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1.  Introduction
The contribution of non-orogenic continental domains (i.e., platforms, cratons and shields) to global sediment 
export to the oceans is often overlooked because their relief and erosion rates are very low (typically <10 m/
Myr; Beauvais and Chardon (2013)). Nevertheless, the vast dimensions of non-orogenic domains (which cover 
over 60% of continental surfaces) allow them to currently contribute up to 30%–40% of the clastic sediments 
exported by continents to the global ocean (Maffre et al., 2018; Milliman & Farnsworth, 2011). Sediment routing 
systems transport sediments from production areas, across domains of transit and/or transient storage, to their 
ultimate sedimentary basins. The goal of “Source-to-Sink” studies is to better understand the dynamics of these 
systems by quantifying continental erosion, sediment fluxes and terminal basin accumulations (e.g., Allen, 2008; 
Bhattacharya et al., 2016; Grimaud et al., 2018; Rouby et al., 2009; Schumm, 1981; Sømme et al., 2009). Indeed, 
variations in continental erosion and accumulation rates in sedimentary basins may reveal tectonic events, 
climate changes or drainage reorganizations in the source area that affect sediment production, availability and 

Abstract  Despite their very low relief and erosion rates, non-orogenic (i.e., cratonic) continental domains 
account for over 60% of the Earth's exposed lands. Therefore, they contribute significantly to the clastic 
sediments and solutes exported to the ocean and should be accounted for in global studies. Nonetheless, they 
have been much less studied than orogenic domains. In this study, we establish the source-to-sink sedimentary 
budget of the sub-saharan West African cratonic domain and its Equatorial Atlantic rifted margin using 
published low-temperature thermochronological data to estimate onshore denudation and regional geological 
cross-sections to estimate offshore accumulation. We show that during and immediately following rifting 
(130-94 Ma), the build-up and subsequent erosion of rift-related relief resulted in a transient, 100–200 km 
wide strip along the margin recording high denudation rates (>50 m/Myr), while the inland domain underwent 
steady and very low denudation (<10 m/Myr). Afterward, the whole onshore domain underwent very low and 
steady denudation. Thus, the changes in post-rift accumulation rates documented along the rifted margin were 
caused by changes in the climate and/or drainage network. During the Late Cretaceous, we document a regional 
rise in accumulation rates caused by the enlargement of drainage areas feeding the basins by a hinterlandward 
migration of the continental divide. During the Paleogene, we document a general drop in accumulation rates 
in all the basins of the African Atlantic margins caused by the global greenhouse climate, which enhanced the 
development of lateritic weathering mantles, storing clastic sediments on the continent and favoring solute 
exports to the ocean.

Plain Language Summary  Cratons, shields and continental platforms have low relief and erode 
very slowly. As a result, they are often neglected while investigating sediment routing systems at the surface 
of the Earth over geological times. In this study, we determine the source-to-sink sedimentary budget of the 
sub-saharan part of West Africa and its equatorial Atlantic margin. To do this, we estimate the histories of (a) 
erosion on the continent and (b) accumulation in the offshore basins. We show that the sub-saharan region of 
West Africa has experienced very little erosion since at least 200 Ma. The only exception was the temporary 
removal of relief caused by the rift that split Africa and South America. Following that rifting, variations in 
sediment accumulation in the basins were driven by changes in climate that modified the way the continent was 
being eroded or by modifications of the river courses carrying sediments to the ocean.
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transport to the sedimentary basins. However, most of the studied sediment routing systems are those of orogenic 
domains, characterized by rapid and high-magnitude rock uplift as well as high sediment fluxes (e.g., Allen 
et al., 2013; Kuhlemann et al., 2002; Wittmann et al., 2016; Zattin et al., 2014). Only a few studies have attempted 
to quantify sediment exports in non-orogenic/cratonic domains (Baby et al., 2020; Charton et al., 2020; Grimaud 
et al., 2018; Pazzaglia & Brandon, 1996; Poag & Sevon, 1989; Rouby et al., 2009; Rust & Summerfield, 1990; 
Tinker et al., 2008). Yet, the sediment routing systems of cratonic domains are expected to be very different from 
those of orogenic domains because of the slow and low vertical movements (i.e., epeirogeny) that typify shields.

Sub-saharan West Africa (here defined between 20°N, 5°E and the Atlantic Ocean rifted margin in the west and 
south; Figure 1) is one of the best documented non-orogenic continental domains over geological timescales. 
Indeed, Beauvais and Chardon (2013), Chardon et al. (2016), and Grimaud et al. (2018) used the spatial distribu-
tion of dated relict Cenozoic lateritic paleo-landforms to assess its relief evolution and quantify its erosion. These 
studies have identified an upward domain along the margin (“marginal upwarp”) that focused up to 10–12 m/Myr 
of denudation since 45 Ma, while the rest of the region had undergone less than 4 m/Myr of denudation over the 
same period. Chardon et al. (2016) also showed that the topographic growth of the Hoggar hotspot swell (north 
of the Iullemmeden Basin; Figure 1) triggered a large-scale drainage re-organization at ca. 34 Ma that increased 
the size of coastal catchments, which correlates with higher accumulation rates in the basins of the Equatorial 
Atlantic rifted margins and initiation and growth of the modern Niger river delta (Grimaud et  al.,  2018). In 
contrast, the very low Paleocene-Eocene (65–34 Ma) accumulation rates in the rifted margin basins (Grimaud 
et al., 2018) were attributed to greenhouse climate-induced chemical weathering of the continental domain that 
favored sediment storage as lateritic regolith in weathering profiles and exports of solutes produced by chemical 
weathering (see Chardon, 2023). Ye et al. (2017) showed that, between the onset of rifting in the Early Cretaceous 
and 45 Ma, the primary source for sediments routed to the rifted margins was the Leo-Man shield and its fringing 
Proterozoic and Paleozoic platform sedimentary cover (Figure 1). However, the relief, drainage configuration and 
erosion dynamics of the region before 45 Ma remain to be deciphered.

In this contribution, we address the cratonic sediment routing systems by investigating sub-saharan West 
Africa and its Equatorial Atlantic rifted margin (Figure  1) since the onset of rifting ca. 140  Ma ago (e.g., 
Basile et al., 2005). We build upon previous studies that documented and constrained (a) its evolving Meso-
zoic to Cenozoic paleogeographic and structural framework (Ye et al., 2017), (b) its Cenozoic erosion history 
(Beauvais & Chardon, 2013; Grimaud et al., 2018), (c) the thermal history of its onshore portion (e.g., Wildman 
et al., 2018, 2022 and references therein) and (d) the crustal and stratigraphic architecture of its Equatorial rifted 
margin (e.g., Bennett & Rusk, 2002; Brownfield & Charpentier, 2006; Ye et al., 2019).

Most of the source-to-sink studies usually concentrate on quantifying either the continent denudation or the 
sedimentary basin accumulation. In this study, we adopt a novel quantitative source-to-sink approach to establish 
the very long-term budget of both denudation and accumulation of a wide cratonic domain and its fringing rifted 
margin in order to investigate the respective contributions of tectonics (i.e., rifting), drainage reorganization or 
climate (i.e., greenhouse/icehouse) to its continental relief evolution and the accumulation histories of the rifted 
margin. We use published low-temperature thermochronological data to estimate onshore denudation patterns 
and build geological regional cross-sections to estimate offshore accumulation histories of the rifted margin 
basins (from Sierra Leone to Benin).

