronomical target signal and paleoclimate proxy series across a range 

242 of tested sedimentation rates. Similar to ASM, a null hypothesis of no astronomical forcing is 

243 assessed through Monte Carlo simulation prior to validating our results. The analysis steps were 

244 performed using Acycle v2.0 software (Li et al., 2019).

245 4. Results

246 4.1. Dating the onset of the siliciclastic deposition

247 A prominent and continuous high-amplitude reflector (Figure 4) marks the top of the Amapá 

248 Formation. In the wells, this reflector corresponds to a lithological change from sand-sized 

249 carbonates to fine-grained siliciclastic sediments, and covers nearly the entire surface of the 

250 seismic block. A second thick, continuous, high-amplitude reflector represents the seafloor, 

251 defining the top of the Plio-Pleistocene series.

252 Only one biostratigraphic age point in Well #3 spanning 3.7-4.1 Ma is available at the 

253 base of the siliciclastic Formation (Figure 2, see Data and Methods). Well #3 is just outside the 

254 3D seismic block. We thus followed the position of the biostratigraphic point from Well #3 

255 along 2D seismic lines crossing Well #3 towards our 3D seismic block (see Figure S1). The 

256 correlation falls just above the Amapá carbonate platform and in the first reflections of the 

257 siliciclatic sediment in Well #2 (Figure S1). Therefore, we suggest an age of around 4 Ma for 

258 the onset of post Amapá siliciclastic sediments in our studied area.

259 4.2. Stratigraphic sequences

260 4.2.1. Seismic facies and associated sedimentary architecture
261 We identified seven seismic facies (SF1 through SF7, Figure 3) based on a detailed analysis of 

262 the geometry, terminations, and impedance of seismic reflectors, and provided an interpretation 

263 in terms of depositional architecture.
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264 - SF1 consists of stacked horizontal and parallel reflectors with high amplitude and good 

265 lateral continuity (corresponding to a high impedance contrast between beds). SF1 overlaps 

266 other seismic facies, displaying onlapping terminations. SF1 is capped by a distinct prograding 

267 clinoform surface (base of the HST), therefore it corresponds to a Transgressive System Tract 

268 (TST).

269 - SF2 comprises seismic reflectors of medium amplitude and low lateral continuity, with 

270 mostly sub-horizontal and sub-parallel reflectors. Sigmoidal to oblique reflections 

271 corresponding to basinward prograding foresets allow clear differentiation of this seismic unit 

272 from the TST. This seismic facies is linked to a Highstand System Tract (HST).

273 - SF3 is characterized by clinoforms (oblique) towards the basin of low to medium 

274 amplitude reflectors with steep angles. Reflectors are toplapping and outward building into the 

275 basin, exhibiting downlaps at the base of the seismic unit. This facies displays progradation 

276 only with a clear downward shift of toplaps that links it to the Falling Stage System Tract 

277 (FSST).

278 - SF4 is defined by inclined reflectors of medium to low amplitude with steep angles, 

279 and is topped by one or two high-amplitude reflectors. Reflectors show progradation, while a 

280 minor aggradational component is visible in some parts. This seismic facies is hence linked to 

281 a Falling Stage System Tract (FSST) or/and a Lowstand System Tract (LST) on the slope, 

282 contingent on the presence or absence of aggradation.

283 - SF5 is marked by very low amplitude reflectors that prograde and aggrade. This facies 

284 exhibits onlap and downlap terminations and is associated with the Lowstand System Tract 

285 (LST) or early Transgressive System Tract (TST).

286 - SF6 features discontinuous and deformed reflectors of medium to high amplitude. Due 

287 to its internal geometry and position along Submarine Landslide scar (SLi), it is linked to mass 

288 transport deposits.

289 - SF7 is characterized by high amplitude and low-frequency reflectors, sometimes 

290 presenting a lateral shift in polarity. This seismic facies is also associated with topographic high 

291 features. The combination of these characteristics suggests the occurrence of carbonate build-

292 ups.

293

294 4.2.2. Lithologies and general settings
295 The Pliocene-Pleistocene series of the studied wells is primarily composed of shales, 

296 accounting for approximately 90% of the drilled lithologies, with sandstone being the second 

297 most abundant lithology (Figure 2). Some siltstones are also observed in the lower part of the 
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298 series, closer to the Amazon River mouth (Wells #2 and #3; Figure 2). Finally, calcarenites 

299 constitute around 1% of the recovered sediments.

300 The thickness of the Plio-Pleistocene series varies in function of the distance from the 

301 Amazon River mouth. It is thicker in the southern part of the seismic block, reaching 1822 m 

302 at Well #3, and 1514 m at Well #2, while it significantly decreases to 1026 m at Well #1 in the 

303 northern part of the seismic block. The primary morphology of the Plio-Pleistocene series 

304 features slightly tilted reflectors prograding towards the North-East (Figure 4).

305

306 4.2.3. Seismic sequences and their organization into mega-sequences
307 Stratigraphic interpretation of the 3D seismic data allowed the identification of nine seismic 

308 sequences (S1 through S9, Figure 4) defined as a succession of strata deposited during a 

309 complete cycle of change in accommodation space (A) or sediment supply (S) and identified 

310 by the succession of various system tracts, each corresponding to different stages in the 

311 variation of the ratio between accommodation rate and sediment supply (A/S ratio). The TS is 

312 used as sequence boundary and is defined by the change from mostly prograding to mostly 

313 aggrading condition. The surface is characterized by extensive retrogradational stacking 

314 patterns showing numerous onlap terminations. Based on common characteristics, the nine 

315 seismic sequences were grouped into three distinct mega-sequences, referred to as MS-I, MS-

316 II, and MS-III and decribed as follows. 

317

318 MS-I includes seismic sequences S1, S2, and S3 which is 374 m thick in Well #1 and 

319 encompasses the lower part of the Plio-Pleistocene series (Figure 4). Transgressive System 

320 Tracts (TSTs) are not clearly identified within S1 to S3, as the onlap terminations that typically 

321 define these seismic sequences are not discernible in this mega-sequence. Nevertheless, there 

322 are thick high-impedance reflectors covering the top of the underlying regressive pattern. 

323 Sometimes, these reflectors appear notably thicker toward the continent with apparent onlap, 

324 and were thus identified as TSTs, with the higher impedance contrast may be linked to sand 

325 deposits (Figure 2, Well #1). Highstand System Tracts (HSTs) and Falling Stage System Tracts 

326 (FSSTs) within S1 to S3 exhibit reflectors with low steepness. Furthermore, the foresets of the 

327 clinoforms within S1 to S3 are well-developed and can extend over tens of kilometers in length. 

328 Erosion within S1 to S3 remains limited (Figure 4). Notably, the thicknesses of S1 to S3 exhibit 

329 a clear decrease over time in Well #1 (Figure 4) due to important progradation.

330 MS-II comprises seismic sequences S4 through S7, which is 388 m thick in Well #1 

331 (Figure 4). Seismic sequences S4 through S7 share common features, including increasing TST 

332 thicknesses compared to sequences S1 through S3 that compose MS-I. In MS-II, the TSTs are 
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333 characterized by stacked sub-parallel reflectors with onlapping terminations, displaying a thick 

334 aggrading pattern. Internal reflectors within clinoforms show a notable increase in steepness 

335 and a reduction in bottomset extension relative to MS-I. The most significant change among 

336 MS-I and MS-II is extensive erosion observed in MS-II (Figure 4). S4 to S7 are significantly 

337 affected by erosion, either on the outer shelf or on the slope. Submarine landslides along the 

338 slope have removed substantial sediment volumes, while on the outer shelf, the Transgressive 

339 Surface (TS) is marked by erosive unconformities.

340 MS-III comprises seismic sequences S8 through S9 and is only 264 m thick in Well #1 

341 (Figure 4). MS-III is distinguished by a shift of sediment accumulation into the slope area, 

342 leading to a substantial increase in progradation rates. On the slope, sub-seismic cycles are 

343 evident, corresponding to nine smaller-scale Falling Stage System Tracts (FSSTs) (referred to 

344 as FR1 to FR9 in Figure 4). These sub-cycles are only observed within S8 and S9. 

