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proto-Andean marginal basins, the Central Atlantic rifts/rifted margin basins and the Saharan 46 

cratonic basin. After ca. 125 Ma, a cratonic regime of mixed erosion/deposition established 47 

and maintained until the onset of the Andean orogeny at ca. 85 Ma. During this period, 48 

sediment routes from eroding cratonic domains to the proto-Andean margin basins were 49 

episodically closed by inherited Paleozoic structures (i.e., “arches”), whilst sediment fluxes to 50 

cratonic or rifted margin basins were partitioned by Atlantic rift shoulders / marginal upwarps 51 

of evolving amplitude that formed transient continental divides. After ca. 85 Ma, an Andes-52 

dominated regime installed, in which Andean retro-foreland basins became the main sinks for 53 

orogenic sediment fluxes, while exchanges with cratonic basins were controlled by the 54 

topographic expression of foreland basins forebulges. Under that regime, cratonic domains 55 

mainly acted as by-pass zones for clastic sediments, and their extensive Paleogene and Lower 56 

Neogene lateritic covers argue for limited clastic exports from areas exposed to erosion. Very-57 

long wavelength (x 1000 km) asthenospheric support, long-wavelength (x 100 km) 58 

lithospheric-scale deformation / vertical movements and climate-controlled erosion processes 59 

interacted to regulate cratonic sediment source-to-sink regimes of northern South America 60 

since 250 Ma.  61 

 62 

Keywords 63 

Source-to-sink; Paleogeography; Andes; Atlantic rifted margin; Intracratonic basin 64 

 65 

1. Introduction 66 

The northern part of the South American continent is surrounded by contrasted 67 

geodynamic boundary conditions that have evolved through geological time. Its western 68 

(Andean) active margin must have recorded subduction since at least the Neoproterozoic 69 

(e.g., Schwartz et al., 2008; Capaldi et al., 2021), as implied by global paleo-kinematic 70 
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reconstructions (Torsvick and Cocks, 2013; Fig. 1). This active margin evolved as a paired 71 

arc / back-arc system until the onset of the Andean cordilleran orogeny in the latest 72 

Cretaceous (e.g., Martinod et al., 2020 for a recent review; Fig. 1). To the north, the Atlantic 73 

rifted margin of the continent first formed in the Late Jurassic as a consequence of the rifting 74 

of the Central Atlantic Ocean (e.g., Labails et al., 2010) (Fig. 1). The remaining Atlantic 75 

margins of the continent formed during northward propagation of the South Atlantic Ocean 76 

rift in the Early Cretaceous, leading eventually to the formation of its northeastern rifted 77 

margin by oblique (transtensional) opening of the Equatorial Atlantic Ocean between 5°S and 78 

5°N (e.g., Heine et al., 2013; Moulin et al., 2010; Fig. 1). Since the early Cenozoic, the 79 

northern (Jurassic) rifted margin of the continent has been undergoing dextral transcurrent 80 

tectonics accompanying eastward retreat of the Caribbean subduction zone (e.g., Pindell, 81 

1985; Pindell and Kennan, 2009).  82 

These evolving tectonic boundary conditions have resulted in continental deformation 83 

and/or vertical movements even far inside the wide cratonic domain of northern South 84 

America (e.g., Bicudo et al., 2020; Eakin et al., 2014; Flament et al., 2015; Sacek, 2014). 85 

Such movements must have exerted a first-order composite forcing on the sediment routing 86 

system that is to say, how sediments were produced, transported, stored on the continent and 87 

ultimately delivered to the ocean at its margins. Of particular interest is, for instance, the way 88 

sediment fluxes were partitioned between the Pacific or Atlantic sides of the continent, the 89 

proportion of cratonic or orogenic sources in those fluxes and whether, where and when 90 

sediments were recycled / stored on the cratonic domain. 91 

Source-to-sink and provenance studies of northern South America have mainly 92 

addressed the far-field effects of Andean mountain building processes on the cratonic domain 93 

(e.g., Cooper et al., 1995; Horton, 2018; Roddaz et al., 2006, 2010). Such studies focused on 94 

the Andean retro-foreland basins at the western fringe of the cratonic domain, with an 95 
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emphasis on the connection between the retro-foreland basins and the Atlantic rifted margins 96 

by the establishment of the modern course of the Amazon River across the continent in the 97 

Late Miocene (10-6 Ma; Hoorn et al., 2010, 2017; Mapes et al., 2007). Before that recent 98 

drainage rearrangement, uncertainties remain on the evolving configuration of the continent-99 

wide sediment routing systems. Of particular interest are the wide cratonic surfaces exposing 100 

basement terrains, which were transiently/repeatedly buried under platform sedimentary rocks 101 

beyond today’s limits of cratonic sedimentary basins (e.g., Ye et al; 2017). How these 102 

surfaces fed proto-Andean active margin basins, cratonic sedimentary basins and rifted 103 

continental margins through time is also crucial for our understanding of the length- and time-104 

scales of continent-wide sediment routing systems. 105 

Our study aims at characterizing the responses of the sediment routing systems to the 106 

evolving geodynamic forcing at the scale of northern South America with an emphasis on the 107 

distribution of source, transit and sink areas, mainly before establishment of the modern 108 

Amazon River drainage across the continent. To do this, we produced continent-wide paleo-109 

geological maps for 10 key time periods since the Triassic. Those maps compile the available 110 

geological literature and integrate (i) palinspastic/kinematic reconstructions of oceanic and 111 

continental landmasses, (ii) major active structural features and magmatic occurrences, (iii) 112 

areas of sediment deposition with information on their depositional environments, as well as 113 

(iv) constraints on exhumation/burial derived from available thermochronological data. They 114 

provide an integrative evolutive framework for the sediment routing systems of cratonic 115 

northern South America under the combined influence of active margin / Andean tectonics, 116 

Atlantic rifting events and their aftermaths and mantle-driven epeirogeny. 117 

 118 

2. Geological outline 119 
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 6 

The cratonic core of Northern South America is constituted by the Paleo- to Mid-120 

Proterozoic Amazonian shield, comprising the Guiana shield to the north and the Guaporé 121 

shield to the south. The two shields are separated by the EW trending Amazonas-Solimões 122 

cratonic basin complex. The Amazonian shield is bounded to the west and to the northwest by 123 

the Andean orogenic system and to the north and east by the Atlantic rifted margins (Fig. 1a). 124 

The Panafrican (i.e., late Neoproterozoic) Braziliano orogen suturing the Amazonian Shield 125 

and the Sao Fransisco craton is partially covered by the Parnaíba cratonic basin (Fig. 1b). The 126 

Amazonas-Solimões cratonic basin complex initiated as a late Proterozoic-Paleozoic rift that 127 

was later inverted to form the Purus arch now separating the Amazonas basin from the 128 

Solimões basin (Mosmann et al., 1986; Nuns and Aires, 1984; Fig. 2a). Continuous thermal 129 

sag since the Paleozoic allowed those basins to be filled with up to 5 km of sedimentary rocks 130 

(Fig. 2a). Regional-scale late Paleozoic to Jurassic wrench tectonics (i.e., the “Jurua 131 

orogeny”) induced transpression of the Amazonas-Solimões basin complex, which would 132 

have set its modern E-W elongate shape (Szatmari, 1983; Mosmann et al., 1986; Fig. 1). 133 

The proto-Andean active margin underwent a protracted history of subduction and arc 134 

magmatism since at least the early Paleozoic (e.g., Schwartz et al., 2008; Capaldi et al., 2021). 135 

The western termination of the late Paleozoic Variscan collisional orogen, now preserved in 136 

the eastern and southern United States (Appalachian - Ouachita orogen) and Mexico, abutted 137 

the proto-Andean active margin at a right angle. During the Paleozoic, the proto-Andean 138 

active margin underwent alternating phases of fore- and back-arc basins opening, closure and 139 

accretion that are partly recorded in modern Andean retro-foreland basins (Mathalone and 140 

Montoya, 1995). The hinterland of the active margin underwent Paleozoic transgression-141 

regression cycles that deposited fluvio-deltaic to deep marine sequences now preserved in 142 

intracratonic basins (Mosmann et al., 1986). The Meso-Cenozoic sedimentary rocks thickness 143 

in intracratonic basins is negligible compared to that in Proto-Andean marginal basins and 144 
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 7 

Andean retro-foreland basins (Figs. 1 and 2) but have a continental extent. Most Mesozoic 145 

sedimentary rocks (mostly Cretaceous) are preserved in rifted basins (rifted margins and 146 

intracontinental rifts) and Andean retro-foreland basins, whereas Cenozoic sedimentary rocks 147 

are mainly preserved in Andean retro-foreland basins (Fig. 2). 148 

The CAMP (Central Atlantic Magmatic Province) magmatic episode, that occurred 149 

during a short period of about 5 Myr at the Triassic-Jurassic boundary, left an important 150 

imprint in northern South America. Extensive tholeiitic magmatism spread over more than 151 

12 106 km2 and lava flows of the Amazonas-Solimões and Parnaíba basins alone represent 152 

about 2.4 105 km3 (Wanderley-Filho et al., 2005). CAMP magmatism is assumed to originate 153 

from either a single mantle plume (May, 1971; Morgan, 1983), or a superplume that triggered 154 

Pangea dispersal (e.g., Romanowicz and Gung, 2002; Condie, 2004). The latter hypothesis is 155 

still contentious (e.g., Peace et al., 2020). But the location of many hotspots, Large Igneous 156 

Provinces (LIP) and kimberlites over Pangea at 200 Ma however fits the surface projection of 157 

a mantle Large Low Shear Velocity Province (LLSVP; Ruiz-Martinez et al., 2012) rooted in 158 

the core-mantle boundary and stable since at least 300 Ma (Burke et al., 2008). That LLSVP 159 

represents a mature mantle thermal / compositional instability that could have indeed 160 

produced the CAMP and triggered Pangea breakup (Burke et al., 2008). 161 

 162 

3. Methods 163 

We compiled the paleo-geological maps from published studies. We included (1) 164 

sedimentation areas and their depositional environments, (2) sediment transport routes based 165 

on paleocurrent measurements and provenance studies from detrital geochronology and heavy 166 

minerals associations, (3) magmatic occurrences, (4) active faults, (5) local thermal histories 167 

from low-temperature thermochronology (heating or cooling) and (6) areas that underwent 168 