2.  Geological Outline and Earlier Works
The African Equatorial Atlantic rifted margin is separated from the Central Atlantic rifted margin by the Guinea 
Fracture Zone and from the South Atlantic rifted margin by the Chain Fracture Zone (Figure 1a). It is composed 
of three segments and their associated basins: the Sierra Leone-Liberia, Ivory Coast-Ghana, and Togo-Benin 
Basins. The segments are separated by the Saint Paul and Romanche Fracture Zones. Rifting of the Equatorial 
Atlantic was initiated in the earliest Cretaceous (ca. 145–130 Ma) (e.g., Figueiredo et al., 2007; Gouyet, 1988). 
During the Aptian (ca. 120–115 Ma), an en-échelon strike-slip rift system developed (e.g., Basile et al., 2005; 
Ye et al., 2017), forming large pull-apart basins that preserved thick continental to shallow-marine sediments 
(e.g., Antobreh et al., 2009; Bennett & Rusk, 2002; Brownfield & Charpentier, 2006) (Figure 1b). Rifting even-
tually led to the continental break-up, and the end of crustal extensional deformation is marked by a Late Albian 
regional break-up unconformity (ca. 104 Ma) on both the African and South American conjugate rifted margins 
(e.g., Antobreh et al., 2009; Bennett & Rusk, 2002; Brownfield & Charpentier, 2006; Figueiredo et al., 2007; 
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Figure 1.  (a) Geological map of the study area. Archean and Paleoproterozoic terrains of the Leo-Man shield constitute the main outcrops of sub-saharan West Africa. 
Blue lines are present-day bathymetric contours (labeled in meter). International borders are shown by white lines. Compiled after Choubert and Faure-Muret (1988), 
Deynoux et al. (2006), Milesi et al. (2010), Couëffé and Vecoli (2011), and Ye et al. (2017). (b) Simplified Aptian (120–115 Ma) paleogeological map of the study area 
(fixed Africa) showing deposition area and environments (modified after Ye et al. (2017)). GN: Guinea; SL-LB: Sierra Leone-Liberia; IC-GH: Ivory Coast-Ghana; 
TG-BN: Togo-Benin; FZ: Fracture Zone.
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Ye et al., 2019). The Central and South Atlantic Oceans then connected through initially isolated “oceanic crust 
basin” patches (e.g., Blarez & Mascle, 1988; Ye et al., 2017). In the Late Albian, the African Equatorial rifted 
margin had acquired its segmentation with alternating transform and divergent segments formed along former 
strike-slip and normal faults, respectively (e.g., Markwick et al., 2021; Ye et al., 2019) (Figure 1). After the conti-
nental break-up, the tectono-stratigraphic evolution of the rifted margin was predominantly driven by thermal 
subsidence, allowing for the preservation of thick Upper Cretaceous-Cenozoic siliciclastic deposits including 
limited amounts of carbonates (e.g., Bennett & Rusk, 2002; Brownfield & Charpentier, 2006; Ye et al., 2019).

The Archean-Paleoproterozoic Leo-Man shield is the main crystalline outcrop of West Africa, forming the base-
ment of the hinterland of the rifted margin. The shield is flanked by the Rokelides and Mauritanides mobile belts 
to the West and the Dahomeides orogen and its Volta foreland basin to the East (Figure 1a). The Leo-Man shield 
supports the Mesoproterozoic-Mesozoic Taoudeni Basin and is fringed to the NE by the Paleozoic-Cenozoic 
Iullemmeden Basin. Both basins preserve Lower Cretaceous non-marine sediments known as the “Continental 
Intercalaire” (e.g., Dars, 1957; Kilian, 1931; Lefranc, 1983; Lefranc & Guiraud, 1990). The Precambrian and 
Phanerozoic platform cover of West Africa is made almost exclusively of sandstones and siltstones, whereas 
basement rocks are mostly granitoids, with some proportions of volcano-sedimentary rocks found in greenstone 
belts of the Leo-Man shield.

The present-day drainage of West Africa stabilized at around 30 Ma (Chardon et al., 2016). It may be divided 
into four main drainage systems: (a) the Short Atlantic drainages along the Guinean and Sierra Leone—Liberia 
rifted margins, (b) the Long Atlantic drainages along the Ivory Coast-Ghana and Togo-Benin rifted margins, (c) 
the Senegambia catchment, to the northwest, and (d) the Niger River catchment (Figure 2).

3.  Material and Methods
3.1.  Quantification of Offshore Accumulation History

We estimated the post-rift accumulation histories of the three rifted margin basins using the method fully detailed 
in Rouby et al. (2009) and Guillocheau et al. (2011). Only a simplified description of the method, assumptions 
and uncertainties assessment approach is provided here, and additional details are given in SI.1.

We constructed 17 geological cross-sections of the rifted-margin basins (Figure 3; Figures S1–S3 in Support-
ing Information  S1) from published geological and seismic sections (e.g., Antobreh et  al.,  2009; Bennett & 
Rusk, 2002; Brownfield & Charpentier, 2006; Davison et al., 2016; Delteil et al., 1974; Edwards et al., 1997; 
Gillard et  al.,  2017; Kjemperud et  al.,  1992; Lamarche et  al.,  1997; Lehner & De Ruiter,  1977; Olyphant 
et al., 2017; Pautot & Renard, 1973; Sage et al., 1997, 2000; Scarselli et al., 2018; Ye et al., 2019) complemented 
by some proprietary seismic sections provided by TotalEnergies (one per geological section). We constructed 
seven cross-sections for the Sierra Leone-Liberia Basin, six for the Ivory Coast-Ghana Basin, and four for the 
Togo-Benin Basin (Figures 2 and 3; Figures S1–S3 in Supporting Information S1). They include the major post-
rift stratigraphic horizons above the break-up unconformity but not the syn-rift accumulation because of its poor 
imaging on available data.

We calibrated the age of stratigraphic horizons using published biostratigraphic data (e.g., Antobreh et al., 2009; 
Bennett & Rusk, 2002; Pletsch et al., 2001; Wagner, 2002; Wagner & Pletsch, 2001), as well as proprietary wells 
provided by TotalEnergies. Due to the uneven availability of biostratigraphic data, we calibrated the age of six 
horizons in the Sierra Leone-Liberia Basin, 11 in the Ivory Coast-Ghana Basin, and nine in the Togo-Benin 
Basin (Figure 3, Figures S1–S3 and Table S1 in Supporting Information S1; see Text S1.5 in Supporting Infor-
mation S1). This defined different time increments of accumulation rate measurements, ranging from 66 Myr 
(i.e., the entire Cenozoic) in the Sierra Leone-Liberia Basin to 3 Myr (i.e., in the Early Oligocene) in the Ivory 
Coast-Ghana Basin.

The published and proprietary geological and seismic sections cover only the proximal part of the rifted margin 
(Figures 2 and 3). Therefore, to encompass the whole post-rift sedimentary wedges, we extrapolated the geologi-
cal cross-sections landward and oceanward. To do this, we used vintage seismic lines (Delteil et al., 1974; Emery 
et al., 1975), basement isobath maps (Laske & Masters, 1997) and the ages of oceanic crust (Milesi et al., 2010) 
(Figures 2 and 3; Figures S1 and S2 in Supporting Information S1). The age of the oceanic crust indeed prescribes 
the maximum age of sediments deposited on it and drastically reduces the range of possible extrapolations. 
Nonetheless, within these constraints, we also established several extrapolation hypotheses (usually 3) for 
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each geological cross-section that are included in the estimation of uncertainties (see below). We also used 
published geological maps (Choubert & Faure-Muret, 1988) to extrapolate the geological cross-sections land-
ward to include the embayment of the Ivory Coast-Ghana and Togo-Benin basins (Figure 2). Note that we did 
not extrapolate the geological cross-sections in the Togo-Benin Basin oceanward, as the distal part of the basin 
has received significant lateral supply from the East, probably since the Santonian (∼85 Ma; Figure 3d; Figure 
S3 in Supporting Information S1). Indeed, the Santonian inversion of the Benue Trough generated a mountain 
range accommodating ∼12 km of shortening whose erosion supplied siliciclastic sediments to the surrounding 
basins (Benkhelil, 1989). The Niger Delta also contributed a large volume of sediments since at least the latest 
Eocene (Grimaud et al., 2018; Reijers, 2011). We then depth-converted horizons using depth-velocity laws cali-
brated from proprietary well data (see Text S1.2 in Supporting Information S1). We included uncertainties in 
these velocities (increasing from 10% to 30% with depth) and incorporated their influence on the estimation of 
accumulated volumes.