345 Consequently, S8 and S9 have been classified under a separate mega-sequence. Their 

346 morphologies and distribution differ from the seven main FSSTs observed in MS-I and MS-II. 

347 The nine FSSTs FR1-FR9 can be categorized into two groups. The first five regressions (FR1 

348 to FR5) only exhibit progradations with a shift toward the basin (Figure 4). Conversely, the 

349 four younger regressions (FR6 to FR9), situated at the top of the Plio-Pleistocene series, display 

350 a distinct high aggradation pattern. Their geometries vary from the south to the north, featuring 

351 very steep reflectors along Inline B (Figure 4) and low-angle reflectors along Inline A (Figure 

352 4). MS-III is also distinctive for the emergence and development of steep canyons along the 

353 slope and the abundance of carbonate build-ups (SF7; Figure 3).

354 Extensive descriptions of the above seismic mega-sequences are available in the supplementary 

355 material.
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357 Figure 4: Inlines A and B crossing respectively Wells #1 and #2 (See location in Figure 1). Lithology 

358 and GR data are shown along the wells. Black stars in Well #1 log show the check shots position used 

359 for the time-depth conversion. The three intervals in orange, green, and yellow at the left side of the 

360 lower profiles, depicts the three interpreted mega-sequences (labelled MS-I though MS-III). In the 

361 interpreted profiles, along the wells, grey-shaded intervals noted S1 through S9 indicate the nine 

362 identified seismic sequences. Brown lines in the lower profiles (labelled SLi1 and SLi2) emphasize two 

363 Submarine Landslides scars and deposits. Light blue dots highlight potential shoreline position during 

364 lowest sea level. In the interpreted Inline B, labels FR1 through FR9 depict the identified regressive 

365 prisms (Forced Regression 1 through 9) inside the last two seismic sequences. 

366 4.3. Cyclostratigraphy

367 The Multi-Taper Method (MTM) spectral analysis of the Gamma-Ray (GR) datasets in 

368 depth domain reveals numerous frequencies (Figure 5). Using manual frequency ratio method, 

369 we identified three frequency bands in each well matching frequency ratios of short eccentricity 

370 (97-128 kyr), obliquity (41 kyr), and precession (19-23 kyr). In Well #1, short eccentricity 

371 wavelengths range from 25 to 35 m, obliquity wavelength is about 11 m, and precession 

372 wavelength is about 6 m. In Well #2, 32 m wavelength is interpreted as short eccentricity, 12 

373 m wavelength as obliquity, and 6 m wavelength as precession (Figure S2). Finally, in Well #3, 

374 46 m wavelength corresponds to short eccentricity, 21 m to obliquity, and 11 m to precession 

375 (Figure 6). The increase in cycle wavelength from north to south, i.e. from Well #1 to Well #3, 

376 reflects an increase in sedimentation rate due to decreasing distance to the mouth of the Amazon 

377 River. Additionally, there is a longer wavelength of 172 m in Well #3, which may correspond 

378 to the 405 kyr long eccentricity (Figures 6 and S2). Broad bandpass filters have been applied to 

379 the potential Earth's short eccentricity for each well (Figures 5 and 6) to orbitally tune the GR 

380 data (Figure 7).
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381
382 Figure 5: Cyclostratigraphic analysis of GR data of Well #1 along the siliciclastic series (depths 168 to 

383 1194 m Kelly Bushing). (A) Raw GR dataset (Curve a) extended to the seafloor (see Data and Methods). 

384 Detrended GR data using a 35% LOWESS regression (Curve b). Bandpass filter output of 25 to 35 m 

385 cycle band (0.024 to 0.046 m-1) potentially associated with Earth’s short orbital eccentricity (Curve c). 

386 (B) 2-MTM power spectrum of the detrended GR data along with the interpreted orbital cyclicities 

387 using manual frequency ratio method. Red, green, yellow and black lines indicate 99%, 95%, 90% and 

388 median robust AR (1) red noise confidence levels respectively. (C) eCOCO results compared to the 

389 sedimentation rates (orange curve) inferred from a tuning on La2004 Earth short eccentricity.
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390
391 Figure 6: Cyclostratigraphic analysis of GR data of Well #3 along the siliciclastic series (depths 132 to 

392 1954 m Kelly Bushing). (A) Raw GR dataset (Curve a) extended to the seafloor (see Data and Methods). 

393 (b) Detrended GR data using a 35% LOWESS regression (Curve b). Bandpass filter output of 46 m cycle 

394 band potentially associated with Earth’s short orbital eccentricity (Curve c). (B) 2-MTM power 

395 spectrum of the detrended GR data along with the interpreted orbital cyclicities using manual frequency 
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396 ratio method. Red, green, yellow and black lines indicate 99%, 95%, 90% and median robust AR (1) 

397 red noise confidence levels respectively. (C) eCOCO results compared to the sedimentation rates 

398 (orange curve) inferred from a tuning on La2004 Earth short eccentricity.

399 Two independent age models were constructed for Wells #1 and #3 based on a tuning 

400 to La2004 (Laskar et al., 2004) cycle minima of Earth's short eccentricity (Figure 7). 

401 The age model of Well #1 indicates an age of the base of the siliciclastic series at 3688 

402 kyr when tuned to the La2004 Earth’s short eccentricity (Figure 7). The age of each seismic 

403 unit boundary correlates more or less with the global sea-level falls inferred from deep-sea 

404 foraminiferal 18O (Miller et al., 2020; Figure 7). The age model of Well #3 suggests an age of 

405 the base of the siliciclastic series at 3960 kyr (Figure 7). The difference in the basal age of the 

406 siliciclastic series, 272 kyr between the two wells, could be attributed to the varying positions 

407 of the wells. Well #3, being closer to the Amazon River mouth, may have received sediments 

408 earlier compared to the more distant well #1. Significant decreases in GR values are likewise 

409 correlated with major falls in the global sea level. Due to the poor quality of the available 2D 

410 seismic lines, the limits of seismic sequences could not be accurately extended to Well #3. 

411 Nonetheless, significant drops in the GR of Well #3 can potentially be correlated with those in 

412 Wells #1 and #2. These significant drops have then been correlated with seismic sequence 

413 boundaries on the basis of the time-depth relationship. The offsets between the main sea level 

414 falls and seismic sequence boundaries can be explained by tuning to astronomical forcings 

415 (Figure 7). While astronomical forcings do influence climate, it's important to note that they 

416 are not the sole proxy affecting climate, and their effects are not instantaneous.

417 Each age model allows assessment of sedimentation rates along each well. The manually 

418 obtained sedimentation rates were then compared to those inferred from the eCOCO method. 

419 The manual sedimentation rates in Wells #1 and #3 capture the general trends of the eCOCO 

420 sedimentation rates (Figures 5 and 6). Some mismatches have also been noted, which may be 

421 explained by abrupt changes in sedimentation rates. Sedimentation rates inferred from both 

422 methods exhibit high variability. Along Well #1, sedimentation rates range from less than 15 

423 cm/kyr to up to 40 cm/kyr (Figure 5). In Wells #2 and #3 sedimentation rates vary from 18 to 

424 45 cm/kyr and 25 to 65 cm/kyr, respectively (Figures 6 and S2). This high variability in 

425 sedimentation rates accounts for the multiple frequency peaks observed in the Multi-Taper 

426 Method (MTM) spectral analysis (Figures 5 and 6). The MTM analysis also reveal a stronger 

427 short eccentricity component compared to the obliquity power (Figure 7). 
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428
429 Figure 7: GR data of Wells #1 and #3 in time domain after a tuning between the La2004 Earth’s short 

430 eccentricity minima and the minima of the filters of 30 m frequencies and 46 m frequencies for Well #1 

431 and #3 respectively. The GR curves in time are compared to sea level variation from Miller et al. (2020). 