Cenozoic extensive lateritic weathering and preserve bauxites / laterites in their landscape 169 
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(Fig. 3a; Table 1). The geodynamic context, including plate boundary configurations and 170 

kinematics, was compiled mostly from published models (e.g., Matthews et al., 2016; Moulin 171 

et al., 2010; Pindell and Kennan, 2009). We used the palinspatic configuration at the end of 172 

the considered time period of each map, in a fixed South America reference frame. Mentioned 173 

geographic coordinates refer to that reference frame.  174 

We compiled a Late Permian map to illustrate the pre-Pangea break-up configuration 175 

(Fig. 5), seven Mesozoic maps corresponding to the main phases of the Atlantic margins 176 

stratigraphy in order to facilitate continent-ocean source-to-sink interpretation (Figs. 6 to 11), 177 

as well as two Cenozoic maps (a Paleogene stage corresponding to a continent-wide 178 

sedimentary hiatus and the Middle Miocene configuration i.e., just before the establishment of 179 

the modern Amazon drainage; Figs. 12 and 13). Time intervals between paleo-geologic maps 180 

are generally of the order of 10 Ma. 181 

Following Ye et al. (2017), we mapped sedimentation (sink) areas on the basis of the 182 

area of today’s preserved deposits and, beyond, the minimal areal extent of the considered 183 

beds at the time of deposition (respectively dark and light colored on Figs. 4 to 13). This 184 

minimal areal extent of deposition is estimated from the mean regional slopes of cratonic and 185 

rifted margin basins and the mean denudation rates given by thermochronology (ca. 10 m/My; 186 

following the method of Ye et al., 2017). 187 

The paleo-geological maps were mostly compiled from published data and 188 

interpretations (e.g., geological contours, logs and cross-sections, structural data, provenance 189 

studies) taken from published geological maps, charts and published paleogeographic maps 190 

that we harmonized and updated with local / regional studies. These documents, that allowed 191 

to map more than 90% of the map area, are listed in Table 1 where the specific time slice(s), 192 

region(s) and topic(s) they have been used for are indicated. In addition, reconstructions of the 193 

Atlantic margin of South America were mostly derived from Loparev et al. (2021) (see Fig. 194 
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S1, supplementary material, for the position of the cross sections) as well as the paleo-195 

geological maps of Ye et al. (2017) for northwestern Africa and its Atlantic margins, 196 

complemented by 17 studies (Table 1). We locally further validated our mapping at onshore 197 

wells where available (Fig. S1, supplementary material). 198 

In the following comments of the maps, authors are cited for specific information and 199 

interpretations that may not be explicitly reported on the maps. Figure 3b shows the main 200 

localities and geological elements referred to in the text, some specific elements being also 201 

indicated on the paleomaps of Figures 4 to 13. 202 

 203 

4. Paleo-geological maps 204 

4.1. Permian (270-250 Ma): continental record of erosion of the Appalachian orogen 205 

(Fig. 4; Table 1) 206 

 In the Middle and Late Permian, Pangea recorded the latest stages of its assembly 207 

along the collision of Western Gondwana (Africa, South America) with Laurentia (North 208 

America in the present case). The late Paleozoic (i.e., Variscan) Mauritanides were being 209 

eroded and feeding North American molasse basins. Eastward subduction beneath the western 210 

American proto-Andean margin is attested to by magmatic remnants currently scattered in 211 

Mexico and the northern Andes. The aridification of the continental interior and the general 212 

marine regression allowed for the deposition of evaporites and red beds in most of the basins. 213 

The two main depocenters were the Amazonas-Parnaíba basin and the Saharan basin in West 214 

Africa, while southeastern Brazil intracontinental rifts (Borborema province) recorded 215 

coastal/deltaic sedimentation. Those deposits were probably connected to the deltaic/shallow 216 

marine Lower Permian sequences of Congo (Linol et al., 2015a, 2015b, 2016) and/or the 217 

Paraná basin, south of the study area (Milani et al., 2007; Simões et al., 2016). Coastal basins 218 

of the western active margin south of the modern equator recorded shallow marine to 219 
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 10 

lacustrine sedimentation and volcanism, marking the initiation of back-arc extension. Outside 220 

the proto-Andean marginal domain, a regional unconformity sealing the Permian sedimentary 221 

sequences is generally interpreted as the signature of latest Appalachian/Variscan regional 222 

uplift movements (Craddock et al., 2017; Hamlin, 2009).  223 

In terms of sediment routing systems, our mapping suggests that the main sources of 224 

detrital sediments for the intracontinental basins were the late Paleozoic orogens 225 

(Mauritanides-Appalachians-Ouachita) and more generally the Gondwana crust. Sediments 226 

were either transiently stored in cratonic basins and/or exported to the southern margin of the 227 

Paleo-Tethys Ocean (to the NE of the mapped area), the Congo/Paraná basins (to the SE of 228 

the mapped area) or the proto-Andean margin basins. 229 

 230 

4.2. Triassic-Jurassic (235-190 Ma): CAMP, Central Atlantic rifting and very long 231 

wavelength cratonic uplift and denudation (Fig. 5; Table 1) 232 

Central Atlantic rifting initiated at the Triassic-Jurassic boundary (de Matos, 1999), 233 

contemporaneously with CAMP magmatism (e.g., Marzoli, 1999). Andesitic to tholeiitic 234 

(mostly) magmas emplaced as lava flows, sills and dikes over a very large area that comprises 235 

most of northern South America. Numerous sills, up to 1 km-thick, intruded the Amazonas-236 

Solimões basin complex. Dikes, striking mostly SE, intruded the northeastern Amazonian 237 

craton and the West African craton. Lava flows and kimberlites are also reported in various 238 

cratonic basins between 0 and 15°S.  239 

Central Atlantic rifting initiated between North and South America with the opening 240 

of the Texas basin and individualization of the Yucatan block. The Western active margin of 241 

America was undergoing active subduction, magmatism and back-arc extension. The 242 

Amazonian craton was therefore fringed to the east, north and northeast by extensional basin 243 

systems. Arc magmatism lasted until the end of the Jurassic in the northern Andes (Colombia) 244 
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while the Lower-Middle Triassic volcano-sedimentary sequences of the proto-Andean margin 245 

were drowned under a carbonate platform in the Late Triassic-Early Jurassic. Fluvio-246 

lacustrine to transitional environments in the Acre basin marked the transition between the 247 

proto-Andean margin domain and the continental cratonic domain under the CAMP influence. 248 

To summarize, the Triassic-Jurassic period was dominated by widespread CAMP 249 

magmatism as well as nonmarine deposits in dominantly arid environments around the 250 

Amazonian shield. The unconformity sealing the Triassic sequences over the South American 251 

and African cratonic areas (e.g., Guiraud et al., 2005) marks a general sedimentary hiatus. 252 

Paleozoic cratonic basins, and, to a lesser extent, Triassic deposits, must have therefore 253 

shifted from sinks to sources at this time, feeding the Central Atlantic rifts and the proto-254 

Andean back-arc basins. 255 

 256 

4.3. Valanginian (140-133 Ma): Maintained cratonic denudation and upwarping (Fig. 6; 257 

Table 1)  258 

We did not compile any map for most of the Jurassic (190-145Ma) because it was a 259 

period of sedimentary hiatus in cratonic environments. A regional unconformity seals Jurassic 260 

series in cratonic and most marginal basins (Milani et al., 2007). In the Early Valanginian 261 

(140 Ma), sedimentation in the proto-Andean margin still recorded back-arc extension. 262 

Several volcanic arcs were active and a forearc basin formed. Stratigraphic studies have 263 

shown that at least one major west-facing normal fault system was active during the Mesozoic 264 

at the eastern boundary of the back-arc domain (i.e., the Chonta fault; Scherrenberg et al., 265 

2012). Positive inversion of such faults during Andean orogeny contributed to the growth of 266 

major structural highs (i.e., “arches”) such as the Marañon “anticline” (e.g., Scherrenberg et 267 

al., 2014).  268 
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The rift-drift transition in the Central Atlantic and Gulf of Mexico formed the northern 269 

rifted margin of South America in the Early/Middle Jurassic (Ismael, 2014; Matthews et al., 270 

2016; Seton et al., 2012). Little information is available for that margin because of its 271 

inversion in the Cenozoic. Rifting was active at the western tip of the future equatorial 272 

Atlantic Ocean, in the Demerara plateau and Guinea Plateau areas, as well as farther south in 273 

the Tacutu graben. Nonmarine deposits in the Marajo basin suggest a diffuse thermal 274 

extension in the area (“sag”; Zalán and Matsuda, 2007). South Atlantic rifting, propagating 275 

northward, reached the southeasternmost part of the mapped area. Nonmarine deposits 276 

accumulated in the associated grabens as well as over a wide surrounding area (in Africa and 277 

South America) locally drained southward.  278 

To the northeast, the Saharan cratonic basin grew laterally under nonmarine 279 

depositional environments. The remaining cratonic domains in Africa and South America 280 

underwent erosion, consistently with cooling thermochronology data compatible with 281 

exhumation in these domains and kimberlite magmatism suggesting uplift. The African 282 

surface configuration suggests the occurrence of an upwarp between the future Atlantic 283 

margin and the Saharan basin. A conjugate erosional upwarp exhuming the Guiana shield and 284 

the Guaporé Shield is also expected. These upwarps appear to be linked to incipient rift 285 

propagation at the southeastern tip of the Central Atlantic. They are part of a wider 286 

source/bypass dome exposing the Northern South American cratonic domain and the West 287 

African craton in between an African interior sink and the proto-Andean margin. This 288 

suggests a very long-wavelength deformation control on topography and sediment routing 289 

systems driven by mantle support, with essentially the same distribution of source and sink 290 

domains since the CAMP period.  291 

 292 
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4.4. Aptian (120-115 Ma): Equatorial Atlantic rifting and initiation of a cratonic basin 293 

(Fig. 7; Table 1) 294 

During the Aptian (120-115 Ma), the Equatorial Atlantic rifting further developed as 295 

an oblique en-échelon rift system while the Marajo and Takutu grabens underwent further 296 

extension. All the rift basins received nonmarine deposits, except in the previously rifted 297 