We quantified the volume of sediments accumulated during each time interval in each basin by linear interpolation 
between the cross-sections (see details in Guillocheau et al. (2011); Figure S6 in Supporting Information S1). To 

Figure 2.  Location map of the data sets. The offshore data set comprises published geological cross-sections and 2D industrial seismic lines (red lines), vintage seismic 
lines of Emery et al. (1975; in dashed green) and Mesozoic-Cenozoic isopachs after Milesi et al. (2010) (gray contours; thickness values in meters). The extrapolated 
portions of the 2D industrial cross-sections are shown as red dashed lines and the ones shown in Figure 3 are labeled. The onshore data set comprises the published 
low-temperature thermochronological samples (colored circles, see Wildman et al. (2022) and references therein). The location of the three denudation transects shown 
in Figure 5 is indicated by thick black lines. Present day main rivers (white lines) and catchment divides (blue dashed lines) are also displayed. Onshore topography is 
extracted from Shuttle Radar Topography Mission (SRTM) data set.
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extract the siliciclastic solid volumes, we corrected these raw volumes for remaining porosity and in situ carbonate 
production calibrated from published and proprietary well-data (Antobreh et al., 2009; Bennett & Rusk, 2002; 
Gonçalves & Ewert, 1998; Pletsch et al., 2001; Strand, 1998; Wagner, 2002; Wagner & Pletsch, 2001) (Figure S4 
in Supporting Information S1; see Texts S1.3 and S1.4 in Supporting Information S1). Other in situ productions, 
such as volcanics, cherts and organic matter, were included in the carbonate content correction, as they have only 
been very locally observed (e.g., Antobreh et al., 2009; Bennett & Rusk, 2002; Gonçalves & Ewert, 1998; Pletsch 
et al., 2001; Strand, 1998; Wagner, 2002; Wagner & Pletsch, 2001).

Figure 3.  Examples of regional cross-sections built for the estimation of sediment accumulation history in the Sierra Leone-Liberia (a), Ivory Coast-Ghana (b and c) 
and Togo-Benin (d) basins (see locations on Figure 2). Areas of the cross-sections covered by published and proprietary 2D seismic lines are shown by gray shading 
and those covered by vintage data by brown dotted lines. Major unconformities are highlighted in red. Ages of oceanic crust are from Milesi et al. (2010). FZ: Fracture 
Zone. Note that the Togo-Benin geological section is not extrapolated oceanward (see text for details).
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Finally, we estimated the uncertainties on solid siliciclastic volumes (km 3) and accumulation rates (km 3/Myr). We 
used a Monte Carlo simulation combining uncertainties corresponding to each step of the calculation described 
above (see Guillocheau et al. (2011) for details). This includes (a) the uncertainties in the stratigraphic ages used for 
calibration of stratigraphic horizons in absolute ages (ranging from 0.5 to 2 Ma; see Table S1 in Supporting Infor-
mation S1), (b) the uncertainties in the velocity values used for the conversion of the time horizons to depth hori-
zons, (c) uncertainties in the content values used for the in situ production correction (±100% in in-situ content; see 
Figure S4 in Supporting Information S1) and (d) uncertainties related to the various extrapolation hypotheses. The 
estimated accumulated volumes, accumulation rates and associated uncertainties are shown in Table 1 and Figure 4.

Sadler (1999) has shown that longer intervals likely incorporate more and longer sedimentation hiatuses (uncon-
formities in particular) than shorter intervals, resulting in lower accumulation rates. To evaluate this time-span effect, 
we checked the relationship between time interval durations. As accumulation rates indeed tend to be higher for 
shorter time intervals (Figures S5a–S5c in Supporting Information S1), we also calculated accumulation rates over 
five even time steps (20.8 Myr; “resampled” rates; Table S2 and Figures S5d–S5f in Supporting Information S1).

3.2.  Estimation of Onshore Denudation

To estimate the onshore denudation history, we compiled the published modeled thermal histories of 
Low-Temperature Thermochronological data (LTT; apatite fission tracks and apatite (U-Th-Sm)/He) of onshore 

Basin Stratigraphic age Interval (Ma) Solid volume (10 4 km 3) Accumulation rate (10 3 km 3/Myr)

Sierra Leone-Liberia Cenozoic 66–0 35.4 ± 7.4 5.4 ± 1.1

Maastrichtian 72–66 12.0 ± 3.5 20.1 ± 5.8

Campanian 85–72 9.2 ± 2.0 7.1 ± 1.6

Turonian-Santonian 94–85 8.3 ± 1.9 9.3 ± 2.1

Latest Albian-Cenomanian 104–94 7.4 ± 1.9 7.4 ± 1.9

TOTAL 72.5 ± 16.6 7.0 ± 1.6

Ivory Coast-Ghana Plio-Quaternary 5.3–0 6.6 ± 1.1 12.3 ± 2.1

Middle-Upper Miocene 16–5.3 6.2 ± 1.3 5.8 ± 1.2

Upper Oligocene-Lower Miocene 31–16 6.9 ± 1.5 4.6 ± 1.0

Lower Oligocene 34–31 5.5 ± 3.6 18.3 ± 12.0

Eocene 56–34 7.0 ± 1.4 3.2 ± 0.6

Paleocene 66–56 6.9 ± 1.7 6.9 ± 1.7

Maastrichtian 72–66 8.0 ± 2.0 13.3 ± 3.3

Campanian 85–72 8.7 ± 1.7 6.7 ± 1.3

Turonian-Santonian 94–85 6.1 ± 1.3 6.8 ± 1.4

Latest Albian-Cenomanian 104–94 4.3 ± 1.3 4.3 ± 2.1

TOTAL 66.2 ± 16.8 6.4 ± 1.6

Togo-Benin Plio-Quaternary 5.3–0 1.1 ± 0.1 2.1 ± 0.2

Upper Miocene 11.6–5.3 3.5 ± 0.5 5.6 ± 0.7

Middle Miocene 16–11.6 2.2 ± 0.4 4.9 ± 0.9

Upper Oligocene-Lower Miocene 31–16 1.0 ± 0.2 0.7 ± 0.1

Paleogene 66–31 3.4 ± 0.8 1.0 ± 0.2

Campanian-Maastrichtian 85–66 5.1 ± 1.0 2.7 ± 0.5

Turonian-Santonian 94–85 2.2 ± 0.5 2.4 ± 0.6

Latest Albian-Cenomanian 104–94 3.5 ± 1.1 3.5 ± 1.1

TOTAL 21.9 ± 4.5 2.1 ± 0.4

Note. Bold values are total accumulation values per basin.