432 Dark and light grey area behind the curves corresponds to seismic sequences and the potential eustatic 

433 cycle associated. The lower panels present the Multi-Taper-Method of Wells #3 and #1 (see 

434 corresponding colours), with the main astronomical cyclicities. Red, green, yellow and black lines 

435 represent the 99%, 95%, 90% and median Robust AR (1) confidence levels respectively.

436 4.4. Comparison between seismic observations and cyclostratigraphy

437 As a first approximation, we can assume that each seismic sequence has developed over the 

438 same amount of time and corresponds to the same cycle order. Thus, we divide the duration of 

439 the studied siliciclastic series given by biostratigraphy, i.e. 3.7-4.1 Myr, by the number of the 
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440 observed seismic sequences. We obtain a duration of 411-456 kyr for each of the seismic 

441 sequences (9 sequences/3.7-4.1 Ma; Figure 4). The 411-456 kyr duration is close to the 405 kyr 

442 eccentricity periodicity, suggesting an orbital driver of the major seismic sequences S1 through 

443 S9 (Figure 7). This hypothesis is supported by cyclostratigraphy of GR data, and in particular 

444 by the presence of 4 short eccentricity cycles (97 to 128 kyr) within each major seismic 

445 sequence (Figure 7). Additionally, GR data in Well #3 record the 405 kyr eccentricity cycle 

446 (Figures 6 and 7).  Therefore, we conclude that long eccentricity (405 kyr) is the main orbital 

447 parameter influencing the sediment architecture on the Amazon continental margin as observed 

448 on our seismic data.

449 Within seismic sequences S8 and S9, nine smaller scale sequences are exceptionally 

450 well expressed (FR1 to FR9, Figure 4). The seismic sequences (S1 through S9), being 

451 associated with long eccentricity cycles (405 kyr), allow to calibrate the smaller scale sequences 

452 to a periodicity close to the short eccentricity. We can equally use the age obtained through 

453 cyclostratigraphy for the base of Sequence S8 inside Well #1: 858 ka and inside Well #3: 901 

454 ka (Figure 7) to calculate the periodicity of these smaller scale sequences. We obtain two 

455 periodicities of ~95.3 kyr (858/9) for Well #1 and ~100 kyr (901/9) for Well #3. Finally, GR 

456 data of Well #3 document a stronger short eccentricity signal within sequences S8 and S9 

457 matching the smaller scale seismic sequences (Figure 7).  

458 5. Discussion

459 5.1. Orbital forcing of Plio-Pleistocene succession in offshore Amazon Basin

460 Our results highlight the impact of Milankovitch cycles on the nature and architecture of 

461 sediments in the offshore Amazon Basin. In particular, cyclostratigraphic results highlight three 

462 main frequency bands related to short eccentricity (97-128 kyr), obliquity (41 kyr) and 

463 precession (19-23 kyr). Major seismic sequences are correlated to the 405 kyr eccentricity 

464 cycle. (Figure 7).

465 Previous studies of the sedimentary architecture of continental margins using seismic 

466 and well-log data have proposed a correlation between depositional sequences and the 405 kyr 

467 orbital eccentricity cycles (e.g., (Chima et al., 2020; Gorini et al., 2014). On the Amazon 

468 margin, Gorini et al. (2014) proposed that the 405 kyr cycle drove the deposition of clastic 

469 sequences overlying the Amapá carbonate platform and proposed a basal age of the siliclastic 

470 serie of 2.4 Ma on the area, based on 2D seismic interpretation. Our astronomical age model 

471 and our 3D seismic interpretation indicate that the outbuilding of the shelf due to deposition of 

472 Amazon-derived clastics began earlier, at around 3.7 Ma (Figures 7 and 8). 
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474 Figure 8: Sequence stratigraphy interpretation of the inlines A and B (see their location in Figure 1). 

475 The sea level curve of Miller et al. (2020) is shown on the left side of wells #1 and #2 in light blue. The 

476 orange curve represents the Earth’s short eccentricity from the La2004 solution. The red and green 

477 triangles along the wells depict the relative sea level variation interpreted through seismic observation. 

478 Red triangles represent regressions while the green ones transgressions. 

479

480 In the two youngest seismic sequences (S8 and S9, Figure 8), a cyclicity of 100 kyr is 

481 proposed and explains the presence of 9 Falling Stage System Tracts or forced regression (FR1 

482 to FR9; Figure 8) which are calibrated to the short eccentricity cycle. These forced regressions 

483 in the late Quaternary are well known features in many places in the world, e.g. in 

484 Mediterranean (e.g. Lobo and Ridente, 2014; Rabineau et al., 2006, 2005; Ridente et al., 2009) 

485 or in Gulf of Mexico (Anderson and Fillon, 2004). In Well #3, this cyclicity is apparent in the 

486 GR record, and its exceptional preservation could be related to the position of the well closer 

487 to the main depocenter of the Amazon deep-sea fan (Figure 1). Indeed, the flexural deformation 

488 of the lithosphere associated to the deep-sea fan loading can be recognized by changes in the 

489 rate of subsidence in the adjacent areas and an increased accommodation space favourable to 

490 the aggradation and preservation of shelf-edge deltas (Cruz, 2018; Neal W. Driscoll and Karner, 

491 1994; Rodger et al., 2006; Silva et al., 1998). 

492 Our study also indicates that lithological variation along the offshore Amazon Basin is 

493 mainly influenced by short eccentricity (97-128 kyr) as depicted by the MTM analysis (Figure 

494 7). This contrasts with the widely accepted idea that obliquity is the main parameter influencing 

495 the Earth’s climate prior to the Mid-Pleistocene Transition (0.7-1.2 Ma) (Raymo et al., 1997). 

496 This difference could be explained by the location of the study area close to the equator, a 

497 latitude more sensitive to precession-eccentricity forcing (Berger and Loutre, 1994). Therefore, 

498 astronomically driven climate is the dominant mechanism influencing the sedimentation pattern 

499 in the study area, whereas the flexural subsidence likely remains the main factor preserving the 

500 higher frequency climatic variations recorded in the deltaic sequences of the Amazon margin 

501 (Cruz, 2018; Figure 8).

502 5.2. The age of the Plio-Pleistocene Amazon River siliciclastic series

503 Mega-sequence MS-I is bounded at its base by the transition from Amapá carbonate sediment 

504 to clastic sediments from the Amazon River, i.e. the base of the Plio-Pleistocene Amazon River 

505 series. We suggest an age of 3.7 Ma for this transition based on cyclostratigraphy of Well #1 

506 (Figure 7). Further south in Well #3, the basal age of the Plio-Pleistocene series shows an older 
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507 age of 4 Ma (Figure 7). This diachroneity of the basal age of the Plio-Pleistocene series is 

508 consistent with the study of Cruz et al. (2019), who showed that the age of carbonates demise 

509 decreased northward across the offshore Amazon Basin, with a longer carbonate growth 

510 towards the north, and therefore a younger age of cessation.  This result is also consistent with 

511 the observation of NE migration clinoforms by Gorini et al. (2014), which cover the Amapá 

512 carbonate platform. This concurs with our results revealing a 10 m thick layer of sandy 

513 sediments covering the last occurrence of Amapá carbonates (Figure 2). This sandy unit is 

514 covered by a Highstand System Tract (HST), consisting of muddy bottomsets of delta-scale 

515 subaqueous clinoforms downlapping the previous surface (Figure 8).

516 5.3. Correlation of seismic mega-sequences to climate and sea-level changes

517 Here, we suggest to correlate major stratigraphic changes observed in seismic geometries and 

518 dated by cyclostratigraphy, with trends in global sea level (Miller et al., 2020).

519 Within MS-I, the first identified Falling Stage System Tract (FSST) inside the seismic 

520 sequence S1 is probably associated with a climatic change between 3.5 to 3.3 Ma and a global 

521 sea level fall (Mammoth 2 event or MIS M2; (De Schepper et al., 2013). During Sequence 1 

522 (S1), the main sea level fall is fast with high amplitude (60 m in 100 kyr; Miller et al., 2020). 