Guinea and Demerara plateau basins that were already under marine conditions. 298 

Transpressive inversion structures (E-W folds and oblique-reverse faults) developed along the 299 

strike-slip corridor between the Demerara and Guinea plateaus as a consequence of a 300 

southward shift in the rotation pole of Africa. This inversion also formed NE-trending 301 

structural arches bounding the Marajo and Parnaíba basins. 302 

The northern rifted margin underwent low-amplitude transgressions bringing clastic 303 

deposits with minor carbonates fringed by shoreface/deltaic systems A flip in subduction 304 

polarity led to the subduction of the Atlantic plate beneath the Pacific plate i.e., the Caribbean 305 

subduction, initiating eastward retreat. A transform fault linked the Caribbean subduction to 306 

the Andean subduction. At the northernmost tip of the South Atlantic rift system, the 307 

continental basins of the Borborema province underwent thermal sag and fluvio-lacustrine 308 

sedimentation with a few marine incursions during the Late Aptian-Early Albian. This basin 309 

was connected to the African interior via the Benue corridor, which was supplied by SW-310 

flowing African rivers. The S- to SE-directed paleocurrents in the western Borborema basin 311 

and the exhumation recorded by thermochronology immediately west of the basin suggest the 312 

occurrence of a marginal upwarp bounding the basin to the west. While cratonic basins in 313 

Africa remained under nonmarine sedimentation, the Parnaíba basin, isolated by two new 314 

structural arches, received non-marine and shallow marine sediments from the Middle Aptian 315 

to the Late Albian. Accommodation of fluvio-deltaic and aeolian sedimentation in the San 316 

Franciscana basin may be interpreted as a rift infill (e.g., Reis et al., 2017). SW-directed 317 
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paleocurrents in the basin could indicate the occurrence of an upwarp between the San 318 

Franciscana basin and the South Atlantic rift domain of the Borborema province. Provenance 319 

studies indicate that the basement of the Atlantic rift shoulders became a source for the 320 

Atlantic rifts of the Borborema province, with an additional contribution of Jurassic and 321 

Paleozoic sources (Figueiredo et al., 2016). This suggests that a pre-Cretaceous sedimentary 322 

cover was still outcropping in the cratonic domain during the Aptian.  323 

Sedimentation resumed in the Amazonas - Solimões basin complex with the fluvio-324 

lacustrine Alter do Chao Formation. Biostratigraphy indicates that this formation is Aptian to 325 

Maastrichtian in age, although continuity of the sequence over the period and across the basin 326 

remains debatable (Daemon, 1975; Daemon and Contreiras, 1971; Dino et al., 1999). We 327 

therefore used the same contours of preserved deposits of the Alter do Chao Formation for the 328 

Aptian to Maastrichtian maps (Figs. 7 to 11). Paleocurrents and provenance studies document 329 

a westward flowing drainage in this formation, likely feeding the proto-Andean margin 330 

basin(s). This drainage was separated from the short coastal drains flowing toward the Central 331 

Atlantic rift system by the Purus Arch that formed the continental divide at the time. The 332 

Alter do Chao formation yielded a unique Paleoproterozoic (2.3-2.0 Ga) detrital zircon 333 

population (Dantas et al., 2014; Mapes, 2009) that contrasts with the common Silurian-Early 334 

Devonian signature in the Amazonas - Solimões basin complex. This could suggest a unique 335 

source in the Guiana Shield that mostly comprises Transamazonian (2.3-2.0 Ga) basement.  336 

The western boundary of the Amazonas-Solimões basin was formed by the NW-trending 337 

Iquitos arch, an inherited basement structure (Moreno-López and Escalona, 2015; Pryer et al., 338 

2009; Sánchez et al., 1999) that repeatedly isolated the complex from the Acre basin during 339 

Cretaceous times. The Iquitos Arch was generally flooded during transgressions and emerged 340 

during regressions. It was not necessarily repeatedly uplifted, as stratigraphic architectures 341 
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suggest that mostly eustasy controlled connections between the Solimões basin and the proto-342 

Andean basins (Da Cruz Cunha et al., 2007; Martínez et al., 1999).  343 

Along the proto-Andean margin, only a few back-arc basins were still active and most 344 

entered a thermal sag stage (Mathalone and Montoya, 1995; Sarmiento-Rojas et al., 2006). A 345 

normal fault-bounded, large-scale topographic high grew in the Peruvian Andes that will be 346 

inverted later, during the Andean orogeny, to become the Marañon anticline. That structure 347 

divided the margin into two sub-basins i.e., the West and East Peruvian Troughs. A marine 348 

transgression initiated in the West Peruvian Trough, leading to coastal sedimentation passing 349 

to nonmarine sedimentation eastward. The Peruvian basins have Precambrian-Paleozoic 350 

crystalline basement sources coming mainly from the Amazonian shield, with minor 351 

contributions of Paleozoic to Early Cretaceous sedimentary rocks (Horton, 2018; George et 352 

al., 2019). They were probably fed by scattered local highs inherited from Jurassic-Early 353 

Cretaceous back-arc rifting and arc magmatism. Along the northern portion of the active 354 

margin (between 2°N and 2°S), shoreface and fluvial deposits have cratonic basement and 355 

Paleozoic sedimentary sources with a minor input from local igneous rocks (Gutiérrez et al., 356 

2019; Vallejo et al., 2017; White et al., 1995). The Amazonian craton and Paleozoic 357 

sedimentary rocks outcropping today east of the basin are the most likely candidates for those 358 

Aptian sources. Along the northwestern margin of the continent, shallow marine sequences 359 

were sourced from cratonic basement and Jurassic volcano-sedimentary rocks eroded from 360 

local highs (Horton et al., 2015). The Jurassic signature vanishes in the eastern part of the 361 

basin where Precambrian and Paleozoic igneous and sedimentary sources dominate until the 362 

early Cenozoic (Horton et al., 2010). The Aptian sedimentary sequences overlay series 363 

derived from local sources. A regional drainage reorganization is therefore suspected to 364 

explain the onset of dominant cratonic fluxes to the western margin of South America. 365 
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In terms of sediment routing systems, Aptian paleogeography was characterized by the 366 

renewal of sedimentation over cratonic South America, which was compartmentalized by 367 

marginal upwarps and intracontinental structural highs. Toward the future Equatorial Atlantic 368 

fringe of the continent, this pattern seems to have been influenced by the segmentation of the 369 

Equatorial Atlantic rift system into oblique and transform portions (e.g., Loparev et al., 2021). 370 

Cratonic areas were also fed with clastic sediments. The proto-Andean marginal basins in 371 

their thermal sag phase. At the same time, south of the equator, proto-Andean basins were 372 

being filled with nonmarine sequences.  373 

 374 

4.5. Albian (107-100 Ma): Post-rift of the Equatorial Atlantic and marine transgression 375 

(Fig. 8; Table 1) 376 

The first order Albian paleogeography remained similar to that of the preceding period 377 

until the end of the Mesozoic in terms of source-sink/by-pass areas and tectonic boundary 378 

conditions (Fig. 7). In the Albian, the separation from Africa is achieved by seafloor accretion 379 

in the Equatorial Atlantic, except in the Guinea-Liberia basin resting upon hyperextended 380 

continental crust (Ye et al., 2017). The Takutu graben, which has reached its sag phase, 381 

underwent nonmarine sedimentation. The equatorial Atlantic margins of South America have 382 

reached their drift stage. A vast lagoon developed in the Parnaíba basin, collecting sediments 383 

from the surrounding areas, including the Borborema province and the Barremian-Lower 384 

Albian deposits of the southern San Franciscana basin (see Fig; 7). Thermochronology 385 

indicates that the southeasternmost part of the map underwent exhumation, and probably 386 

uplift, and may also have been a potential source for the Paranaíba basin.  387 

North of the equator, local intraplate tholeitic to alkaline magmatism activity took 388 

place in back-arc rifts, possibly as a result of a late extensional reactivation (Vásquez and 389 

Altenberger, 2005) or negative inversion (Barragán et al., 2005). In the transform zone linking 390 
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the Carribean and Andean subductions, a dextral pull apart basin developed that received 391 

thick volcaniclastic series. Moderate folding of these rocks shortly after their deposition is 392 

interpreted as due to an increase in the convergence rate across the future Andes (Mochica 393 

phase; Jaillard, 1994; Pfiffner and Gonzales, 2013; Soler and Bonhomme, 1990). Farther 394 

south along the active margin of South America, a transgression led to the deposition of a 395 

wide (>400 km) strip of shallow marine deposits fringed landward by deltaic/coastal and 396 

nonmarine environments. Cratonic sources prevail in proto-Andean margin basin sedimentary 397 

rocks (Saylor et al., 2011; Vallejo et al., 2007) while the Iquitos arch - prolonged to the south 398 

by the Marañon anticline - acted as a boundary between the cratonic and active margin basins. 399 

Therefore, the wide Amazonas-Solimões cratonic basin complex might have been temporarily 400 

endorheic during the period because it was also isolated at least intermittently from the 401 

Atlantic margin domain by an upwarp. The warm Early Cretaceous climate, especially from 402 

Albian to Cenomanian (Tardy and Roquin 1998), likely favored laterization of source/bypass 403 

areas and alluvial plains. 404 

In terms of sediment routing systems, the Albian configuration of South America was 405 

similar to that of the Aptian, with cratonic regions being the source of clastic sediments for 406 

both intracontinental basins and marginal sinks. The equatorial Atlantic margin had reached 407 

the drift phase and the rift-related onshore arches were no longer active, allowing a single 408 

wide depocenter (i.e., the Parnaíba basin) to collect sediments from surrounding areas. On the 409 

proto-Andean margin, global sea-level rise allowed for wide shallow marine systems to 410 

develop, contemporaneously with arc magmatism, while northeastward slab roll-back 411 

proceeded at the northwestern edge of the continent. 412 

 413 

4.6. Cenomanian 97-93 Ma: Maximum marine flooding and continental-scale floodplain 414 

(Fig. 9; Table 1) 415 
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The Cenomanian global sea-level maximum pushed the coastline farther inland 416 

compared to the Albian. The marine incursion into the Marajo graben allowed for a wide 417 

embayment to form in the Parnaíba basin. In the Amazonas basin, the sandstones of the Alter 418 

do Chao formation recorded shoreface/foreshore/deltaic environments with bi-directional 419 

currents. Although not precisely dated, those beds most likely represent the Cenomanian 420 

eustatic peak. Along the active western margin of the continent, shallow marine sedimentation 421 

extended farther inland and deep marine environments were recorded north of the Guiana 422 

shield and farther west (Maracaibo region; La Luna Fm.). The Solimões basin was then 423 

connected to both the proto-Andean and Atlantic margins and drainages may have flowed 424 

both ways (Da Cruz Cunha, 2007). Drainage divides south and north of the Solimões basin 425 

may not be precisely mapped. However, given the paleocurrent directions and documented 426 

paleo-drainage patterns, the Amazonas embayment could logically only be fed by proximal 427 

cratonic sources (i.e., eastern parts of the Guiana and Guaporé Shields). Cratonic sources still 428 

fed the proto-Andean marginal basins at least north of the Solimões basin (Horton, 2018; 429 