Table 1 
Estimated Accumulation Volumes and Rates (and Associated Uncertainties) for Each Time Interval of Each Studied Basin
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samples (Figure 2; Figures S6 and S7 and Tables S3 and S4 in Supporting Information S1). We use the study of 
Gunnell (2003) in Burkina Faso, Fernie et al. (2018) in Ghana, Wildman et al. (2018) in Benin, and Wildman 
et al.  (2022) in Ivory Coast and Guinea. We assumed that, during the modeled period, cooling or heating of 
samples was primarily driven by unroofing or burial. We also assumed that the output of the various modeling 
techniques in the published thermal histories is comparable. Following the method of Wildman et al. (2018), we 
used the preferred thermal model of the original authors to estimate the unroofing/burial history of each sample 
and the 95% credible intervals (interval including 95% of the probable paths) to estimate the associated uncer-
tainties. We used Equation 1:

𝑑𝑑 = (𝑇𝑇1 − 𝑇𝑇2) ∕ (𝐺𝐺 (𝑡𝑡1 − 𝑡𝑡2)),� (1)

where d is the denudation/burial rate (km/Myr), T1 and T2 are the temperatures (°C) at time t1 and time t2 (Ma), 
and G is the geothermal gradient (°C/km). Following the method of Wildman et al. (2018), we used an average 
paleo-geothermal gradient of 25°C/km, which is a typical geothermal gradient for the first 3–5 km of continen-
tal crust in cratonic domains (Dipietro, 2013). Wildman et  al.  (2022) estimated uncertainties associated with 
paleo-geothermal gradients ranging from 20 to 70°C/km on these denudation estimations. Denudation histories 
and associated uncertainties of all samples are given in Tables 2 and 3.

Following the method of Wildman et  al.  (2018), we visualize the denudation/burial history of each margin 
segment along three transects, perpendicular to the margin segments in Guinea, Ivory Coast and Benin. To do 

Figure 4.  Accumulated volumes and accumulation rates estimated from extrapolated cross-sections in the Sierra Leone-Liberia (a and b) and Ivory Coast-Ghana basins 
(c and d), and from non-extrapolated cross-sections in the Togo-Benin basin (e and f). Associated uncertainties are shown by gray lines (see text and Table 1 for details).
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Denudation (m) Denudation rate (m/Ma)

Sample Long Lat 0–30 30–65 65–85 85–100 100–120 120–135 Total 0–30 30–65 65–85 85–100 100–120 120–135

Guinea Transect: Wildman et al. (2022)

  GN1 −13.42 9.73 400 −520 80 840 1,480 400 3,200 13 −15 4 56 74 27

  GM1 −13.42 9.72 400 −520 80 840 1,480 400 3,200 13 −15 4 56 74 27

  GM2 −13.37 9.72 400 −520 80 840 1,480 400 3,200 13 −15 4 56 74 27

  GN4 −13.14 9.83 400 −520 80 840 1,480 400 3,200 13 −15 4 56 74 27

  GM3 −13.14 9.83 400 −520 80 840 1,480 400 3,200 13 −15 4 56 74 27

  GN6 −12.63 10.10 120 120 80 80 560 40 1,000 4 3 4 5 28 3

  GN7 −12.27 10.69 120 120 80 80 560 40 1,000 4 3 4 5 28 3

  GN8 −12.19 10.51 120 120 80 80 560 40 1,000 4 3 4 5 28 3

  GN9 −11.81 10.66 200 80 40 80 320 480 1,200 7 2 2 5 16 32

  GN10 −11.71 10.70 200 80 40 80 320 480 1,200 7 2 2 5 16 32

  GM12 −11.58 10.73 200 80 40 80 320 480 1,200 7 2 2 5 16 32

  GM13 −11.29 10.74 200 240 120 120 360 480 1,520 7 7 6 8 18 32

  GN11 −11.16 10.73 280 120 120 160 440 320 1,440 9 3 6 11 22 21

  GM14 −11.00 10.82 280 120 120 160 440 320 1,440 9 3 6 11 22 21

  GN12 −10.75 10.92 280 120 120 160 440 320 1,440 9 3 6 11 22 21

Ivory Coast Transect: Wildman et al. (2022)

  SA-3 −6.63 −80 4.73 80 920 440 3,000 15 −2 0 5 0 104

  SA-14 −6.11 −80 4.93 80 920 440 3,000 15 −2 0 5 0 104

  SOK1A −6.65 5.68 320 240 80 120 600 40 1,400 11 7 4 8 30 3

  DLO3bisA −6.46 6.50 320 80 240 120 600 40 1,400 11 7 4 8 30 3

  VAAL-1 −6.64 7.41 360 200 120 120 520 480 1,800 12 6 6 8 26 32

  BEZ-1 −6.16 7.46 360 200 120 120 520 480 1,800 12 6 6 8 26 32

  SEN1 −6.53 7.83 240 80 0 40 80 0 440 8 2 0 3 4 0

  MK64 −6.36 8.16 240 80 0 40 80 0 440 8 2 0 3 4 0

  KG33 −5.65 9.47 240 200 80 40 120 120 800 8 6 4 3 6 8

Benin Transect: Wildman et al. (2018)

  BN18 1.82 7.06 280 280 160 720 800 80 2,320 9 8 8 48 40 5

  BN1 2.09 7.40 1,080 −840 280 600 440 400 2,800 36 −24 14 40 22 27

  BN2 2.19 7.62 520 360 −80 −40 80 440 1,400 17 10 −4 −3 4 29

  BN3 2.50 8.05 440 240 80 0 880 2,120 3,760 15 7 4 0 44 141

  BN17 2.63 8.36 1,040 560 −280 40 1,560 1,040 4,240 35 16 −14 3 78 69

  BN4 2.61 8.75 480 −120 160 680 1,480 680 3,360 16 −3 8 45 74 45

  BN5 2.55 9.19 680 −400 −240 80 1,120 1,920 3,800 23 −11 −12 5 56 128

  BN12 2.30 9.77 360 160 0 0 −40 −80 5,200 12 5 0 0 −2 −5

  BN11 2.60 9.77 360 360 200 200 200 160 1,480 12 10 10 13 10 11

  BN10 2.72 10.37 680 400 40 40 −40 0 1,160 23 11 2 3 −2 0

  BN9 2.73 10.59 0 640 600 −320 −800 −80 3,040 0 18 30 −21 −40 −5

  BN8 2.81 10.80 0 1,080 280 −480 −480 −80 1,360 0 31 14 −32 −24 −5

  BN7 2.90 11.14 0 280 200 −200 −200 120 600 0 8 10 −13 −10 8

  BN6 3.19 11.68 0 880 480 −520 −240 800 2,060 0 25 24 −35 −12 53

Note. Negative denudation is burial. Sources are Wildman et al. (2022) for the Guinea and Ivory Coast transects and Wildman et al. (2018) for the Benin transect.

Table 2 
Estimated Denudation and Denudation Rates for the Transect Samples per Time Interval (135–120 Ma, 120–100 Ma, 100–85 Ma, 85–65 Ma, 65–30 Ma, and 30–0 Ma)
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this, we projected perpendicularly the sample locations on the transect and plotted the incremental denudation 
estimations at each sample projected location along the transect (Figures 2 and 5; Table 2).