523 During this time span, FSST observations reveal clear migration of the coastline towards the 

524 basin with a large (marine) erosional surface at its base. Seismic Sequence 2 (S2) corresponds 

525 to a period of relatively high sea level defined by the development of a HST that lasts from 3.3 

526 to 3.0 Ma based on the cyclostratigraphic age model. This time interval matches the timing of 

527 the Mid-Pliocene warm period, ranging from 3.264 to 3.025 Ma (Dowsett and Caballero Gill, 

528 2010; Haywood et al., 2009). This interval is recorded as a thick aggrading and prograding 

529 Highstand System Tract (HST) inside S2 (Figure 8). This warm period is followed by a cooling 

530 event and a long duration of sea level fall (from 3.0 to 2.8 Ma; Miller et al., 2020). The third 

531 FSST inside S3 corresponds to a global sea level fall standing from 2.75 Ma to 2.51 Ma with 

532 an amplitude of almost 80 m (Miller et al., 2020). Even if it represents the strongest sea level 

533 fall, it is also the longest in duration (320 kyr), thus implying a very low rate of sea level fall. 

534 This explains the well-developed FSST, with a larger volume of sediments than in the previous 

535 two FSST. 

536 The transition from MS-I to MS-II is dated at 2.4 Ma according to cyclostratigraphy, 

537 which could be related to the intensification of Northern Hemisphere Glaciation (iNHG) around 

538 3.0 to 2.5 Ma (Bartoli et al., 2005; Kleiven et al., 2002; Maslin et al., 1998; Wohlfarth et al., 
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539 2008). The thickness and volume of the FSST and TST are greater during MS-II than MS-I 

540 which might be correlated to higher sedimentation rates. The increased sedimentation rates may 

541 be due to enhanced erosion since the iNHG, due to enhanced Andean glaciation and variation 

542 in precipitation on the Amazon drainage basin during colder glacial stages (Harris and Mix, 

543 1999; Mason et al., 2019). This change is also observed in pollen data (at 2.6 Ma), transition 

544 between Zones C to D as described by Hoorn et al. (2017). During MS-II (2.4 to 0.9 Ma), 

545 Transgressive System Tracts (TST) are more developed and we correlated the first two with sea 

546 level rise events from 2.5 to 2.2 Ma (MIS 95-91, Lisiecki and Raymo, 2005) and from 1.64 to 

547 1.44 Ma (MIS 57-47, Lisiecki and Raymo, 2005). The last Transgressive System Tract observed 

548 in S7 is probably associated with MIS 31 (1.07 Ma, Lisiecki and Raymo, 2005). 

549 During MS-III (0.9 to present-day), the shape of the FSST changes drastically as well 

550 as their location along the passive margin (Figure 8). This could be explained by the variation 

551 of the dominant orbital parameter on the climate. Indeed, after the MPT, the Earth is dominated 

552 by 97-128 kyr cyclicity and sea level variation has increased dramatically (Berger and Loutre, 

553 1994; Chalk et al., 2017; Clark et al., 2006; Pisias and Moore, 1981; Willeit et al., 2019). This 

554 may have led to the expression and preservation of the shorter seismic sequences forced by the 

555 short eccentricity. The successive drops in sea level related to successive glacial stages may 

556 have led to high variation of the coastline position resulting in regressive prisms along the slope 

557 (forced regression). Indeed, the available space for sediments is considerably reduced on the 

558 outer shelf during strong sea level falls and the sediments migrate towards the slope. During 

559 the S8 seismic sequence, the FSSTs mainly prograde and the aggradation remains very low 

560 (Figure 8). However, during seismic sequence S9, aggradation dominates progradation. This 

561 correlates with the Mid-Brunhes transition, which shows over the last 405 kyr, interglacial 

562 stages with warmer temperatures (Jouzel et al., 2007), and an overall increase in the mean sea 

563 level (Barth et al., 2018; Mitsui and Boers, 2022). This causal link between FSST and the short 

564 eccentricity (97-128 kyr) after the Mid-Pleistocene Transition has also been observed in other 

565 deltas (Lafosse et al., 2018; Rabineau et al., 2006). The FSSTs are also accompanied by an 

566 increase in erosion rates. Indeed, during low sea levels, the shoreline can reach the outer shelf 

567 and most of the shelf could then be exposed to aerial erosion. During transgression, patch reef 

568 extensively grew around the outer shelf on top of the shelf edge deltas (forced regressions). 

569 During S8-S9 transition, we observed an increase in carbonate production that we relate to the 

570 MIS 11 climatic event  at 0.45 Ma (Droxler and Jorry, 2021). 
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571 5.4. Subsidence: a vital factor for preservation

572 The record of the complete Milankovitch cycle bands, short eccentricity, obliquity and 

573 precession reveals the good preservation of the sedimentary deposits on the north-western 

574 Brazilian Equatorial margin. Indeed, most stratigraphic sequences seem to be preserved with 

575 limited seismic evidence of erosion. Such good preservation is only possible through 

576 subsidence. Two types of subsidence affect the Brazilian equatorial margin (Bott, 1992): 

577 thermal subsidence due to post-rift (<100 Ma) cooling; and sediment loading by the Amazon 

578 fan since 8 Ma, which can be 10 times higher.

579 We can calculate this total subsidence rate around Well#1 with simple approximations. 

580 If we consider that the top of Amapá formation is at 0m water-depth, as well as the top of S9 at 

581 MIS2 (20 ka). We measure a thickness of sediment deposition of 1090 m. Therefore, we obtain 

582 an average total subsidence rate of: 1090m deposited in (3.7 – 0.02) = ~300 m/Myr. This value 

583 is rather high, but has been observed on other margins in the world (e.g. in the Mediterranean 

584 Sea: Rabineau et al., 2014) and is, in fact, a pre-conditioning factor for the record of Pliocene 

585 and Quaternary high resolution sequences on the shelf. The same calculation on Well#3 leads 

586 to an average subsidence rate of: 1822m/4 Ma = ~450m/Myr. Note that Well #2, which is in 

587 between, well #1 and well#3 shows an intermediate subsidence rate of ~375m/Myr. Therefore, 

588 the variations between the northern and southern geometries can be explained by differential 

589 subsidence rate. 

590 6. Conclusions

591 This study provides new results on the possible effects of climate variations on the architecture 

592 of Plio-Quaternary sedimentary deposits along the Brazilian Equatorial Margin influenced by 

593 terrigenous inputs. A 3D seismic sequence stratigraphic study reveals 3 mega-sequences and 9 

594 seismic sequences, deposited during the last 3.7-4.1 Ma based on biostratigraphic data from 

595 wells. A cyclostratigraphic analysis of gamma ray data in 3 wells yields an orbital age model 

596 in which the seismic sequences are tied to the 405 kyr eccentricity cycle. The first mega-

597 sequence (MS-I) is dated between 4.0 to 2.4 Ma and its characteristics are interpreted to record 

598 sea level variations of low amplitudes (~40 m), preceding the intensification of Northern 

599 Hemisphere Glaciation. The second mega-sequence (MS-II) is dated at 2.4-0.9 Ma and is 

600 characterized by the development of major erosional surfaces and an increase in the slope of 

601 clinoform forests. This change in the overall geometry of the shelf is potentially due to an 

602 increase in the amplitude of sea level variations coupled with an intensification of the erosion 
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603 rate within the Amazon basin. The third mega-sequence (MS-III) is dated at 0.9-0 Ma and is 

604 characterised by nine lowstand prisms, of which the oldest five are prograding, while the 

605 youngest four become aggrading. The orbital age model allows to ascribe these prisms to the 

606 short eccentricity. The abundance of lowstand packages is related to a change in the orbital 

607 forcing regime at the Mid-Pleistocene Transition. Moreover, ~405 kyr ago during MIS 12-11 

608 transition, the average temperature of the Earth increased, raising the average sea level and 

609 allowing the lowstand prisms observed in the seismic record to become aggrading. Correlation 

610 with the global sea level curve indicates that the 9 prisms within MS-III correspond to glacial-

611 interglacial cycles and correlate with MIS 6, 8, 10, 12, 14, 16, 18, 20 and 22. In summary, the 

612 sedimentary architecture of the North-western Brazilian Equatorial Margin records significant 

613 changes in its overall geometry at 2.4 Ma, 0.9 Ma and 0.4 Ma due to the intensification of 

614 Northern Hemisphere Glaciation, the Mid Pleistocene Transition and the Mid-Brunhes 

615 Transition, respectively. The good record and preservation of these climate-related sequences 

616 is due to a significant total subsidence rate in the area of ~300m/Ma on the outer shelf. We 

617 related this important subsidence rate to the loading effect of the Amazon deep-sea fan.