Saylor et al., 2011).  430 

In terms of sediment routing systems, the Cenomanian paleogeography was thus 431 

dominated by transgressions allowing marine sedimentation far inland whilst erosion of 432 

cratonic domains fed all the basins. 433 

 434 

4.7. Santonian (86-84 Ma): Intracratonic sedimentation and onset of Andean orogeny 435 

(Fig. 10; Table 1) 436 

With the Santonian lowering of the global sea-level, nonmarine sedimentation 437 

resumed with fluvial, lacustrine and eolian deposits in most of cratonic basins (Amazonas-438 

Solimões, Parecis, San Fransiscana). The deposition of a widespread cover over most of the 439 

Guaporé craton is not precluded. The Parnaíba embayment became exposed and underwent 440 
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erosion/by-pass. Paleocurrents suggest at least three main drainage systems on the cratonic 441 

domain: (i) a narrow (<200 km) Atlantic coastal drainage that reached far inland (>1500 km) 442 

in the southeastern part of the study area, (ii) a vast drainage towards the Amazonas - 443 

Solimões alluvial plain and potentially (iii) a southward drainage in the Parecis lowland. 444 

Cratonic basins were connected to the proto-Andean region as shown by the continuity of 445 

deposits across the Iquitos arch. Nevertheless, the arch localized the deltaic/nonmarine 446 

transition and was therefore still active. 447 

 Proto-Andean marginal basins recorded shallow marine sedimentation. The increase in 448 

convergence rate or in subduction coupling produced several emergent compressive structures 449 

along the active margin (Jaillard, 1994, Jaillard et al., 2009). The southern part of the active 450 

margin recorded voluminous arc magmatism coeval with the main phase of Galapagos hot-451 

spot magmatism. Subduction of the Farallon plate beneath the Caribbean plate initiated, 452 

forming the Central America arc. The terranes dragged northeastward by Caribbean 453 

subduction roll-back along the transform domain were sequentially accreted onto the northern 454 

Andean margin (e.g., George et al., 2021, Jaillard, 2022, and references therein). 455 

In terms of sediment routing systems, the Santonian saw most cratonic domains 456 

undergoing sedimentation. Only two erosional areas sourced sediments. The Guiana shield 457 

exported sediments towards the Atlantic margins, the Pacific margin and the Amazonas-458 

Solimões basin complex, whereas southeastern Brazil (i.e., East of 55°W), still undergoing 459 

uplift, mainly fed the Atlantic margin and the San Franciscana basin. 460 

 461 

4.8. Maastrichtian (72-66 Ma): Growth of the Andean retro-foreland basins (Fig. 11; 462 

Table 1) 463 

The Maastrichtian cratonic paleogeography remained similar to that of the Santonian 464 

except for the cessation of sedimentation in the easternmost Parecis basin. Deltaic systems 465 
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developed along the entire Atlantic rifted margin from the Marajo graben to the northwestern 466 

tip of the continent. 467 

The slab roll-back dragged the Caribbean plate northward so that its northern edge has 468 

reached northwestern South America while magmatism remained active all around the plate. 469 

Along the western active margin, island arc and back-arc basins closed while magmatic arc 470 

accretion initiated between Quito and Piura. East-vergent thrust tectonics led to more 471 

conspicuous exhumation of Andean basins SE of the transform domain (Bayona et al., 2008; 472 

Cooper et al., 1995; Villamil, 1999). Sea retreat was enhanced by tectonically-driven 473 

topographic growth. Clastic sediments derived from the young Andean topography filled 474 

early retro-foreland basins. North of the equator, paleoenvironments of the proto-Andean 475 

domain were shallow marine with mixed cratonic/Andean sources while, farther south, they 476 

evolved to transitional /nonmarine with mainly Andean sources (Louterbach et al., 2018; 477 

Saylor et al., 2011; Vallejo et al., 2017, 2019). The continuity of deposits across the Acre 478 

basin suggests a connection between the retro-foreland and cratonic basins. However, the lack 479 

of Cretaceous deposits at some locations near the Iquitos arch and the unconformity at the top 480 

of the sequence suggest only partial/intermittent connections (Feijó and Souza, 1994; 481 

Martínez et al., 1999). The Iquitos arch may have acted as the forebulge for the young retro-482 

foreland basin as it has during Cenozoic times (Roddaz et al., 2006). Thermochronology data 483 

are consistent with exhumation in southeastern Brazil and Eastern Guaporé Shield, as well as 484 

in the eastern Guiana Shield.  485 

In terms of sediment routing systems, the Maastrichtian shows major sea retreat, 486 

growth of the Andes by thrusting and the onset of retro-foreland basin sedimentation, which 487 

was mainly sourced by early Andean internal tectonic relief, and shifting from marine to 488 

nonmarine environments. Intracratonic sources and sinks remained similar to those of the 489 

Santonian, with continuing uplift and exhumation of southeastern Brazil.  490 
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 491 

4.9. Lutetian-Bartonian (48-38 Ma): Weathering cratonic regime and ongoing Andean 492 

sediment supply (Fig. 12; Table 1) 493 

In the Mid-Eocene, Caribbean slab rollback had built orogenic topography in the 494 

northernmost segment of the Andes, along a transpressive deformation belt (e.g., Mann et al., 495 

2006). The Caribbean plate roll-back started dragging the Central America trench (subduction 496 

of Farallon plate beneath Caribbean plate) and related arcs northeastward. A continental 497 

magmatic arc developed in the Andes between the equator and 8°N. In that portion of the 498 

Andes, most terranes have reached their modern positions, building cordilleras and 499 

intermontane domains. In most retro-foreland and cratonic basins, a major unconformity seals 500 

the Cretaceous deposits. In the retro-foreland basins, that unconformity was classically 501 

interpreted as the signature of a Late Paleocene-Early Eocene “Incaic phase” of Andean 502 

building (e.g., Jaillard, 1994). More recently, the unconformity was interpreted as reflecting a 503 

period of orogenic quiescence instead (e.g., Horton, 2018, 2022). 504 

The upper Andean piedmont received mostly nonmarine clastic sediments. 505 

Nevertheless, sporadic marine incursions occurred, either via a corridor crossing the Andes 506 

(around 3°S; Louterbach et al., 2014) or via the long NNE-trending Orenoco river estuary, 507 

whose mouth was located near Maracaibo at the time. Tectonic topographic building along 508 

most of the orogen led to the mobilization of Andean Mesozoic volcano-sedimentary and 509 

basement sources for sedimentation in the retro-foreland basins (Caballero et al., 2013; Silva 510 

et al., 2013; Horton, 2018).  511 

Outside the Andean foreland basin, all the continental surfaces underwent very slow 512 

erosion or bypass, without criteria to assess the main drainage configuration. Cratonic 513 

domains therefore show no preservation, although a residual Solimões alluvial or lacustrine 514 

basin may have maintained. The Cenozoic greenhouse warm and wet climate favored 515 
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continental chemical weathering over mechanical erosion, resulting in subdued clastic fluxes 516 

to the sediment routing system. The considered period (Lutetian-Bartonian; 48-38 Ma) is that 517 

of an extensive bauxitic lateritic weathering in northern South America, Africa and India 518 

(Prasad, 1983; Tardy and Roquin, 1998).  519 

In terms of sediment routing systems, during the Middle Eocene, all cratonic domains 520 

underwent very slow erosion or by-pass and extensive lateritic weathering due to peak 521 

greenhouse climate. Active erosion in the Andes reworked sedimentary sources of various 522 

ages to feed the retro-foreland basins.  523 

 524 

4.10. Langhian-Serravalian (16-12 Ma): Growth of the Andean retro-foreland basin at 525 

the expense of the cratonic domain (Fig. 13; Table 1) 526 

By the Middle Miocene, nonmarine sedimentation had resumed in the Solimões and 527 

eastern Parecis basins. The mid-Miocene thermal optimum favored continued / renewed 528 

production of laterites and the preservation of the Paleogene lateritic covers. In the Amazonas 529 

and Parnaíba basins, several lateritic horizons in Miocene series intersperse with fluvial 530 

deposits (Abinader, 2008; Rossetti, 2001; Rosseti and Netto, 2006). This is consistent with a 531 

low denudation regime over most of the exposed land and limited clastic sediment exports 532 

from the cratonic domain. In the Amazonas basin, southeastward paleocurrents suggest a 533 

drainage divide between the Amazonas and Solimões basins localized on the Purus arch. 534 

Renewed uplift during the Neogene finalized the modern architecture of the Andes and 535 

its retro-foreland, alongside the eastward propagation of the deformation front (Bayonna et 536 

al., 2008; Eude et al., 2015; Pfiffner and Gonzales, 2013). The Andes were the major source 537 

of sediments for all retro-foreland basins, which received recycled Paleogene Andean strata in 538 

addition to Mesozoic sources (Caballero et al., 2013; Moreno et al., 2020; Roddaz et al., 539 

2006). The orographic barrier of the northern Andes prevented the retro-foreland basins 540 
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drainage to flow directly northward. The main drainage axis (Orinoco River) progressively 541 

shifted eastward from the Eocene onward (Escalona and Mann, 2011), accompanying 542 

Caribbean trench retreat. Arc collision and transpression went on along the northeastern 543 

active margin as Caribbean slab roll-back proceeded. A southward marine transgression in the 544 

northern retro-foreland basin reached about 3°N and triggered episodic marine deposition. A 545 

mega-wetland recording lacustrine/deltaic/marine environments developed over a large area 546 

connecting the retro-foreland and the cratonic basins despite the Iquitos forebulge (i.e., the 547 