Finally, we estimated the volumes eroded in the area of the margin portion feeding the rifted margin basins for the 
Guinea and Ivory Coast margin segments (Figure 6). We did not consider the Benin transect in this part of the anal-
ysis for two reasons. Firstly, we did not extrapolate the geological cross-sections along the Benin segment because 
of the lateral sedimentary input (see above). Secondly, the denudation transect shows more complex features 
than the other two segments, with the potential reactivation of Precambrian shear zones suggested by Fernie 
et al. (2018) (see details in results section and Wildman et al. (2018)). As the studied area is located within an 
anorogenic domain, we estimated the denudated volumes assuming that the denudation rates measured along each 
denudation transect could be generalized to the entire length of the corresponding segment (600 km in length for 
the Guinea segment and 700 km for the Ivory Coast segment; Figure 6a). We estimated the width of the denudation 
area feeding the rifted margin basins from the paleogeographic reconstructions of Ye et al. (2017). We used a width 
of the erosion domain ranging from 100 to 350 km to estimate uncertainties associated with the location of the 
drainage divide separating sedimentary supply to the intracratonic basin and the rifted margin basins (Figure 6a).

4.  Results
4.1.  Solid Clastic Sediment Accumulation Histories

4.1.1.  Regional Post-Rift Stratigraphic Architectures

The stratigraphic architecture of post-rift sediments varies significantly along the African Equatorial Atlantic rifted 
margin (Figure 3; Figures S1–S3 in Supporting Information S1). In the Sierra Leone-Liberia Basin, most of post-
rift sediments are preserved on the slope and the abyssal plain and only very thin Cenozoic deposits are preserved 
on the shelf (Figure 3a). In the Ivory Coast-Ghana Basin, the Upper Cretaceous sedimentary wedge is bounded 
oceanward by the Romanche Fracture Zone, whereas the Cenozoic wedge extends basinward beyond (Figures 3b 
and 3c). Within this basin, along the eastern divergent rifted margin segment, Upper Cretaceous transitional to 
shallow-marine sediments are preserved on the shelf (Figure 3c). In contrast, along the western transform segment, 
Upper Cretaceous sediments by-passed the shelf and are preserved only on the basin slope and floor (Figure 3b) 
(Ye et al., 2019). In the Togo-Benin Basin, both Upper Cretaceous and Cenozoic deposits are preserved on the 
shelf (Figure 3d). Oceanward thickening of the sedimentary wedge in the abyssal plain marks the lateral input of 
sediments from the East (i.e., the Niger Delta) during the Cenozoic (Figure 3d) (Grimaud et al., 2018).

Despite these differences, the post-rift stratigraphic architectures of the three basins share similar regional strati-
graphic trends (Figure 3; Figures S1–S3 in Supporting Information S1). Upper Cretaceous sedimentary wedges 
are generally thicker than Cenozoic wedges. In addition, the extent of Upper Cretaceous sedimentary wedges is 
limited by major facture zones, whereas Cenozoic wedges are spread over wider unconfined areas. This suggests 
that fracture zones formed bathymetric barriers for sediment transport during the Late Cretaceous and were then 
buried in the Cenozoic.

4.1.2.  Offshore Accumulation Histories

The Sierra Leone-Liberia Basin recorded a steady increase in accumulated volumes over the Late Cretaceous 
(from ∼7.4 to ∼12 × 10 4 km 3 between 104 and 66 Ma; Figure 4a; Table 1). Accumulation rates remained relatively 
low during the early post-rift (latest Albian-Campanian; 104–72 Ma; ∼7.1 to ∼9.3 × 10 3 km 3/Myr; Figure 4d), 
increased to the highest value at the end of the Cretaceous (Maastrichtian; 72–66 Ma; ∼20.1 × 10 3 km 3/Myr) and 
decreased to the lowest in the Cenozoic (66–0 Ma; ∼5.4 × 10 3 km 3/Myr; Figure 4b).

The Ivory Coast-Ghana Basin recorded three highs in accumulation rates (Figure 4d). From low values during the 
Late Cretaceous (latest Albian-Cenomanian; 104–94 Ma; 14.3—6.8 × 10 3 km 3/Myr), accumulation rates increased 
up to the end of the Cretaceous (Maastrichtian; 72-66 Ma; ∼13.3 × 10 3 km 3/Myr). They then decreased to the 
minimum value in the Eocene (56-34 Ma; ∼3.2 × 10 3 km 3/Myr) and increased again to the maximum value in the 
Early Oligocene (34-31 Ma; ∼18.3 × 10 3 km 3/Myr). During the Neogene (23-0 Ma), they first decreased (from 
∼4.6 to ∼5.8 × 10 3 km 3/Myr) before increasing to the final high of the Plio-Pleistocene (∼12.3 × 10 3 km 3/Myr).

In the Togo-Benin Basin, because we used non-extrapolated cross-sections (i.e., without the distal part of 
the sediment wedge), accumulated volumes and accumulation rates are lower than in the other two basins 
(Figures 4e and 4f). Accumulation history in the proximal part of the rifted margin recorded three highs, in 
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the latest Albian-Cenomanian (104-94  Ma; ∼3.5  ×  10 3  km 3/Myr), the Campanian-Maastrichtian (85-66  Ma; 
∼2.7 × 10 3 km 3/Myr) and the Late Miocene (11.6–5.3 Ma, ∼5.6 × 10 3 km 3/Myr) and a low in the Paleocene-Early 
Miocene (66-16 Ma; ∼0.7–1 x10 3 km 3/Myr).

4.1.3.  Uncertainties Associated With Accumulation Histories

Uncertainties estimated for accumulation rates range between 0.1 and 12.0 × 10 3 km 3/Myr, that is, they represent 
generally less than 50% of the average accumulation rate (Figure 4; Table 1). The only exception is the uncertainty 

Loc Sample Long Lat

Denudation (m) Denudation rate (m/Ma)

0–30 30–65 65–85 85–100 100–120 120–135 Total 0–30 30–65 65–85 85–100 100–120 120–135