618
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646 7. Supplementary contents

647 7.1. Supplementary Figures

648
649 Figure S1: 3D seismic viewer revealing the correlation used to propagate the biostratigraphic age from 

650 Well #3 to the seismic block through two 2D seismic lines named C and D. The small box in the bottom 

651 left shows the position of the different lines and wells compared to the seismic block position. The top 

652 of Amapá is eroded by a major canyon avoiding an easy propagation. However, the bottom part of the 

653 canyon is fulfilled by reflectors with onlapping terminations noted canyon infill in the figure. While the 

654 upper part shows easy to propagate and correlate sandy layers which are highlighted in yellow. The 

655 position of the samples used for biostratigraphy correspond to the first set of reflectors which covers 

656 the canyon and the adjacent shelf (purple dashed line).
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657
658 Figure S2: Cyclostratigraphic analysis of GR data of the upper non-deformed interval of Well #2 (depths 

659 120 to 596 m KB, upper siliciclastic series). (A) On the left-side panel: (a) Raw GR dataset. (b) 

660 Detrended GR data using a 35% LOWESS regression. (c) Bandpass filter output of 32 m cycle band 

661 potentially associated with Earth’s short orbital eccentricity. (B) The lower panel shows 2-MTM power 

662 spectrum of the detrended GR data along with the interpreted orbital cyclicities using manual frequency 

663 ratio method. Red, green, yellow and black lines indicate 99%, 95%, 90% and median robust AR (1) 
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664 red noise confidence levels respectively. (C) The right-side panel shows eCOCO results compared to 

665 the sedimentation rates (orange curve) inferred from a tuning on La2004 Earth short eccentricity.

666 7.2. Cyclostratigraphy methods

667 The cyclostratigraphic method is based on gamma ray (GR) well-log data. GR variations in 

668 geological formations are connected to the concentrations of radioactive atomic nuclei, mostly 

669 uranium, thorium and potassium, which in general are higher in shale and clay intervals than 

670 sandy sediments, and very low in limestones. Therefore, GR logs are a good proxy for 

671 lithological variations in a siliciclastic and mixed siliciclastic-carbonate sedimentary 

672 environments. In shelf settings, sediment sorting is mostly related to variations in ocean energy, 

673 which to a first approximation decrease seaward. Thus, GR well log data can provide a reliable 

674 proxy of distance from the shore during sea-level variations (Merkel, 1979). GR well log data 

675 has already been used as an indirect paleoclimatic proxy to characterize orbitally-driven sea 

676 level variation (e.g. Ruffell and Worden, 1999; Weedon et al., 2004; Wu et al., 2013). 

677 To correlate well logs to seismic data in the time domain, downhole check-shots were 

678 used and an additional statistical wavelet was created on Paleoscan Software. A more accurate 

679 deterministic wavelet could not be generated due to the lack of geophysical well log data from 

680 the Plio-Pleistocene succession. The time-depth relationship therefore has an uncertainty 

681 estimated at 30 m, except for certain lithological transitions, e.g., from Amapá carbonates to 

682 overlying siliciclastics, which are well defined in both the well and seismic data.

683 Various age models have been developed for wells #1, #2, and #3, all employing 

684 cyclostratigraphy based on gamma-ray (GR) data. Here after, we present distinct methodologies 

685 that lead to age models with highly comparable results.

686 7.3. Age model based on intervals

687 7.3.1. Method
688 The GR data have been subdivided into different intervals based on sequence stratigraphy. This 

689 subdivision allows reducing the effects of variations in sedimentation rate on the record of 

690 sedimentary cycles. Along Well #1, we decided to use the limits of the seismic sequences as 

691 well as the important variations of GR as limits of our intervals. The sharp changes of GR 

692 directly result from a variation of lithology (and therefore acoustic impedance) and are thus 

693 well visible in seismic reflection (since great variations of acoustic impedance results in 

694 increased seismic wave reflection). In the case of Well #2, we decided to use the same GR 
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695 intervals as in Well #1. To do this, we extended the limits of these intervals via the 3D seismic 

696 block using horizons constructed by Paleoscan. Lastly, as Well #3 is located outside the block, 

697 we could not use a similar method. We decided, therefore, to use only the significant GR drops 

698 as interval boundaries. However, we relied on a visual correlation between wells to get the most 

699 similar cut-off possible across available wells.

700 The astronomical time calibration (or tuning) was done on the short (100 kyr) 

701 eccentricity cycle because it is well expressed throughout the Plio-Pleistocene series. We first 

702 established a floating timescale based on a pure 100 kyr periodicity. Then, the 100 kyr tuned 

703 GR was anchored at minima of the 405 kyr eccentricity cycles, based on the La2004 

704 astronomical model (Laskar et al., 2004) assuming that some major shifts in GR match 

705 boundaries of prominent seismic sequences. Finally, we correlated the absolute-age tuned GR 

706 to the La2004 raw eccentricity, and checked the validation of our age model by considering the 

707 available biostratigraphic data at Well #3 (Cruz et al., 2019). 

708

709 7.3.2. Results
710 Well #1 

711 The MTM spectral analysis performed per intervals on GR data (Figure S3) shows two to three 

712 distinct peaks of frequency ratios close to the short eccentricity, obliquity and precession. The 

713 strongest peak for each interval corresponds to the short eccentricity cycle (97-128 kyr). In most 

714 of the intervals, the two other peaks match the obliquity (41 kyr) and precession (19-23 kyr). 

715 The short eccentricity wavelength ranges from 17 to 45 m, pointing to a significant change in 

716 sedimentation rate through Well #1. The COCO results further support the manual frequency 

717 ratio method (Figure S4). 
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718
719 Figure S3: Cyclostratigraphic analysis of GR data of Well #1 (depths 242 to 1194 m, Plio-Pleistocene 

720 section). (A) Raw and detrended GR data along with the analysed stratigraphic intervals (labelled I1 

721 through I9 from the oldest to the youngest). The filtered wavelength of the short eccentricity is also 

722 shown along with the detrended data. (B) 2-MTM power spectra of the detrended stratigraphic 

723 intervals (mentioned by the color codes). Red, orange and blue stars on spectral peaks indicate possible 

724 short eccentricity, obliquity and precession related wavelengths. (C) The 100 kyr tuned GR data (blue: 
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725 tuned to a pure 100 kyr sine curve, orange: the 100 kyr tuned GR curve is anchored to 405 kyr 

726 eccentricity cycle minima) along with the raw La2004 eccentricity data (yellow curve) and the filtered 

727 405 kyr cycle band (light blue curve). The red-dashed curve depicts sedimentation rate inferred from 

728 the 405 kyr anchored curve. (D) 2-MTM power spectra of the tuned GR data to a pure 100 kyr sine (in 

729 blue) and those retuned to 405 kyr cycle minima (in orange), along with the robust red noise levels 

730 (median, 90%, 95% and 99% confidence levels).

731 Figure S4: COCO results for each interval of the Well #1 compared with the sedimentation rates obtain 

732 through manual frequency ratio methodology. The calculation of sedimentation rate through manual 

733 frequency ratio method is represented by the black boxes in each interval. The black stars highlight the 

734 most probable sedimentation rate obtain with the comparison with both methodologies and the number 

735 is in cm/kyr.