“Pebas sea”). 548 

The Galapagos ridge, formed at ca 20 Ma, separated the Cocos and Nazca plates and 549 

subducted beneath the Panama arc. Various blocks accreted to form Central America, which 550 

almost reached its present-day location while island arc volcanism initiated at the eastern edge 551 

of the Caribbean plate. Active continental arc volcanism along most of the Andes reflected 552 

subduction and Andean growth. 553 

In terms of sediment routing systems, the Middle Miocene showed continued lateritic 554 

weathering of the cratonic domain undergoing very slow erosion and by-pass. A large 555 

Northern Andean retro-foreland sink received repeated marine incursions from the Orinoco 556 

River valley (the Pebas mega-wetland). Andean mountain building, following the last plate 557 

reorganization in the Pacific domain, increased sediment supply to the retro-foreland basins 558 

for which it was the main contributor. 559 

Afterwards, during the Late Miocene, the establishment of the modern course of the 560 

Amazon River across the continent connected the Andean retro-foreland and the Atlantic 561 

margin basins (at ca. 10-6 Ma; Hoorn et al., 2010). Indeed, the peak in topographic growth in 562 

the Andes increased sedimentary supply in the retro-foreland basins that eventually became 563 

overfilled (Sacek, 2014). In response, retro-foreland drainage system grew eastward into the 564 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 24 

Amazonas basin, flooding the Purus Arch and eventually connected to a coastal river valley to 565 

form the modern Amazon River. 566 

 567 

5. Discussion 568 

The cratonic sediment routing systems evolved between, and under the influence of, 569 

the Atlantic rift / rifted margins and the proto-Andean active margin / Andean orogen (Figs. 1 570 

and 14). Within that framework, the main controls on sediment pathways were exerted by (i) 571 

the Amazonas-Solimões axis, as a bypass or storage trough, (ii) the Atlantic marginal 572 

upwarps, (iii) the structurally controlled arches between intracratonic and proto-Andean 573 

margin basins and (iv) forebulges of the Andean retro-foreland basins (Figs. 1, 2 and 14). 574 

These elements of the sediment routing system were also temporarily erosional (source) areas 575 

for the adjoining sedimentary basins.  576 

 577 

5.1. The Amazonas - Solimões basin complex: a persistent sediment transit route across 578 

the continent 579 

The long-lasting Amazonas-Solimões basin complex remained the main connection 580 

between the cratonic domain and the Proto-Andean/ Andean domain on the one hand, and the 581 

Atlantic rifted margin domain, on the other hand. During Paleozoic times, while shallow 582 

marine sedimentation covered large areas of Gondwana, the basin complex formed an 583 

elongate sag basin. It remained an E-W trough afterwards, acting as an intermittent drainage 584 

axis regulating sediment fluxes across Pangea until the Early Cretaceous. After the onset of 585 

equatorial Atlantic rifting and onward, the trough became a corridor between the Andean and 586 

Atlantic margin basins, acting alternatively/repeatedly as a pathway, a storage area or locally 587 

an erosional source for clastic sediments (Fig. 14). As such, it was the central regulating 588 
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element of the continental-scale sediment routing system that collected sediments from 589 

cratonic and Andean sources. 590 

The width of the Amazonas-Solimões basin complex must have evolved through time, 591 

with sedimentary rocks deposited beyond its current northern and southern margins. Those 592 

sedimentary rocks were eroded away and their erosional products may have transited through 593 

cratonic domains northward via the Takutu graben to the Atlantic margin (e.g., in the Albian-594 

Aptian; 120-100 Ma; Figs. 7, 8 and 14) and/or southward to the Parecis basin (e.g., in the 595 

Santonian and Maastrichtian: 86-66 Ma; Figs. 10, 11, and 14). These sediment fluxes and 596 

their age cannot however be assessed precisely because of the lack of Mesozoic or Cenozoic 597 

sedimentary remnants on the Guiana and Guaporé Shields. 598 

The maintenance of the Amazonas-Solimões trough over the Meso-Cenozoic can be 599 

explained by its structural inheritance as an initial rift structure and/or its Jurassic inversion 600 

(i.e., Jurua orogeny). But if the trough actually passively guided the Late Miocene installation 601 

of the modern Amazon River course that connected Andean retro-foreland and the Atlantic 602 

margin basins, an additional mantle-scale process appears to be required to trigger that 603 

drainage reorganization (Shephard et al., 2010). Indeed, the very-large extent/wavelength of 604 

the Pebas mega-wetland (Fig. 13) and its persistence during the Middle Miocene despite the 605 

Iquitos forebulge was probably due to dynamic (i.e., asthenosphere-driven) subsidence rather 606 

than to lithospheric processes (i.e., tectonic faulting, lithosphere flexure; Shephard et al., 607 

2010). At that time, the main N-S axial drainage of the Andean retro-foreland was separated 608 

from the cratonic basins by the Purus arch. Sacek (2014) and Shephard et al. (2010) proposed 609 

that the peak in Andes exhumation increased the sediment supply to the retro-foreland, 610 

pushed the axial drainage eastward, buried the Purus arch and resulted in the migration of the 611 

continental divide. Andean sedimentary wedges then prograded eastward and hampered the 612 

northward-flowing river drainage toward the Guiana and Guaporé Shields. Ultimately, an 613 
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overspilling piedmont drain connected to an Atlantic coastal river via the Amazonas-Solimões 614 

trough, resulting in the modern Amazon River drainage. Numerical simulations of Bicudo et 615 

al. (2020) coupling an increased piedmont sedimentation, correlative lithosphere flexure and 616 

dynamic topography responding to westward subducting slab dynamics under the retro-617 

foreland, suggest that a low amplitude dynamic topography fits better the final volume of 618 

Cenozoic sedimentary rocks in the Solimões basin. 619 

 620 

5.2. The Triassic to Aptian sedimentary hiatus: evidence for a long-lasting superswell 621 

This sedimentary hiatus suggests a long-lasting (100 Myr), very-long wavelength 622 

(>3000 km) control on the sedimentary systems that we interpret as a mantle-supported, 623 

eroding topographic superswell (Fig. 14). Mantle dynamics numerical models indeed predict 624 

such a domal surface uplift with an amplitude of a few hundred meters to 2 km in response to 625 

a hot asthenospheric mantle rise (e.g., Flament et al., 2015; Gurnis et al., 2000). The 626 

superswell and correlative erosion must have been sustained by the heat accumulated in the 627 

mantle under Pangea by continental insulation following the supercontinent assembly in the 628 

latest Paleozoic (e.g., Coltice et al., 2007; Ganne et al., 2016). 629 

Given the great size of the area affected by the sedimentary hiatus and its duration, 630 

significant sedimentary fluxes are to be expected towards basins surrounding the superswell 631 

(i.e., the Saharan basin, the proto-Andean active margin basins and the northern (Atlantic) 632 

margin basins, the Congo basin; Figs. 4 to 6). But a source-to-sink balance would be elusive 633 

for several reasons such as (i) the erosion of proto-Andean series during Andean orogeny, (2) 634 

the consumption of proto-Andean series and Central Atlantic margin sedimentary rocks by 635 

Pacific and Caribbean subductions, (iii) the fact that Central Atlantic margin syn-rift 636 

sedimentary sequences may actually be mostly volcanic (e.g., Sapin et al., 2016) and (iv) the 637 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 27 

tapping of the Saharan basin sedimentary rocks that were exported northward into the Tethys 638 

(Ye et al., 2017).  639 

 640 

5.3. Albian and Late Cretaceous marginal upwarps and forebulges: Evolving 641 

checkpoints between intracratonic and margin basins  642 

A series of marginal upwarps (or upwarp segments) grew in South America as a 643 

consequence of Cretaceous rifting. These upwarps acted mostly as continental divides 644 

between the rifted margin basins and the intracratonic basins (Fig. 7). If the Guiana Shield 645 

upwarp segment remained a divide until the end of the Cretaceous (Figs. 7 to 11), segments 646 

located farther to the SE evolved through time. For instance, the upwarp formed on the 647 

Gurupa arch separating the Marajo rift from the Amazonas basin, vanished after the Albian 648 

(100 Ma; Figs. 2a, 8 and 9). A drainage divide, potentially related to a shoulder flanking the 649 

Parnaíba basin to the south during the Aptian (120-115 Ma; Fig. 7), was flooded in the Albo-650 

Cenomanian (107-93 Ma; Figs. 8 and 9). Pre-Mesozoic structures, acting as arches to the east 651 

and the west of the Parnaíba basin, also imprinted the margin drainage pattern in the Aptian 652 

(120-115 Ma; Fig. 7). The marginal upwarp documented in the Borborema province during 653 

the Cenomanian (97-93 Ma; Fig. 9) was then eroded away in the Santonian (86-84 Ma; Fig. 654 

10).  655 

To summarize, Albian and Late Cretaceous sediment pathways between cratonic 656 

North America and its Atlantic margin basins were compartmentalized by a network of 657 

marginal upwarps and rift shoulders whose topography evolved through time (Fig. 14). In 658 

terms of source-to-sink, this resulted in an evolving drainage pattern and modifications of 659 

source areas both for Atlantic margin basins and intracratonic basins. 660 

During the Late Cretaceous, the transit of sediments between the cratonic domain and 661 

proto-Andean marginal basins has been modulated by the reactivation of N-S to NE-SW 662 
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trending, inherited Paleozoic structures (Albian to Maastrichtian: 107-66 Ma; Figs. 8-11). 663 

Between 5°N and the equator, such structures prevented marine transgressions from the Gulf 664 

of Mexico/Caribbean domain and sediment transfer to the cratonic domain. Farther south, the 665 

Iquitos arch emerged intermittently. During the Early Cretaceous and the Early Late 666 

Cretaceous, the arch was a passive barrier that became the forebulge of the retro-foreland 667 

basin since the Maastrichtian (72-66 Ma; Figs. 11 to 13). North of 5°N, no structural high or 668 

bulge limited sediment transfers and marine transgressions until the formation of the proto-669 

retro-foreland basin (Maastrichtian; 72-66 Ma; Fig. 11). Since then, the forebulge migrated in 670 

response to lithospheric flexure (Bayonna et al., 2008). Between 1.5°N to 2°S, no forebulge 671 

formed and the retro-foreland kept a rather cylindrical structure that favored intermittent 672 

sediment exchanges between intracratonic and retro-foreland basins (Christophoul et al., 673 