GU GN13 −9.53 10.02 440 320 160 200 280 160 1,560 15 9 8 13 14 11

GU GN16 −9.76 9.71 480 520 360 200 360 160 2,080 16 15 18 13 18 11

GU GN18 −9.81 9.34 360 280 240 120 200 80 1,280 12 8 12 8 10 5

GU GN19 −10.23 9.41 600 120 160 120 360 160 1,520 20 3 8 8 18 11

GU GN31 −9.31 8.40 360 240 280 320 520 360 2,080 12 7 14 21 26 24

GU GN33 −9.25 8.69 360 240 280 320 520 360 2,080 12 7 14 21 26 24

GU GN34 −9.10 8.88 440 440 320 200 240 200 1,840 15 13 16 13 12 13

GU GN36 −9.18 9.21 560 −40 280 200 400 280 1,680 19 −1 14 13 20 19

GU GN37 −9.17 9.21 560 −40 280 200 400 280 1,680 19 −1 14 13 20 19

IV YAL −7.56 7.77 200 160 40 80 200 0 680 7 5 2 5 10 0

IV YOR −7.39 7.48 440 480 280 280 440 15 14 14 19 22 0

BE BN13 1.51 10.01 680 480 80 0 −80 −80 1,240 23 14 4 0 −4 −5

BE BN14 1.19 10.76 −120 120 200 120 120 160 820 −4 3 10 8 6 11

BE BN15 1.28 10.61 −120 120 200 120 120 160 820 −4 3 10 8 6 11

BE BN16 1.32 10.56 −120 120 200 120 120 160 820 −4 3 10 8 6 11

BF BF1 −1.25 12.62 240 240 120 120 120 120 960 8 7 6 8 6 8

BF BF2 −1.92 11.35 200 200 120 80 120 80 800 7 6 6 5 6 5

BF BF3 −1.98 12.68 240 280 160 120 200 120 1,120 8 8 8 8 10 8

BF BF4 −0.25 12.25 200 200 120 80 120 80 800 7 6 6 5 6 5

BF BF5 −1.93 12.02 240 200 80 160 120 80 880 8 6 4 11 6 5

BF BF7 −3.20 10.67 120 120 80 0 120 80 520 4 3 4 0 6 5

GH 155 −2.03 10.67 1,280 −200 −160 40 400 1,400 3,120 43 −6 −8 3 20 93

GH 16 −0.89 10.81 720 360 −80 −120 −160 0 1,080 24 10 −4 −8 −8 0

GH 172 −2.28 10.76 920 400 40 40 200 560 2,160 31 11 2 3 10 37

GH 223 −2.46 9.90 920 −120 0 200 920 1,320 3,360 31 −3 0 13 46 88

GH 252 −2.18 8.88 200 160 80 40 80 80 640 7 5 4 3 4 5

GH 278 −2.70 9.54 1,040 120 80 80 200 240 1,760 35 3 4 5 10 16

GH 369 −2.37 9.23 880 −160 −120 −40 40 160 1,080 29 −5 −6 −3 2 11

GH 43 −2.43 8.93 1,160 680 −120 −120 −200 −40 1,840 39 19 −6 −8 −10 −3

GH 446 −2.16 8.79 320 600 320 160 80 0 1,480 11 17 16 11 4 0

GH 598 −1.90 10.19 1,480 160 −200 −40 40 280 1,960 49 5 −10 −3 2 19

GH 80 −0.28 11.04 880 640 120 0 −80 −120 1,440 29 18 6 0 −4 −8

Note. Negative denudation is burial. Data sources are Wildman et al. (2022) for Guinea (GU) and Ivory Coast (IV); Wildman et al. (2018) for Benin (BE); Gunnell (2003) 
for Burkina Faso (BF); Fernie et al. (2018) for Ghana (GH).

Table 3 
Estimated Denudation and Denudation Rates per Time Interval (135–120 Ma, 120–100 Ma, 100–85 Ma, 85–65 Ma, 65–30 Ma, and 30–0 Ma) for Samples Not 
Located on the Transects of Table 2
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Figure 5.  Topographic and incremental denudation transects in (a) Guinea, (b) Ivory Coast and (c) Benin. Sample names are 
indicated along the topographic profiles above locations shown by circles. The samples modeled together are indicated by 
square brackets. See location of samples and transects in Figure 2.
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in the accumulation rate estimated between 34 and 31 Ma in the Ivory Coast-Ghana Basin that reaches 65% for a 
very high accumulation rate (Figure 4d; Table 1).

The resampled accumulation rates allow to include the time span effect (Figure S5 in Supporting Informa-
tion  S1; Sadler  (1999)). In the Sierra Leone-Liberia and Ivory Coast-Ghana Basins, the resampled accumu-
lation rates for the Late Cretaceous (104–66  Ma) increase although to lower values than the non-resampled 
Campanian-Maastrichtian interval (83–62 Ma; Figures S5d and S5e in Supporting Information S1). In the Ivory 
Coast-Ghana and Togo-Benin Basins, the Paleocene-Eocene low (66–34 Ma) and Middle-Late Miocene high 

Figure 6.  (a) Schematic representation of the approach used to estimate the denudated volumes for each margin segment using (1) the denudation rate measured along 
the transect (Figures 2 and 5), (2) the length of the margin segment (600 km for Sierra Leone-Liberia; 700 km for Ivory Coast—Ghana) and (3) a width of the coastal 
area ranging from 100 to 350 km. (b) Denudation/accumulation budget for the Sierra Leone—Liberia Basin and (c) Ivory Coast - Ghana margin segments. Volumetric 
accumulation rate values are resampled for time increments identical to those of the denudation rates. Volumetric denudation rates and associated uncertainties are 
estimated from Cenozoic paleo-landform remnants after Grimaud et al. (2018) (red dots with uncertainties) and from LTT data (black dots with uncertainties).
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(ca. 16–5.3 Ma) are preserved in the resampled accumulation rates (Figures S5e and S5f in Supporting Informa-
tion S1). However, in the Ivory Coast-Ghana Basin, the Early Oligocene (34-31 Ma) high is not reproduced in the 
resampled accumulation rates (Figure S5e in Supporting Information S1). Overall, even including the uncertain-
ties and the time-span effect, our results firmly establish a general increase in accumulation rates during the Late 
Cretaceous and low values in the Paleocene-Eocene.

4.2.  Onshore Denudation Histories

4.2.1.  Denudation Histories

Denudation histories derived from LTT data show different patterns along the rifted margin (Figure 5; Table 2). 
In Guinea, the coastal and cratonic interior samples show contrasting denudation histories (Figure 5a). The total 
denudation since 135 Ma is higher (over 3 km) within a narrow coastal area (within 100–200 km from the coast) 
than in the inland cratonic interior (less than 2 km; Figure 5a). Between 135 and 90 Ma, coastal samples recorded 
denudation rates of 30–50 m/Myr, while cratonic interior samples recorded decreasing denudation rates from 
∼20 to 4–8 m/Myr (Figure 5a). Afterward, all samples recorded slow or negligible denudation rates (<10 m/
Myr; Figure 5a).

Similarly, in Ivory Coast, total denudation since 135 Ma is higher (by ∼3 km) within a narrow coastal area than in 
the cratonic interior (<2 km; Figure 5). Coastal samples recorded high denudation rates (up to 100 m/Myr) during 
the Early Cretaceous (135–100 Ma), followed by very low denudation rates afterward (∼10 m/Myr; Figure 5b).

In Benin, the denudation transect has 4 segments (see Wildman et al., 2018) (Figure 5c). The northernmost and 
southernmost segments correspond to the Iullemmeden Basin and the coastal embayment, respectively. The inter-
vening domain may be divided into two segments. The northern one constitutes a <100 km-wide segment of very 
low overall denudation, fringing the Iullemmeden Basin (i.e., the intracratonic basin fringe). The southern one 
occupies a 200 km wide strip of high overall denudation in between the coastal embayment and the intracratonic 
basin fringe (i.e., cratonic domain). The striking feature of the Benin transect is Early Cretaceous (135–100 Ma) 
high denudation rate (up to 140 m/Myr) compared to the adjoining continental domains. Over that same period, 
samples were moderately buried in the Iullemmeden Basin. After 100 Ma, denudation rates remained very low 
across the entire Benin transect (<10 m/Myr). Farther inland, that is, beyond the denudation transects, denudation 
rates remained very low except very locally in relation to the reactivation of Precambrian shear zones (Fernie 
et al., 2018).