736 The interval 7 reveals a similar pattern within the three wells. The amplitude of the peak 

737 corresponding to short eccentricity cycle (see the vertical axis entitled “power” in the Figures 

738 4.8.1, 4.8.3 and, 4.8.5 for the interval 7; I7) decreases drastically by at least one order of 

739 magnitude making the other two cycles, related to obliquity (41 kyr) and precession (19-23 

740 kyr), comparatively stronger (Figures 4.8.1, 4.8.3 and, 4.8.5). While the next two intervals (I8 
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741 and I9) contrast with a peak corresponding to short eccentricity parameter (97-128 kyr) with a 

742 power 5 to 20 times greater than in I7 (Figures 4.8.1, 4.8.3 and, 4.8.5). Interval 4 in the wells 

743 (Figures 4.8.1, and 4.8.5), shows the same pattern with a decrease in the power of short 

744 eccentricity and an increase in precession and obliquity comparatively to adjacent intervals. 

745 The 100 kyr tuning of the whole GR data (Figure S3) yields a duration of 3.4 Ma for the 

746 Plio-Pleistocene series in Well #1. The MTM spectral analysis of the tuned GR time series 

747 (Figure S3) reveals several peaks at 660, 240, 180, 123, 101, 87, 64, 53, 46 and 38 kyr. Then, 

748 we retuned the 100 kyr GR time series to the 405 kyr eccentricity cycle assuming that their 

749 minima correspond to the sharp drops in GR which correlate to boundaries of seismic sequences 

750 and major changes in the lithology.

751 Anchoring the 100 kyr floating time scale to the 405 kyr eccentricity minima allows an 

752 absolute age model for Well #1 (Figure S3). The MTM spectral analysis of this tuned dataset 

753 detects peaks of 125, 105, 90, and 40 kyr (Figure S3). The inferred sedimentation rate curve 

754 reveals lower values of 20, 18 and 23 cm/kyr for intervals I8, I7 and I6 respectively (from 0.6 

755 to 1.5 Ma), and greater values of 31 cm/kyr and 35 cm/kyr for respectively I9 and I2 (Figure 

756 S3). In the Figure S8, we compare the sedimentation rates inferred from the 100 kyr tuned GR 

757 curve with the sedimentation rates estimated with the “eCOCO” approach. We observe an 

758 overall good correlation between the two method outputs, further supporting our 

759 cyclostratigraphic interpretation based on the manual frequency ratio method. Finally, we 

760 obtained an age for the first appearance of Amazon-related terrigenous sediments of 3.65 Ma 

761 in Well #1 (Figure S3).

762 Well #2 

763 Within the Plio-Pleistocene series of Well #2, only its upper part is tectonically undeformed 

764 (Figure 4.4). Thus, we focused on cyclostratigraphy of its upper part (Figure S5). We extended 

765 the seismic intervals created within Well #1 using 3D seismic to separate the GR data of Well 

766 #2 with the same intervals (Intervals I6 through I9; Figure S5). The MTM spectral analysis of 

767 these intervals (Figure S5) shows two to three relevant GR peaks, with elevated power (Figure 

768 S5). The frequency ratio method allows attributing each of the three peaks, from the lowest to 

769 the highest frequency, to short eccentricity, obliquity and precession (Figure S5). The COCO 

770 results further support the manual frequency ratio method (Figure S6). The 100 kyr tuning of 

771 Well #2 (Figure S5) yields a duration of 1.67 Myr for the upper part of the Plio-Pleistocene 

772 series. Finally, the 100 kyr tuned GR data were anchored to the minima of 405 kyr eccentricity 

773 cycles (Figure S5). The MTM spectral analysis of the 100 kyr tuned GR time series is almost 
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774 identical to the 405 kyr retuned GR time series. Therefore, only the MTM of the 405 kyr retuned 

775 GR is presented (Figure S5). It reveals cycles of 440, 250, 116, 100, 55 and 38 kyr. The 

776 estimated sedimentation rate from tuning shows lower values of 20 cm/kyr, within interval I7 

777 (from 0.8 to 1.2 Ma), and a higher value of 40 cm/kyr within Interval I9. Results of the 

778 “eCOCO” method reinforce the obtained sedimentation rates from the 100 kyr tuned GR data, 

779 with possibly one exception at the transition from Interval I7 to Interval I8 where the eCOCO 

780 fails in the detection of the optimal sedimentation rates (Figure S9). However, the COCO 

781 method applied per intervals (I7 and I8) highlight significant optimal sedimentation rate, 

782 especially within I8 (Figure S6).
783
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785 Figure S5: Cyclostratigraphic analysis of GR data of Well #2 (depths 120 to 596 m, upper Plio-

786 Pleistocene section). (A) Raw and detrended GR data along with the analysed stratigraphic intervals 

787 (labelled I6 through I9 from the oldest to the youngest). The filtered wavelength of the short eccentricity 

788 is also shown along with the detrended data. (B) 2-MTM power spectra of the detrended stratigraphic 

789 intervals (mentioned by the color codes). Red, orange and blue stars on spectral peaks indicate possible 

790 short eccentricity, obliquity and precession related wavelengths. (C) The 100 kyr tuned GR data (blue: 

791 tuned to a pure 100 kyr sine curve, orange: the 100 kyr tuned GR curve is anchored to 405 kyr 

792 eccentricity cycle minima) along with the raw La2004 eccentricity data (yellow curve) and the filtered 

793 405 kyr cycle band (light blue curve). The red-dashed curve depicts sedimentation rate inferred from 

794 the 405 kyr anchored curve. (D) 2-MTM power spectra of the anchored GR data to 405 kyr cycle 

795 minima (in orange), along with the robust red noise levels (median, 90%, 95% and 99% confidence 

796 levels).

797

798 Figure S6: COCO results for each interval of the Well #2 compared with the sedimentation rates obtain 

799 through manual frequency ratio methodology. The calculation of sedimentation rate through manual 

800 frequency ratio method is represented by the black boxes in each interval. The black stars highlight the 

801 most probable sedimentation rate obtain with the comparison with both methodologies and the number 

802 is in cm/kyr.

803 Well #3

804 In Well #3, the MTM of each interval reveals a good correlation between the main GR peak 

805 with the lowest frequency and the short eccentricity parameter (97-128 kyr; red stars in Figure 

806 S7). The second and third peaks, with high power compared to mean value, correlates with the 

807 obliquity (41 kyr) and precession parameters (19-23 kyr; respectively orange and blue stars in 

808 Figure S7). The COCO results further support the manual frequency ratio method (Figure S8). 

809 The highlight of the short eccentricity cycles allows tuning GR data in depth with a pure 100 

810 kyr periodicity signal to obtain a GR curve in time (blue curve, Figure S7). 

811 The new GR curve in time indicate a time span of 4.23 Ma for the Plio-Pleistocene series 

812 along the Well #3 (blue curve, Figure S7). Finally, after the anchoring on the minima of the 

813 long eccentricity cycles, we obtain an age model for the GR data of the Well #3 (orange curve, 

814 Figure S7). This model generates an age of 4.3 Ma for the arrival of the first terrigenous 

815 sediments brought by the Amazon along Well #3 (orange curve, Figure S7). The MTM of this 
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816 curve attributes main cyclicities for 830, 350, 162, 114, 96 and 44 kyr (Figure S7). We also 

817 calculated sedimentation rates by comparing curves in time and depth; it highlights low 

818 sedimentation rates of 39 cm/kyr during I7 (0.8 to 1.2 Ma), and 35, 25 and 38 cm/kyr during 

819 I5, I4 and I3 respectively (from 1.6 to 2.8 Ma). Interval I1 (from 3.2 to 4.3 Ma) also reveal low 

820 sedimentation rates of 27 cm/kyr (Figure S7). Other intervals present high sedimentation rates 

821 between present-day to 0.8 Ma (I9 and I8) with value of 52 and 55 cm/kyr respectively as well 

822 as interval I6 (1.2 to 1.6 Ma) with a sedimentation rate of 54 cm/kyr and interval I2 (2.8 to 3.2 

823 Ma) with the highest sedimentation rates recorded of 74 cm/kyr (Figure S7). Finally, the 

824 eCOCO inferred sedimentation rates track those estimated from the 100 kyr tuned GR data 