2002). 674 

To summarize, sediment transfers between the cratonic and the proto-Andean margin 675 

basins were segmented longitudinally (i.e., in a N-S direction) by structural 676 

inheritance/tectonic reactivations. Inherited structures focused early forebulges of retro-677 

foreland basins initiated by Andean orogenesis around the Maastrichtian. They were later 678 

abandoned as forebulges started migrating according to flexural subsidence / tectonic histories 679 

of retro-foreland basins. 680 

 681 

5.4. Influence of mantle, lithospheric and surface processes on sediment routing systems 682 

Following a Permian-Triassic period of far-field molasse sedimentation related mostly 683 

to the erosion of the Variscan-Appalachian orogen, the very-long wavelength (x 1000 km) 684 

asthenospheric upwelling formed an eroding superswell at the scale of northern South 685 

America and northwestern Africa. Post-Valanginian rifting of the Equatorial Atlantic imposed 686 

shorter wavelength (x 100 km) topographic controls on the sediment routing systems through 687 
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a segmented marginal upwarp system responding to the thinning of the continental 688 

lithosphere. Those topographic controls were maintained or renewed later into the Cenozoic. 689 

Comparable topographic wavelengths (x 100 km) were imposed to the sediment routing 690 

systems since the latest Cretaceous in the Andean retro-foreland domain and its junction with 691 

the cratonic domain. Those were controlled by the flexure of the cratonic lithosphere under 692 

the load of the growing Andes and modulated by sediment supplies to the retro-foreland 693 

basins. Late Miocene establishment of the modern Amazon River drainage could be a 694 

consequence of those combined processes, triggered by an increased in Andean sediment 695 

fluxes. But negative dynamic topography related to westward subducting slab dynamics under 696 

the distal retro-foreland would still have been required to achieve the modern drainage 697 

configuration (Shephard et al., 2010; Bicudo et al., 2020). 698 

To summarize, the successive first-order configurations of the sediment routing 699 

system of northern South America were primarily set in response to very long-wavelength 700 

asthenospheric forcing and long-wavelength lithospheric-scale vertical movements that are 701 

typical of cold cratonic lithospheres.  702 

In the Andean orogenic domain, tectonic deformation and crustal thickening were the 703 

primary drivers for erosion. By contrast, wide stable cratonic domains of low topographic 704 

gradients must have been more sensitive to climate-controlled erosion / deposition processes. 705 

Cratonic northern South America remained in the inter-tropical zone for the entire Meso-706 

Cenozoic and was therefore subjected to chemical weathering that produced lateritic covers 707 

and duricrusts (Tardy et al., 1991), enhancing clastic sediments sequestration in soils and 708 

chemical erosional exports. Low solid exports from cratonic source areas must therefore be 709 

considered in source-to-sink budgets, particularly during greenhouse climate periods of the 710 

Early Jurassic (Holz, 2015; Figs. 5 and 6), the Late Cretaceous (i.e., the Phanerozoic peak 711 

greenhouse and global sea level; e.g., Peulvast, 2008), and the Paleogene (e.g., Prasad, 1983), 712 
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as well as the Mid-Miocene thermal optimum, whose bauxites and laterites are still preserved 713 

(Figs. 12 and 13; e.g., Vasconcelos and Carmo, 2018).  714 

 715 

Conclusions 716 

The mapping of the sediment sources and sinks and constraints on sediment routes 717 

allowed evaluating how the northern South American source-to-sink systems evolved under 718 

the influence of the Atlantic rifting and the active Andean margin over the last 250 My (Fig. 719 

14). The Amazonas-Solimões trough remained a main route / transit area for sediments 720 

between the cratonic domains and the proto-Andean active margin, while other sediment 721 

pathways adapted mostly to marginal upwarps formed along the rifted Atlantic margins or the 722 

forebulges of Andean retro-foreland basins. Structurally controlled arches inherited from the 723 

Paleozoic also regulated connections between the intracratonic domain and the proto-Andean 724 

/ Andean basins. A major Triassic-Early Cretaceous sedimentary hiatus indicates long-lasting 725 

asthenospheric support to an eroding superswell at the scale of northern South America and 726 

northwestern Africa. This protracted erosional regime routed sediments to the proto-Andean 727 

marginal basins, the Central Atlantic rift/rifted margins and the Saharan cratonic basin. Along 728 

the Atlantic margins of northern South America, connections of the rift and rifted margin 729 

basins with the cratonic routing system were controlled by transient rift shoulders and 730 

marginal upwarps. From the Aptian onward, the connections of the proto-Andean margin 731 

basins and later Andean retro-foreland basins with the cratonic domain were, at least partially, 732 

regulated by inherited Paleozoic structures, which were replaced by flexural forebulges of 733 

retro-foreland basins since the Maastrichtian. Enhanced lateritic weathering during 734 

greenhouse periods favored clastic sediment storage in forested soils of the cratonic domain. 735 

Accordingly, the preservation of extensive Cenozoic lateritic covers over cratonic northern 736 

South America attests to negligible solid erosional exports compared to those of the Andes 737 
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over that period. Very-long wavelength (x 1000 km) asthenospheric support, long-wavelength 738 

(x 100 km) lithospheric-scale vertical movements and climate-driven erosion processes 739 

exerted first-order controls on the northern South America cratonic sediment source-to-sink 740 

systems over geological time-scales. However, their relative contributions remain to be 741 

quantified. 742 
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 1483 

Tables captions 1484 

 1485 

Table 1. References to the published works used for the geological reconstructions (Figs. 4 to 1486 

13). 1487 

 1488 

 1489 

Figures captions 1490 

 1491 

Figure 1. Geological context. (a) Simplified geological map of Northern South America. (b) 1492 

Isopachs map of Phanerozoic sedimentary rocks (adapted from Exxon Production Research 1493 

Company, 1994 and Cordani et al., 2016). 1494 

 1495 

Figure 2. Regional cross-sections across northern South America (shown as thick blue lines 1496 

labeled a to c on Fig. 1a). (a) Section from the Andes to the Foz do Amazonas basin along 1497 

Solimões-Amazonas basin complex. (b) Section from the Andes to the Guiana-Suriname 1498 

basin across the Guiana shield. (c) Section from the East Venezuela basin to the Potiguar 1499 

basin across the Amazonas basin. Compiled after Crawford et al. (1985), Goes et al. (1990), 1500 

Assine (1994), Talwani (2002), Watts et al. (2009), Hoorn et al. (2010), Wanderley-Filho et 1501 

al. (2010) and Loparev et al. (2021). 1502 

 1503 

Figure 3. (a) Explanation for the paleo-geological maps of Figures 4 to 13. Non-colored areas 1504 

- including those obliquely striped in black - are domains of erosion or sedimentary bypass. 1505 
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 62 

(b) Synthetic map showing selected localities and geological elements discussed in the text. 1506 

Localities of the map are also shown on each paleomap of Figures 4 to 13 as open circles.  1507 

 1508 

Figure 4. Geological reconstruction for the Late Permian (Guadalupian-Lopingian 270-250 1509 

Ma). 1510 

 1511 

Figure 5. Geological reconstruction for the Triassic-Jurassic boundary (235-190 Ma). 1512 

 1513 

Figure 6. Geological reconstruction for the Valanginian (140-133 Ma). 1514 

 1515 

Figure 7. Geological reconstruction for the Aptian (120-115 Ma). 1516 

 1517 

Figure 8. Geological reconstruction for the Albian (107-100 Ma). 1518 

 1519 

Figure 9. Geological reconstruction for the Cenomanian (97-93 Ma). 1520 

 1521 

Figure 10. Geological reconstruction for the Santonian (86-84 Ma). 1522 

 1523 

Figure 11. Geological reconstruction for the Maastrichtian (72-66 Ma). 1524 

 1525 

Figure 12. Geological reconstruction for the Middle Eocene (Lutetian-Bartonian 48-38 Ma). 1526 

 1527 

Figure 13. Geological reconstruction for the Middle Miocene (Langhian-Serravallian 16-12 1528 

Ma). 1529 

 1530 
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 63 

Figure 14. The 3 successive regimes of the Northern South America source-to-sink systems. 1531 

(a) Superswell regime (Jurassic-Barremian; 270-120 Ma; see Figs. 5 and 6) sustained by very 1532 

long wavelength (x 1000 km) asthenospheric support under northwestern Gondwana. (b) Pre-1533 

Andean source-to-sink regime (Aptian-Santonian, 120-84 Ma; see Figs. 7-10). During that 1534 

period, the transcontinental Amazonas-Solimões trough would has been intermittently closed 1535 

by a continental divide in the vicinity of the Purus arch, such as during the Cenomanian (see 1536 

Figs. 9 and 3b). (c) Andes-dominated source-to-sink regime (Maastrichtian to the present, 84-1537 

0 Ma; see Figs 11-13). That period saw (i) the formation and eastward growth of Andean 1538 

retro-foreland basins, (ii) the eastward migration of the axial drainage of the Andean retro-1539 

foreland basin flowing to the northern coast of South America and (iii) the establishment of 1540 

the modern transcontinental Amazon east-flowing drainage in the Amazonas-Solimões trough 1541 

by the end of the Miocene. See text for further explanation. 1542 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Amazonas basin
Solimões

basin

Acre
basin

Parecis basin San Franciscana
basin

Parnaiba
basin

Takutu

Borborema
province

0

Ph
an

er
oz

oic
 se

dim
en

ta
ry

 th
ick

ne
ss 

(k
m

)