4.2.2.  Uncertainties Associated With Denudation Histories

Uncertainties associated with denudation estimates mainly result from the uncertainties in thermal history models, 
the lower sensitivity of LTT above the partial annealing/retention zone and the paleo-geothermal gradient used. 
Uncertainties in thermal history models correspond to the 95% credible intervals (Figure S7 in Supporting Infor-
mation S1) and result in uncertainties on denudation rates between ±20% for well-constrained thermal events 
(i.e., rapid cooling) to over ±200% for less constrained events (i.e., slow cooling or cooling above the partial 
annealing/retention zone). As limited data are available for revealing the changes of the paleo-geothermal gradi-
ent through time, actual uncertainties related to the paleo-geothermal gradient are difficult to evaluate. Wildman 
et al.  (2022) estimated uncertainties associated with paleo-geothermal gradients ranging from 20 to 70°C/km 
on these denudation estimations. They showed that the gradient does not affect the spatial and temporal trends 
observed along the denudation transect. Nonetheless, it is conceivable that paleo-geothermal gradients might 
have been higher along the margin than in the cratonic interior, especially during rifting when the continental 
crust was being thinned and the mantle was concomitantly rising (e.g., Clift et al., 1997). If so, the Early Creta-
ceous denudation rates may be overestimated near the coast (i.e., in the coastal strip of Guinea and Ivory Coast 
margin segments and in the Benin embayment; Figure 5). Still, assuming a very high paleo-geothermal gradient 
of 50°C/km during the Early Cretaceous for these samples would only reduce the estimated denudation rates by 
a factor of 2. They would remain as high as 50–70 m/Myr for the samples close to the coast in Guinea and Ivory 
Coast and north of the coastal embayment in Benin, that is, significantly higher than in the cratonic domain. Thus, 
uncertainties on paleo-geothermal gradient alone does therefore not alter the spatial and temporal trends observed 
along the denudation transect. In other words, during rifting, high denudation rates were restricted to the coastal 
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domain in Guinea and Ivory Coast (and north of the coastal embayment in Benin), whilst low denudation rates 
prevailed over the entire domain afterward.

5.  Discussion
5.1.  Onshore Denudation Dynamics

During the Equatorial Atlantic rifting (135–104  Ma), we document a pattern of denudation at the scale of 
sub-saharan West Africa with high denudation rates (up to ∼140 m/Myr) within a narrow strip (100–250 km 
wide) along the rifted margin, while the remaining part of the cratonic domain underwent slow and monotonic 
denudation (<10–20 m/Myr; Figure 5). Afterward (104-0 Ma), the whole continental domain underwent slow 
and monotonic denudation (<10 m/Myr Figure 5).

Thermochronology data of Wildman et al. (2022) show that the only event significantly affecting the thermal 
structure of the West African lithosphere at a regional scale has been the Equatorial Atlantic rifting and that it 
has been stable since. The initially faster denudation strip along the rifted margin during the Equatorial Atlantic 
rifting and immediately after was most probably driven by the erosion of the rift-related relief. Indeed, the width 
of the higher denudation domain (few hundreds of km) falls within the range expected for flexural rift-shoulder 
relief produced by crustal thinning (e.g., Buck, 1991; van der Beek et al., 1994). In Benin, the denudation domain 
is located north of the embayment and is wider than that in Guinea and Ivory Coast. This is probably related to 
more complex rifting kinematics controlled by structural inheritance (Fernie et al., 2018; Wildman et al., 2018).

After rifting, denudation rates in the high denudation domains dropped to very low cratonic values (∼10 m/Myr; 
Figures 6d and 6e). This is consistent with rapid relaxation of rift-related relief after break-up as documented 
along the Central and South Atlantic rifted margins (Rouby et al., 2013). This shows that the steady cratonic 
regime of very low denudation at the scale of the study area, previously documented after 45 Ma by Beauvais and 
Chardon (2013), was in fact established earlier, ca. 100 Ma. In other words, both thermal and denudational histo-
ries demonstrate that no major regional rock uplift occurred over sub-saharan West Africa during the Cretaceous 
and the Cenozoic besides the rift-related relief build-up and erosion in the Early Cretaceous.

5.2.  Post-Rift Accumulation History

At the scale of the African Equatorial Atlantic rifted margin, our estimation of the post-rift accumulation history 
shows an increase in accumulation rates during the Late Cretaceous, a decrease during the Paleogene and an 
increase during the Neogene (Figures 4 and 6). Our data complement existing estimates of post-rift sediment 
fluxes of the African Atlantic rifted margin basins between the Senegal and the Orange Basins (i.e., Baby 
et al., 2020; Grimaud et al., 2018; Lodhia et al., 2019; Paul et al., 2014) (Figure 7).

In the Paleocene and Eocene, the whole African Atlantic rifted margin recorded very low accumulation, cool-
ing and denudation rates (Figure 7). This suggests a relief stability (i.e., no significant regional rock uplift) at 
the scale of the study area at the time. At that time, the resampled accumulation rates and the denudation rates 
estimated from the paleo-landform remnants by Grimaud et al. (2018) were remarkably consistent (Figures 6b 
and 6c). We interpret this very low denudation/accumulation regime to be linked to a specific climate favoring 
weathering and sequestration of terrigenous sediments on the continents. Indeed, during this period, carbonate 
platforms developed in all the coastal basins (e.g., Bennett & Rusk, 2002; Roberts et al., 2007), as well as wide 
spread deposition of basic chemical sedimentary associations of chert, flint, phosphate, dolomite, glauconite 
and montmorillonite, with attapulgite as the dominant clay mineral (Millot, 1970). Very low clastic inputs and 
correlative chemical sedimentation are primarily linked to extreme chemical weathering that produced extensive 
thick, lateritic weathering mantles (including bauxites) over most of the continent at the time (Chardon, 2023; 
Valeton, 1991). Such a cratonic weathering regime, known as biostasy (Erhart, 1956, see Chardon, 2023), was 
produced by the global greenhouse climate peaking at the Early Eocene climatic optimum (Zachos et al., 2001) 
and affected the shields of the southern continents (Bardossy & Aleva, 1990; Chardon, 2023; Prasad, 1983). 
Continental-scale biostasic chemical weathering enhanced production and storage of clastic sediments in thick 
forest-protected soils and favored solute riverine exports to the ocean and, ultimately, estuarian and marine chem-
ical sedimentation (e.g., Millot, 1970).
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Dryer climates and increased climate seasonality accompanying long-term global cooling after the Eocene (e.g., 
Clift, 2010), as well epeirogeny due to asthenosphere dynamics below Africa (Burke et al., 2003) contributed 
to reactivating clastic sedimentary fluxes around the continent (e.g., Baby et al., 2020; Grimaud et al., 2018) 
(Figures 4, 6, and 7). During that post-Eocene period, the resampled accumulation rates and the denudation rates 

Figure 7.  Compilation of solid sediment flux (10 3 km 3/Myr) along the African Atlantic rifted margins. The topographic map of the African continent shows today’s 
main watersheds (black dashed lines) and rivers (blue lines). Solid sediment fluxes of the Sierra Leone-Liberia (SL-LB), Ivory Coast-Ghana (IC-GH) and Togo-Benin 
(TG-BN) basins are from this study. Fluxes for Senegal from Lodhia et al. (2019), Niger from Grimaud et al. (2018), and Congo from Paul et al. (2014). Fluxes for 
Walvis (Wa.), Lüderitz (Lü.) and Orange (Or.) are from Baby et al. (2020).
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estimated from the paleo-landscape remnants by Grimaud et al. (2018) are still remarkably consistent (Figures 6b 
and 6c).