825 (Figure S9).
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827 Figure S7: Cyclostratigraphic analysis of GR data of Well #3 (depths 181 to 1954 m, Plio-Pleistocene 

828 section). (A) Raw and detrended GR data along with the analysed stratigraphic intervals (labelled I1 

829 through I9 from the oldest to the youngest). The filtered wavelength of the short eccentricity is also 

830 shown along with the detrended data. (B) 2-MTM power spectra of the detrended stratigraphic 

831 intervals (mentioned by the color codes). Red, orange and blue stars on spectral peaks indicate possible 

832 short eccentricity, obliquity and precession related wavelengths. (C) The 100 kyr tuned GR data (blue: 

833 tuned to a pure 100 kyr sine curve, orange: the 100 kyr tuned GR curve is anchored to 405 kyr 

834 eccentricity cycle minima) along with the raw La2004 eccentricity data (yellow curve) and the filtered 

835 405 kyr cycle band (light blue curve). The red-dashed curve depicts sedimentation rate inferred from 

836 the 405 kyr anchored curve. (D) 2-MTM power spectra of the anchored GR data to 405 kyr cycle 

837 minima (in orange), along with the robust red noise levels (median, 90%, 95% and 99% confidence 

838 levels).

839
840 Figure S8: COCO results for each interval of the Well #3 compared with the sedimentation rates obtain 

841 through manual frequency ratio methodology. The calculation of sedimentation rate through manual 

842 frequency ratio method is represented by the black boxes in each interval. The black stars highlight the 
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843 most probable sedimentation rate obtain with the comparison with both methodologies and the number 

844 is in cm/kyr.

845

846 Figure S9: Results of the “eCOCO” method for the three wells along with sedimentation rates inferred 

847 from the 100 kyr tuned GR data (stair-like white curves). Pearson correlation coefficient, and Null 

848 hypothesis H0 for non-orbital forcing estimated by the evolutive eCOCO approach. Sedimentation rate 

849 step is fixed at 0.2 cm/kyr. The used astronomical solution is from Laskar 2004 model (Laskar et al., 

850 2004) with a middle age of the data at 2.0 Ma for wells #1 and #3, and 1.0 Ma for Well #2. The sliding 

851 window is fixed at 100, 150 and 200 m for wells #1, #2 and #3 respectively. A step of 1 m is fixed for the 

852 three wells.  

853

854 7.4. Sequence and seismic stratigraphic methods 

855 Catuneanu et al. (2011) redefined a sequence as "a succession of strata deposited during a full 

856 cycle of changes in accommodation or sediment supply." In this study, we adopted this 

857 definition, using the terms "sequence" or "seismic sequence."

858 Below, additional information regarding system tracts and their boundaries is presented:

859 The Transgressive Surface (TS) corresponds to the transition from a coastline shifting 

860 toward the basin to a coastline migrating toward the continent. The Maximum Flooding Surface 

861 (MFS) represents the top boundary of the Transgressive System Tract (TST) and is 
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862 characterized by a shift in the migration of the coastline from the coast towards the basin, 

863 opposite to the TS.

864 The Highstand System Tract (HST) is initiated by normal regression when sea-level rise 

865 decelerates, and sediment starts to prograde due to a decrease in the A/S ratio. Although the 

866 global sea level is still rising, the coastline migrates basinwards due to the dominant role of 

867 sediment influx. The upper limit of the HST is defined by the Sequence Boundary (SB). The 

868 SB consists of a subaerial erosive surface that develops as sea level falls and the coastline starts 

869 to migrate towards the basin, although the foresets of the HST can still remain under submarine 

870 conditions.

871 The Falling Stage System Tract (FSST) wedge shows only a series of downward 

872 progradations due to the dominant role of eustatic sea-level fall.

873 The Lowstand System Tract (LST) continues to develop even after eustatic sea level 

874 starts to rise. As long as sediment supplies remain greater than accommodation, the shoreline 

875 continues to migrate basinwards. When accommodation overcomes the rate of sediment supply, 

876 the shoreline starts to move towards the coastline, which marks the Transgressive Surface.

877 To distinguish each package, four important factors were considered during seismic 

878 facies interpretation (Figure 3):

879  Morphology of the horizons (erosion, steepness, extent, position)

880  Stratal terminations (Onlap, Offlap, Toplap, and Downlap)

881  The offlap break position (topset edge), when preserved

882  Stacking patterns of successive sedimentary units

883 7.5. Identification and definition of seismic sequences

884 Nine seismic sequences were identified through seismic interpretation (S1 to S9, Figure 4).  

885 Each seismic sequence was interpreted as a full cycle of depositional system tracts by analysing 

886 their respective seismic architecture (Figure 4). In addition, when the identification of 

887 depositional systems tract could also be achieved all together by analyses of wireline log motifs 

888 and cyclostratigraphy (Figures 5 and 6), we can define with more confidence a sequential 

889 stratigraphy for the Pliocene-Pleistocene Amazon shelf. For instance, we can observe an 

890 excellent correlation between Transgressive Surface (TS), drops in GR values and lithological 

891 transitions from shale to sandstone.  It should be noted that TST are not well developed along 

892 the area and LST are absent on the shelf. During lowstands, much of the sediments of the 
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893 Amazon are probably directly funnelled to the deep-sea fan, therefore, bypassing the outer shelf 

894 and are not transported by the longshore current to our study area. This implies that the 

895 Sequence Boundary (SB), the Transgressive Surface (TS), and the Maximum Flooding Surface 

896 (MFS) are either a common horizon or a small seismic interval in some part of the seismic 

897 block.  

898 Sequence S1 displays a thickness of 140 ms TWTT in Well #1 (Figure 4). Deposition 

899 of S1 starts on top of a high amplitude reflector associated with carbonate lithology. This 

900 reflector marks the transition from the Amapá Fm to the Plio-Pleistocene siliciclastic series. On 

901 top of this reflector, the first sediments part of the sequence S1 begins to downlap the area, 

902 lithological log reveals that these siliciclastic sediments are sandstone (Figure 2). Above these 

903 sands, the lower part of S1 seismic sequence shows very low amplitude and poorly continuous 

904 reflectors with downlapping character, able to build outward and upward into the available 

905 space, with very low slope angles.  This seismic facies; SF2 (Figure 3), is associated with fine-

906 grained sediments on the logs and is interpreted as prodeltaic units of a HST. Two or three 

907 reflectors at the end of the HST present toplapping terminations with only progradational 

908 behaviour (SF3; Figure 3); it seems to be part of a distal FSST with a very small thickness (30 

909 ms TWTT at its thickest part).  Above this depositional system tract, the S1 sequence presents 

910 moderate to high amplitude reflectors with a rapid increase of steepness and a better continuity 

911 of the reflectors. Its base is erosive (red line inside the S1 on Figure 4).  This unit is interpreted 

912 as a SF3 (Figure 3) and thus corresponds to a FSST with a rapid shift of the sedimentation 

913 towards the basin. However, this FSST begins at a proximal position compared to the two or 

914 three reflectors below showing similar seismic facies.  It is possible to separate, therefore, this 

915 Sequence S1 in two different seismic sequences, yet we interpret the small interval as a sub-

916 sequence related to a smaller scale cyclicity.

917 Sequence S2 displays a thickness of 120 ms TWTT in Well #1 (Figure 4). S2 consists 

918 mainly of a thick aggradational sedimentary interval, which downlap the top of the S1 FSST. 

919 Low to medium amplitude reflectors are observed in Sequence S2, and are interpreted as a SF2 

920 (Figure 3), which corresponds to a HST composed of shales (Figure 2). On top of this HST, 

921 clinoforms associated with SF3 (Figure 3) with only progradational behaviour reveal the 

922 presence of a FSST (Figure 4). Compared to the FSST of sequence S1, this FSST begins at a 

923 distal position and the offlap break position (blue circle in Figure 4) is closer to the slope. 