10

6

4

2

1

Craton boundary

−80˚ −70˚ −60˚ −50˚ −40˚ −30˚

−10˚

0˚

10˚

b

a

b

c

Selected transform fault

Subduction frontCrystalline basement

Thinned continental crust

Accretionary prism

Andes

Paleozoic

Meso-Cenozoic

Paleozoic

Mesozoic

Cenozoic Cenozoic

Cretaceous

Jurassic

Meso-Cenozoic fault

OCEAN FLOORMAGMATIC ROCKSSEDIMENTARY COVER CONTINENTAL CRUSTAL PROVINCES

Thrust faults

Normal faults

STRUCTURES

GUIANA
SHIELD

GUAPORÉ
               SHIELD

Bajolet et al., Figure 1

a

AFRICAN PLATE

SOUTH AMERICAN PLATE

CARIBBEAN PLATE

COCOS
PLATE

NAZCA
PLATE

COCOS
PLATE

NAZCA
PLATE

-80° -70° -60° -50° -40°

10°

0°

-10°

500 km

500 km

Figure 1 Click here to access/download;Figure;Fig1.MapGeol.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147655&guid=f16a6de0-1866-424d-b53f-9f4c56a58a80&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147655&guid=f16a6de0-1866-424d-b53f-9f4c56a58a80&scheme=1


East
Venezuela basin

Amazonas basin Parnaiba basin Araripe Rift Potiguar
basin

NE SW W ENW SE

0 1000 km500

NE SW SW NEW E

Llanos basin Guyana-Suriname basinTakutu Rift

Takutu Rift

0

5

10

15

AcreMaranon Solimões basin

D
ep

th
 (k

m
)

0

5

10

D
ep

th
 (k

m
)

0

5

10

D
ep

th
 (k

m
)

Amazonas basin

GUIANA SHIELD
RETRO

FORELAND RIFTED MARGIN

Marajo basin Foz do Amazonas basin

Iquitos
Arch

Carauari
Arch

Purus
Arch

Gurupa
Arch

W E

GUIANA SHIELD
RETRO

FORELAND RIFTED MARGIN

GUIANA SHIELD GUAPORÉ SHIELD
RETRO

FORELAND
RIFTED

MARGIN

b

c

a

500

500

Neoproterozoic
Crystalline
Basement

Jurassic

Cretaceous

Cenozoic
Paleogene

Neogene

Paleozoic

Triassic

Bajolet et al., Figure 2

0 1000 km

0 1000 km

Figure 2 Click here to
access/download;Figure;Fig2.CoupesRegionales.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147656&guid=1b9857f9-3f93-4625-9c6f-e1e979bac5aa&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147656&guid=1b9857f9-3f93-4625-9c6f-e1e979bac5aa&scheme=1


Sedimentary environment

Non-marine

dark: preserved deposits 
light: minimal extent

Volcanic
Subduction front

Cooling

Heating

Fault

Normal fault

Oceanic ridge

Lava �ow

Dike

Dike/sill

Lava �ow

Ring-complex

Kimberlite occurence

Kimberlite cluster

Plutonic

Volcaniclastic 
sediments

Subduction

Rifting/Intraplate
CAMP

Non-CAMPShallow marine

Deep marine
Approximate location 
of major divide

Evaporites

Presently exposed 
basement

Fluvial paleocurrent

Tidal paleocurrent

Sediment transport

Transitional

Tectonics ThermochronologyMagmatism

V G

V

Inactive
major thrust

K

Bauxite occurrence

Laterite occurrence

Laterite-capped 
areas (preserved)

Tropical Regolith

Sill province

Bajolet et al., Figure 3

City

Arch/Upwarp

Arch/anticline

PARECIS Basin
name

Cratonic
cover strata

Continental
plateau

Pebas
Megawetland

Precambrian
basement

Andean
domain

500 km

AFRICA

AMAZONAS

PARECIS

MARAJO

Guiana Shield

Guaporé Shield

PARNAIBA

SAN
FRANCISCANA

SAHARAN
BASIN

ACRE

Borborema
Province

TACUTU

Lima

Quito

Bogota

Maracaibo

Manaus
Sao Luis

Piura

Paleo-geological maps explanation

SOLIMÕES

Jurua

«orogen»

M
ARAÑ

O
N

BENOUÉ CORRIDOR

El Baul
Arch

Iquitos Arch

Demerara
plateau

Guinea
plateau

Purus Arch

Marañon anticline

NAZCA PLATE

COCOS PLATE

CARIBBEAN PLATE CARIBBEAN
SUBDUCTION

b

a

−30˚−80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

dark: preserved; light: minimal extent

Figure 3 Click here to access/download;Figure;Fig3.Legende.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147657&guid=88c0b445-8945-43da-bd3f-4e811aa5546c&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147657&guid=88c0b445-8945-43da-bd3f-4e811aa5546c&scheme=1


G

V

G

V

V

V

K

K
G

CENTRAL MEXICO

270-250 Ma
PERMIAN

500 km

AFRICA

NORTH AMERICA

YUCATAN

AMAZONAS

PARECIS

MARAJO

PARNAIBA

SAN
FRANCISCANA

SAHARAN
BASIN

ACRE

BORBOREMA
PROVINCE

TACUTU

FARALLON
PLATE

OUACHITA

APPALACHIA
NS

MAURIT
AN

ID
ES

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 4

Figure 4 Click here to access/download;Figure;Fig4.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147658&guid=07a11c9c-c619-4a34-bf59-e1ec79204ce1&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147658&guid=07a11c9c-c619-4a34-bf59-e1ec79204ce1&scheme=1


V

VV

V

V
V

VV

V

V

V

V
V

V

V
V

KK

K

?

V

V

V

V

V

G

AFRICA

NORTH AMERICA

YUCATAN

CEN
TRAL

M
EXICO

235-190 Ma

TRIASSIC-
JURASSIC

CAMP

DEMERARA
PLATEAU

TEXAS BASIN

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 5

Figure 5 Click here to access/download;Figure;Fig5.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147659&guid=6d45ef20-2c31-407a-a456-4003e347655e&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147659&guid=6d45ef20-2c31-407a-a456-4003e347655e&scheme=1


KK

KK

KK

KK

KK

V

V

V

K

V

G

?

AFRICA

YUCATAN

MEXICO

140-133 Ma
VALANGINIAN

DEMERARA
PLATEAU

GUINEAN
PLATEAU
GUINEA

PLATEAU

MARAJO
GRABEN

PARACAS HIGH

TACUTU
GRABEN

SAHARAN BASIN

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 6

Figure 6 Click here to access/download;Figure;Fig6.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147660&guid=26a118c6-7696-41ae-be42-f8eaf1ebafcb&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147660&guid=26a118c6-7696-41ae-be42-f8eaf1ebafcb&scheme=1


VV

VV

VV

VV

VV

VV
VV

?

?

?

?

K

V

V

V

V

V

AFRICA

YUCATANMEXICO

120-115 Ma
APTIAN

BENOUÉ CORRIDOR

DEMERARA
PLATEAU

El Baul

Arch

GUINEA
PLATEAU

Iquitos Arch

GUINEA-LIBERIA
BASIN

SAHARAN BASIN

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 7

Figure 7 Click here to access/download;Figure;Fig7.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147661&guid=722be842-603a-40a4-84be-ef1794ad3b2c&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147661&guid=722be842-603a-40a4-84be-ef1794ad3b2c&scheme=1


?

?

?

?

V

V

V

V

V

V

G

V

G

AFRICA

MEXICO + YUCATAN

107-100 Ma
ALBIAN

Iquitos Arch

FUTURE
CARIBBEAN

LITHOSPHERE

FARALLON
PLATE

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 8

Figure 8 Click here to access/download;Figure;Fig8.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147662&guid=6a33e6bf-48e5-4e9a-bcdc-b85ecaf59748&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147662&guid=6a33e6bf-48e5-4e9a-bcdc-b85ecaf59748&scheme=1


?

?
V

V

G

V
G

V

V

V

V

AFRICA

MEXICO + YUCATAN

97-93 Ma
CENOMANIAN

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 9

Figure 9 Click here to access/download;Figure;Fig9.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147663&guid=b9c82399-626d-4c35-8a00-061ae11e6ef5&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147663&guid=b9c82399-626d-4c35-8a00-061ae11e6ef5&scheme=1


?

?

V

V

V

V
V

V

V

G

G

G

G

G

AFRICA

MEXICO + YUCATAN

CARIBBEAN 
PLATE

FARALLON 
PLATE

86-84 Ma
SANTONIAN

Iquitos Arch

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 10

Figure 10 Click here to access/download;Figure;Fig10.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147664&guid=fa3f83e7-bfe1-4398-b8fc-e3ddcaf44261&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147664&guid=fa3f83e7-bfe1-4398-b8fc-e3ddcaf44261&scheme=1


?

?FARALLON 
PLATE

KKG

V

V

VV

V

GV
V

V

G

CENTRAL AM
ERICA

AFRICA
CARIBBEAN PLATE

Galapagos
Hot Spot

72-66 Ma
MAASTRICHIAN

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 11

Figure 11 Click here to access/download;Figure;Fig11.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147665&guid=5926520e-5f19-4748-a17c-91b7ce418505&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147665&guid=5926520e-5f19-4748-a17c-91b7ce418505&scheme=1


?