In contrast, in the Late Cretaceous, West and South African Atlantic rifted margin basins show different accu-
mulation histories. In South Atlantic African basins, accumulation rates mark a peak between 80 and 100 Ma 
(Baby et al., 2020; Guillocheau et al., 2011; Rouby et al., 2009). This peak has been related to the en masse 
uplift of the South African sub-continent, as suggested by contemporaneous high denudation rates recorded by 
low-temperature thermochronological data (Baby et al., 2020; Stanley et al., 2015; Wildman et al., 2017). In West 
African Equatorial Atlantic basins, we also document a Late Cretaceous increase in accumulation rates but with a 
peak toward the end of the Cretaceous (72—66 Ma i.e., Maastrichian; Figures 4 and 6). Thermal and denudation 
histories show that West Africa did not undergo significant regional uplift after Equatorial Atlantic rifting (ca. 
104 Ma. Figure 5). Prolonged stability of the cratonic hinterland is corroborated by the extremely low accumu-
lation rates in the Central Atlantic Senegal basin in the late Cretaceous (Lodhia et al., 2019; Sahabi et al., 2004) 
(Figure 7). Over the same period, the volume produced by denudation of the continental domain along the Guinea 
and Ivory Coast margin segments, as estimated from LTT data, decreased while the accumulation rates increased 
(Figures 6b and 6c). This decrease in denudation rate can be related to the long-term Phanerozoic peak in green-
house climate and eustatic sea level in the Cenomanian-Turonian (e.g., Haq,  2014; Huber et  al.,  2018). This 
greenhouse climate must indeed have had a comparable - if not greater - impact on sediment export to the oceans 
than the early Paleocene-Eocene greenhouse on the sequestration of clastic sediments on land. Therefore, the 
Late Cretaceous increase in sediment supplies to Equatorial Atlantic basins from West Africa under a generally 
low erosional regime was not driven by continental uplift like in South Africa or by climate cooling. It had to be 
driven by the drainage network expansion, that is, by an increase in drainage areas of rivers feeding the sedimen-
tary basins of the rifted margin.

5.3.  An Integrative Source-To-Sink Model of the Margin Long-Term Evolution

Our results allow us to establish an integrative source-to-sink model for the Ivory Coast margin segment (Figure 8). 
During Equatorial Atlantic rifting (135–104 Ma), we have no estimation of the accumulation history. During that 
period (135–100 Ma), sediment accumulated in fault bounded tilted block depocenters (e.g., Antobreh et al., 2009; 
Brownfield & Charpentier, 2006). Continental denudation was focused on a denudation strip near the coast in 
Guinea and Ivory Coast, which we interpret as the erosion of the rift-related relief (Figures 5 and 8a). This relief 
must have been drained by two types of river systems: (a) short and steep coastal drainages on the ocean side of 
the rift shoulders, feeding the rifted margin basins (e.g., Gallagher & Brown, 1999; Summerfield, 1991) and (b) 
wider and gentler drainages on the continent side of the rift shoulders, feeding a large intracratonic basin that is, 
the Saharan basin of Ye et al. (2017).

During the immediate post-rift period (104–94 Ma), the rift-related relief was still being eroded more actively 
than the cratonic hinterland (Figures 5 and 8a). Accumulation rates in the Sierra Leone—Liberia and Ivory Coast 
basins were similar (ca. 8 km 3 10 3/Myr; Figure 7) and sediment accumulation was geographically constrained by 
major facture zones (Figure 3).

In the Late Cretaceous (94–66 Ma), denudation rates within the coastal strip dropped down to values similar 
to those of the cratonic interior (Figure 5). This suggests that the rift related reliefs were mostly eroded away 
at the time and that the relief of the whole cratonic domain remained very stable (Figure 8b). Over the same 
period, accumulation rates in the Sierra Leone –Liberia and Ivory Coast basins were similar and both increased 
(Figures 4 and 7). That increase in sediment supply must have been driven by an increase in the area of the 
coastal drainage basins feeding the rifted margin basins by inlandward retreat of the continental divide. Along 
with Gallagher and Brown (1999), Gilchrist and Summerfield (1990), and Summerfield (1991), we attribute this 
retreat to landward erosion sustained by long-term flexural isostasy of the margin that maintained a dual (i.e., 
inlandward and oceanward) drainage systems long after rifting (Figure 8b). According to this model, the length 
of the coastal drainages must have therefore increased hinterlandward while their slopes decreased (e.g., Gilchrist 
& Summerfield, 1990). Over that period, accumulation was still constrained by major facture zones (Figure 3).

In the Paleogene, both the denudation rates of the hinterland and accumulation rates in the rifted margin basins 
dropped (Figures 5 and 7) because of the stability of cratonic relief and of the development of thick lateritic 
weathering mantles produced by the peak greenhouse climate (Figure 8c). Offshore, the accumulation was not 
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Figure 8.  Schematic evolution of the relief and sediment routing systems of the Ivory Coast margin during (a) the syn-rift and early post-rift of the Equatorial Atlantic 
rift (Early Cretaceous), (b) the Late Cretaceous and (c) Early Cenozoic. Not to scale.
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constrained by fracture zones anymore, suggesting that the associated bathymetric barriers subdued in the Ceno-
zoic (Figure 3). Limited Paleocene-Eocene offshore sedimentation was characterized by lithologies typical of 
biostasy, such as abundant carbonate precipitation and generalized chemical sedimentation.

In the Neogene (<23 Ma) period, denudation rates of the hinterland remained very low (Figure 5) but accumula-
tion rates in the rifted margin basins increased (Figures 4 and 7) (Grimaud et al., 2018). This can be related to the 
long-term global cooling after the Eocene that favored mechanical erosion. Nevertheless, Chardon et al. (2016) 
and Grimaud et al. (2018) documented the impact of the growth of the Hoggar hotspot swell on the drainage 
network organization at the end of the Eocene, resulting in an increase in clastic sediment fluxes.

6.  Conclusion
We established the first very long-term (i.e., since 100 Ma) source-to-sink sedimentary budget of sub-saharan 
West Africa and its Equatorial Atlantic rifted margin using published low-temperature thermochronological data 
to estimate onshore denudation and regional cross-sections to estimate offshore accumulation.

The major geodynamic event that significantly affected the cratonic source-to-sink regime of the margin was the 
Equatorial Atlantic rifting. We show that during rifting and immediate post-rift (130–94 Ma), the rise and subse-
quent erosion of the rift-related relief (i.e., rift shoulders) focused high denudation rates (up to 50–100 m/Myr) 
along the rifted margin, while the rest of the continental domain underwent steady and very low denudation rates 
(<10 m/Myr).

After the immediate post-rift, the whole continental domain underwent only very low and steady denudation 
rates, indicating a stable cratonic relief. Thus, the spatial and temporal variations in accumulation rates in the 
rifted margin basins were controlled by climate change that modified erosion processes and/or by changes in the 
size of the drainage areas that modified the sediment routing. In particular, the Late Cretaceous regional increase 
in accumulation rates was driven by the increase in the drainage areas feeding the basins by a landward migra-
tion of the continental divide. By contrast, Paleogene plate-scale decrease in accumulation rates (in the Central, 
Equatorial and South Atlantic rifted margin basins) was driven by the global greenhouse climate developing thick 
lateritic weathering mantles storing sediments on the continent and favoring solute riverine exports to the ocean. 
Neogene resumption of clastic sedimentation responded to both asthenosphere-lithosphere interactions (hot spot 
swell growth) and mechanical erosion-prone cooler/dryer climates.

Data Availability Statement
All data on sedimentary basins used in this work are published (Antobreh et al., 2009; Bennett & Rusk, 2002; 
Brownfield & Charpentier, 2006; Davison et al., 2016; Delteil et al., 1974; Edwards et al., 1997; Gillard et al., 2017; 
Kjemperud et  al.,  1992; Lamarche et  al.,  1997; Lehner & De Ruiter,  1977; Olyphant et  al.,  2017; Pautot & 
Renard, 1973; Sage et al., 1997, 2000; Scarselli et al., 2018; Ye et al., 2019) except for complementary subsurface 
data (seismic section and calibration wells) used to calibrate the proximal part of the geological cross-sections 
that we accessed within the « Transform Source To Sink » collaboration project (TotalEnergies-CNRS) and that 
are under restrictive proprietary license (TotalEnergies) and thus not open for distribution. Replication data are 
available in Rouby (2023).
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