924 Sequence S3 displays a thickness of 100 ms TWTT in Well #1 (Figure 4). Contrary to 

925 the previous sequence, a high amplitude reflector covers the previous S2 FSST. This reflector 

926 is associated with SF1 (Figure 3) and represents a small transgressive interval. Prograding and 
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927 aggrading reflectors associated with HST (SF2; Figure 3), overlay the transgressive interval. 

928 Clinoforms with only progradational behaviour begins to cover the HST (SF3; Figure 3). 

929 Compared to the same transition inside sequence S2, the transition from HST to FSST occurs 

930 at a proximal point, the offlap break position shows the same proximal migration (Figure 4). 

931 Foresets of the FSST present elongated shapes that extend towards the shelf and reach the slope 

932 (Figure 4). 

933 Sequence S4 displays a thickness of 100 ms TWTT in Well #1 (Figure 4). At first sight, 

934 S4 is mostly composed of stacked sub-parallels reflectors (SF1; Figure 3) reaching a thickness 

935 of 75 ms TWTT in Well #1 (Figure 4).  On top of this TST, an interval presents progradational 

936 clinoforms (SF4; Figure 3) and is associated with a small FSST (30 ms TWTT thick at its 

937 thickest part along the Inline 1, FSST inside S1, S2 and S3 reach thickness of 50 to 100 ms 

938 TWTT). However, at a finer scale, S4 is composed at its base by three stacked reflectors of high 

939 amplitude, which covers the FSST inside sequence S3. This set of sub-parallels reflectors 

940 correspond to a thick transgressive interval (SF1; Figure 3). Above, on the proximal part of the 

941 inline 1 (Figure 4), packages of aggrading and oblique reflectors compose a small HST (SF2; 

942 Figure 3). However, the HST is highly eroded (see orange line corresponding to a Transgressive 

943 Surface, inside S4 in the Figure 4), the erosive boundary cut through almost the entirety of the 

944 HST leaving a gap of 70 ms TWTT of sediments on the most distal part of the outer shelf. The 

945 Transgressive Surface (TS), which corresponds to the erosional unconformity, reveals two 

946 different reflector amplitude domains. Indeed, the proximal part displays a flat reflector of high 

947 amplitude, while the distal part exhibits a highly eroded unconformity with low amplitude 

948 reflection. The gap created by this erosion is filled by reflectors of low to medium amplitude 

949 with onlap termination toward the coast with sub-parallel and continuous nature (SF1; Figure 

950 3).  S4 could be separated, therefore, in two different seismic sequences but we decided due to 

951 its size to interpret the small HST package in the proximal part of the seismic block as a sub-

952 sequence associated with a smaller scale cyclicity.

953 Sequence S5 displays thickness of 170 ms TWTT in Well #1 (Figure 4). S5 starts with 

954 three reflectors corresponding to a SF1 (Figure 3) and are characteristics of a TST. The 

955 following reflectors show low amplitude associated with intense progradation and low 

956 aggradation (SF2; Figure 3). The angle of foresets is particularly high (compared to the same 

957 feature in the older sequences) while the bottomsets extension is limited (Figure 4). It is difficult 

958 to identify the point at which aggradation ceases, and the system tract gradually evolve from a 

959 HST to a FSST.  Finally, FSST progrades through high angle clinoforms along the outer shelf 

960 (SF3’; Figure 3). The thickness of the FSST is more constant along the outer shelf in this 
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961 sequence compared to the FSST inside S1, S2 and S3.  Closer to the slope, a scar from a 

962 submarine landslide affects the foresets of FSST clinoforms but is also buried under the foresets 

963 of newly generated clinoforms part of the same FSST inside S5. On the slope, chaotic reflectors 

964 (SF5, see Figure 3) are visible and correspond to displaced sediments remaining at the foot of 

965 the landslide scar. These chaotic reflectors are covered by clinoforms of very low amplitude 

966 with mostly prograding nature. However, the aggrading nature of some reflectors could indicate 

967 that these clinoforms are part of a LST (SF4; Figure 3), which is younger than the Submarine 

968 Landslide 1 (SL1, Figure 4).

969 Sequence S6 displays thickness of 90 ms TWTT in Well #1 (Figure 4). Transition 

970 between Sequence S5 and S6 reveals a highly erosive unconformity that is topped on the slope 

971 by sub-parallels reflectors of medium to high amplitude, which correspond to a TST (SF1; 

972 Figure 3) (Figure 4). This TST is the thickest transgressive package observed in the seismic 

973 block during the deposition of the Plio-Pleistocene series. It reaches a thickness of more than 

974 100 ms TWTT along the Inline A at its thickest area. The TST is also at a very distal part of the 

975 seismic block, which implies a prior important relative sea-level fall. Along the Inline B (Figure 

976 4), multiple landslides and deformation affect the slope domain, and therefore the TST 

977 reflectors.  Above this system tract, reflectors of medium amplitude downlap the previous 

978 reflectors and prograde towards the basin with an important aggradational behaviour (SF2; 

979 Figure 3). Finally, aggradation cease and only prograding reflectors are visible near the slope 

980 (Figure 4). Along the inline B (Figure 4), the erosive unconformity delimiting the S6 and S7 

981 has eroded the most distal part of the regressive cortege, so, the S6 FSST is not visible.  

982 Sequence S7 displays a thickness of 120 ms TWTT in Well #1 (Figure 4). The first 

983 reflectors associated with S7 are based on an erosive unconformity (Orange line at the interface 

984 of S6 and S7 in Figure 4). A set of reflectors of high amplitude, associated with SF1, covers 

985 this unconformity, and are, therefore, part of a TST. Above the TST, clinoforms prograde 

986 towards the basin, most of the clinoforms are only prograding and are related to SF3 (Figure 3) 

987 and are part of a FSST. Only bottomsets of the previous HST appear inside the seismic block 

988 possibly due to its position closer to the continent. Close to the slope, a Submarine Landslide 

989 scar cut the end of the FSST. This second Submarine Landslide (SL2) shows the same pattern 

990 as the one observed in SL1. Stacked reflectors of low amplitude also cover it, which could be 

991 associated with a LST. However, the lack of data towards the basin prevents a clear 

992 identification. 

993 Sequence S8 displays a thickness of 70 ms TWTT in Well #1 (Figure 4). Along the 

994 slope, the thickness of S8 increases drastically. Along the Inline A (Figure 4), only clinoforms 
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995 with extended bottomsets cover the slope. The Inline B (Figure 4), reveals more precise 

996 patterns, five intervals with clear progradation topped by a high amplitude reflector are 

997 identified as SF4 (Figure 3) and correspond to FSST/LST (FR 1 to FR 5 in the Figure 4) 

998 developed on the slope. These regressive systems are at a smaller scale compared to the FSST 

999 observed during the previous seismic sequence; indeed, FSST/LST only extend along the slope 

1000 on stretch of one or two kilometres in width, whereas the previous FSST can extend along the 

1001 entire width of the all the outer shelf for five to ten kilometres. On the outer shelf, data quality 

1002 declines and most of the reflectors have poor continuity. However, some area along Inline A 

1003 reveal a clear stacking of high amplitude reflectors along a stretch as wide as one kilometre. It 

1004 is associated with SF7 (Figure 3) and are related to carbonate build-up.

1005 Sequence S9 displays a thickness of 180 ms TWTT in Well #1 (Figure 4). On the outer 

1006 shelf along the Inline A (Figure 4), reflectors of high amplitude highlight topographic features 

1007 which are associated with SF7 (Figure 3) and are characteristic of carbonated build-ups during 

1008 TST. Poor data quality prevents more detailed interpretation of this area. However, along slope 

1009 in the Inline B, four intervals: FR 6 to FR 9 (Figure 4) which show aggradation and 

1010 progradation, are topped by high amplitude reflector and correspond to SF4 (Figure 3). These 

1011 intervals correspond to FSST and LST of smaller scale compared to the ones observed in the 

1012 Sequences S1 to S7. Finally, the sea floor reveals topographic highs along the outer shelf which 

1013 could be associated with SF7 (Figure 3).

1014

1015
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