V

V
V

48-38 Ma
EOCENE

AFRICA
CARIBBEAN 

PLATE

CENTRAL AMERICA

500 km

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 12

FARALLON 
PLATE

Figure 12 Click here to access/download;Figure;Fig12.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147666&guid=7ad4fe50-1c2f-49e1-a437-55100a023ce2&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147666&guid=7ad4fe50-1c2f-49e1-a437-55100a023ce2&scheme=1


V

V

V

V

V

V

NAZCA
PLATE

COCOS
PLATE

CARIBBEAN PLATE

16-12 Ma
MIOCENE

Iquitos Arch

Purus Arch

CENTRAL  AMERICA

PEBAS
mega-
wetland

−30˚−90˚ −80˚ −70˚ −60˚ −50˚ −40˚

−10˚

0˚

10˚

20˚

Bajolet et al., Figure 13

500 km

Figure 13 Click here to access/download;Figure;Fig13.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147667&guid=62618bd3-934e-498f-888a-9c4e22e6a798&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147667&guid=62618bd3-934e-498f-888a-9c4e22e6a798&scheme=1


Sink

Structural
highs

Source areas Sediment �ux Cenozoic lateritic 
cover (minimum
extent)

- +thickness

Documented

Inferred

Andes-dominated
source-to-sink systems
(Maastrichtian - Present)

M
AJ

O
R 

SO
UR

CE

M
AJOR SOURCE

1
2

1
2

INTERMITTENT SOURCE/SINK

Pre-Andean
source-to-sink systems
(Aptian - Santonian)

INTERMITTENT SOURCE/SINK

MAJOR SOURCE

CAMP
VOLCANISM

Superswell-dominated
source-to-sink systems
(Triassic - Barremian)

Bajolet et al., Figure 14

b

c

a

Figure 14 Click here to access/download;Figure;Fig14.pdf

https://www.editorialmanager.com/earth/download.aspx?id=147652&guid=75352b16-4a08-4e51-be33-f842ea8760e2&scheme=1
https://www.editorialmanager.com/earth/download.aspx?id=147652&guid=75352b16-4a08-4e51-be33-f842ea8760e2&scheme=1


 1 

Bajolet al., Table 1 
 

  Paleogeographic maps 

THEMATIC GEOLOGICAL 
ITEMS 

REFERENCES 270-250 Ma 235-190 Ma 140-133 Ma 
120-

115Ma 
107-

100Ma 
97-

93Ma 
86-84 

Ma 
72-66 

Ma 
48-38 

Ma 
16-12 

Ma 

Sedimentary record            

Atlantic margin            

 Caixeta et al., 2007 X  X X X X X X X X 

 De Andrade Campos Neto et al., 2007 X  X X X X X X X X 

 Sapin et al., 2016  X X X X X X X X X 

 Chaboureau et al., 2013   X X       

 Figueiredo et al., 2007   X X X X X X X X 

 Zalán and Matsuda, 2007   X X X X X X X X 

 Gontijo et al., 2007   X X X X X X X X 

 Da Cruz Pessoa Neto et al., 2007   X X X X X X X X 

 Trosdtorf et al., 2007    X X X X X X X 

 Condé et al., 2007     X X X X X X X 

 Graddi et al., 2007    X X X X X X X 

 Rangel et al., 2007    X X X X X X X 

 Soares et al., 2007    X X X X X X X 

 Córdoba et al., 2007    X X X X X X X 

 Rossetti et al., 2013          X 

 Ye et al., 2017 and references therein   X X X X X    

 Loparev et al., 2021  X X X X X X X X X 

Caribbean margin/Central 
and North America 

           

 Soreghan and Soreghan, 2013 X          

 Foster et al., 2014 X          

 Sweet et al., 2013 X          

 Dickinson et al., 2010  X         

 Algar and Pindell, 1993   X X X X X X X X 

 Erlich and Barrett, 1992    X X X X X X X 

 Parnaud et al., 1995    X X X X X X X 

 Iturralde-Vinent, 2006    X    X   

 Arnaud et al., 2000    X X      

 Mann et al., 2006         X X 

 Escalona and Mann, 2011          X 
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Intracontinental areas            

 Abrantes et al., 2016 X          

 Matsuda et al., 2004 X          

 da Cruz da Cunha et al., 2007a X X X X X X X X X X 

 da Cruz da Cunha et al., 2007b X X X X X X X X X X 

 Assine, 2007 X X X X X X X X X X 

 Vaz et al., 2007a X X X X X X X X X X 

 Vaz et al., 2007b X X X X X X X X X X 

 Silva et al., 2007 X X X X X X X X X X 

 Costa et al., 2007a X X X X X X X X X X 

 Costa et al., 2007b X X X X X X X X X X 

 Zalán and Silva, 2007 X X X X X X X X X X 

 Zalán, 2007 X X X X X X X X X X 

 Wanderley-Filho et al., 2007 X X X X X X X X X X 

 Crawford et al., 1985  X X X X      

 Mosmann et al., 1986  X X X X X X X X X 

 Scherer et al., 2014   X        

 Figueiredo et al., 2016   X X       

 Valença et al., 2003   X X X      

 Assine, 1994   X X X X     

 Varejão et al., 2016    X       

 Custódio et al., 2017    X       

 Scherer et al., 2015    X       

 Campos and Dardenne, 1997    X   X X   

 Sgarbi, 2000    X   X X   

 Dino et al., 1999    X X X X X   

 Mendes, 2013    X X X X X X X 

 Mendes et al., 2012           

 Rossetti and Netto, 2006      X     

 Bahia et al., 2006       X X   

 Rubert et al., 2017       X X  X 

 Abinader, 2008         X  

 Antoine et al., 2013          X 

            

Foreland basins            

 Mathalone and Montoya, 1995 X X         

 Gonçalves et al., 2002  X X X X X X X X X 

 Bayona et al., 2008   X X X X X X X X 

 Macellari, 1988   X X X X X X   
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 Moreno-Lopez and Escalona, 2015   X X X X X X   

 Balkwill et al., 1995   X X X X X X   

 Cooper et al., 1995   X X X X X X  X 

 Espurt et al., 2008    X X X X X X X 

 Martinez et al., 1999    X X X X X   

 Sanchez et al., 1999    X X X X X   

 Dashwood and Abbotts, 1990    X X X X X   

 Louterbach et al., 2014         X  

 Reyes-Harker et al., 2015         X X 

 Hermoza et al., 2005         X X 

 Antoine et al., 2013          X 

            

Andes            

 Laya and Tucker, 2012 X          

 Mathalone and Montoya, 1995 X X         

 Sempere, 1995 X X X X X X X X X X 

 Rosas et al., 2007  X         

 Sempere et al., 2002  X         

 Jaillard et al., 1990  X         

 Macellari, 1988   X X X X X X   

 Scherrenberg et al., 2012   X X X X X X   

 Winter et al., 2010     X      

 Jaillard et al., 2005       X X   

 Villamil, 1999        X X  

 Parra et al., 2009        X X X 

 Jaillard et al., 1995         X  

 Pindell and Tabbutt, 1995         X X 

 Nie et al., 2012         X X 

 Hungerbühler et al., 2002          X 

            

Africa            

 Ye et al., 2017 and references therein  X X X X X X X X  

 Linol et al., 2015c X          

            

            

Plate boundaries and 
kinematic 
reconstructions 
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 Elías-Herrera and Ortega-Gutierrez, 
2002 

X          

 Soreghan and Soreghan, 2013 X          

 Weber et al., 2007 X X         

 Pindell and Kennan, 2009  X X  X X X X   

 Dickinson and Lawton, 2001  X X        

 Matthews et al., 2016   X X X X X X X X 

 Moulin et al., 2010   X X X X X X   

 Montes et al., 2019        X X X 

 Escalona and Mann, 2011         X X 

            

Fault pattern and 
kinematics 

           

Atlantic margin            

 Ye et al., 2017 and references therein   X X       

            

Intracontinental areas            

 Ye et al., 2017 and references therein  X X X X X X X   

 De Castro et al., 2008   X        

 Crawford et al., 1985   X X       

 Valença et al., 2003   X X X      

 Reis et al., 2017    X       

            

Caribbean margin/Central 
and North America 

           

 Soreghan and Soreghan, 2013 X          

 Bartok, 1993 X          

 Weber et al., 2007 X          

 Dickinson and Lawton, 2001  X         

 Dickinson et al., 2010  X         

 MacRae and Watkins, 1995  X         

 Algar and Pindell, 1993         X X 

 Escalona and Mann, 2011          X 

            

Andes            

 Pfiffner and Gonzales, 2013 X X X X X X X X X X 

 Sarmiento-Rojas et al., 2006  X X X       

 Aspden and Litherland, 1992  X X X       

 Scherrenberg et al., 2012, 2014   X X X X X X   
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 Pindell and Kennan, 2009        X X X 

 Montes et al., 2019        X X X 

 Jaillard et al., 2009        X X X 

 Villamil, 1999        X X  

 Hungerbühler et al., 2002          X 

            

Foreland basins            

 Mathalone and Montoya, 1995  X         

 Balkwill et al., 1995   X        

 Bayona et al., 2008   X X X X X X X X 

 Moreno-Lopez and Escalona, 2015   X X X X X X   

 Delgado et al., 2012          X 

            

Africa            

 Ye et al., 2017 and references therein  X X X X X X X X  

            

            

Magmatism            

Atlantic margin            

 Mizusaki et al., 2002 X X X X X X X X X X 

            

Intracontinental areas            

 Tappe et al., 2018 X X X   X     

 Mizusaki et al., 2002 X X X X X X X X X X 

 De Min et al., 2003  X         

 Hunt et al., 2009  X         

 Masun and Smith, 2008  X         

 Merle et al., 2011  X         

 Wanderley-Filho et al., 2005  X         

 Bulanova et al., 2010      X     

 Silveira, 2006        X   

            

Foreland basins            

 Barragan et al., 2005     X X X    

            

Andes            

 Boekhout et al., 2018 X          

 Mišković et al., 2009 X          

 Spikings et al., 2016 X          
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 Van der Lelij et al., 2016a X X         

 Van der Lelij et al., 2016b X X         

 Jaillard et al., 1990  X         

 Spikings et al., 2015  X X X       

 Winter et al., 2010     X X X X X  

 Atherton and Webb, 1989     X X X X X X 

 Egüez et al., 2017         X X 

 Schütte et al., 2010         X X 

 Pindell and Tabbutt, 1995          X 

            

Caribbean/Mexico            

 Centeno-García, 2017 X          

 Torres et al., 1999 X          

            

Africa            

 Ye et al., 2017 and references therein  X X X X X X    

            

            

Thermochronology            

 Harman et al., 1998 X X X X X X X X X X 

 Jelinek et al., 2014   X X X X X X X X 

            

            

Sources and provenances            

 Horton et al., 2010  X X X X X X X X X 

 Horton, 2018  X X X X X X X X X 

 Moreno et al., 2020  X X X X X X X X  

 Figueiredo et al., 2016   X X       

 Saylor et al., 2011   X X X X X X X  

 Dantas et al., 2014    X X X X X   

 Mendes et al., 2015    X X X X X   

 Mapes et al., 2007    X X X X X  X 

 Ruiz et al., 2004    X X X X X X X 

 Martin-Gombojav and Winkler, 2008    X X X X X X X 

 Nascimento et al., 2007     X      

 Gutierrez et al., 2019     X X X X X X 

 Silva et al., 2013      X X X X X 
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 Louterbach et al., 2018        X   

 Vallejo et al., 2017        X   

 Nie et al., 2012         X X 

 Caballero et al., 2013         X X 

 Roddaz et al., 2005, 2006, 2012          X 

 George et al., 2019          X 
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