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Abstract The sedimentary archive preserved at passive margins provides important clues about the
evolution of continental topography. For example, histories of African uplift, erosion, and deposition of
clastic sedimentary rock provide information about mantle convection. Furthermore, relating histories of
uplift and erosion from regions where sediment is generated to measurements of efflux is important for
understanding basin evolution and the distribution of natural resources. We focus on constraining
Mesozoic to Recent solid sedimentary flux to northwest Africa's passive margin, which today is fed by
rivers draining dynamically supported topography. Histories of sedimentary flux are calculated by mapping
stratigraphy using seismic reflection and well data courtesy of Tullow Oil Plc and TGS. Stratigraphic ages,
conversion from two-way time to depth and compaction, are parameterized using biostratigraphic and
check-shot records from exploration, International Ocean Discovery Program and Deep Sea Drilling
Project wells. Results indicate that Late Cretaceous to Oligocene (~100-23 Ma) sedimentary flux decreased
gradually. A slight increase in Neogene sedimentary flux is observed, which is concomitant with a change
from carbonate to clastic sedimentation. Pliocene to Recent (~5-0 Ma) flux increased by an order of
magnitude. This history of sedimentary flux and facies change is similar to histories observed at other
African deltas. To constrain sources of sedimentary flux, 14,700 longitudinal river profiles were inverted to
calculate a history of continental uplift. These results were used to parameterize a simple “source-to-sink”
model of fluvial erosion and sedimentary efflux. Results suggest that increased clastic flux to Africa’s deltas
from ~30 Ma was driven by denudation induced by dynamic support.

1. Introduction

Records of clastic efflux to passive margins contain information about histories of tectonic and erosional pro-
cesses. They provide clues about longevity of topography and erosional processes, and in regions of dynamic
support the sedimentary archive can constrain length scale and time scale of mantle convective processes
(e.g., Allen, 2008; Clift & Sun, 2006; Czarnota et al., 2014; Lodhia et al., 2018; Rouby et al., 2009; Somme
et al., 2011; Walford et al., 2005). Furthermore, constraining sources of sedimentary rock and their history
of deposition is critical for understanding the origin and distribution of natural resources including hydro-
carbon reservoirs (e.g., Somme et al., 2011; Vear, 2005). Our approach to tackling these problems centers
on measuring rates of sedimentary efflux to passive margins recorded by stratigraphy and using continental
drainage patterns to predict histories of uplift rate, erosion, and sedimentary flux in source regions. We focus
on calculating rates and volumes of Mesozoic to Recent solid sedimentary flux to the Mauritanian margin
of West Africa, which is drained by several large rivers that are sourced atop long wavelength, dynamically
supported, topographic swells (Figures 1 and 2).

1.1. African Uplift

It is generally accepted that convective flow in the sublithospheric mantle has generated African topogra-
phy during the last 30 Ma (e.g., Burke, 1996; Moucha & Forte, 2011; Nyblade & Robinson, 1994; Paul et al.,
2014; Rudge et al., 2015). Its topography is strongly bimodal. Subequatorial Africa is characterized by a
broad superswell with a wavelength of O(10*) km, while northern Africa is generally low lying (Nyblade &
Robinson, 1994). Superimposed on this bimodal framework are smaller domal swells with wavelengths of
0(10%) km (Burke, 1996; Holmes, 1944). Widespread volcanic activity, basin subsidence, uplifted domes (e.g.,
Bié, Hoggar, Tibesti and Fouta Djallon; Figures 1 and 2), and extension at the East African Rift characterize
present-day African topography (e.g., Burke, 1996; Crosby et al., 2010; Moucha & Forte, 2011). Estimates of
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Figure 1. African topography, drainage, and sedimentary rock offshore. Black lines onshore = drainage networks
extracted from 90 x 90 m Shuttle Radar Topography Mission data set. Thick black lines = principal African rivers,
S = Senegal,V = Volta, N = Niger, C = Congo, O = Orange, L = Limpopo, Z = Zambezi, J = Jubba-Shebelle

and Ni = Nile. Topographic swell labels: A = Atlas, F = Fouta-Djallon, H = Hoggar. T = Tibesti, D = Darfur,

Cm = Cameroon, B = Bie, Nb = Namibia, Sa = South Africa, E = Ethiopian Plateau. Continental basins labeled
Co = Congo and Ch = Chad. Thin hatching pattern covers region with unreliable drainage extraction. Offshore
sediment thickness from Whittaker et al. (2013). Contours indicate thicknesses of 2 and 4 km.

dynamic topography calculated using long wavelength (800-2,500 km) components of the EIGEN6c GOCE
gravity field and an admittance Z = 35 + 10 mGal/km is shown in Figure 2 (Crosby et al., 2010; Forste et al.,
2014; Hoggard et al., 2017; McKenzie & Fairhead, 1997). These results imply that the Bi¢, Namibian, South
African, and North African swells (e.g., Atlas, Fouta Djallon, Hoggar, and Tibesti) are dynamically sup-
ported by sublithospheric density anomalies. Radial drainage patterns are centered on many of these swells
(Figure 2), and many areas of low topography have dendritic drainage networks (e.g., Congo; Figure 2a). If
Z = 45 + 10 mGal/km, which is probably more appropriate for central Africa, calculated subplate support
is reduced by a factor of ~0.8 (e.g., Jones et al., 2012). These observations suggest that subplate processes
determine the pattern of drainage across the African continent. A subset of these continental drainage pat-
terns have been used to invert for smooth spatiotemporal histories of uplift, which yields results that are
consistent with the notion that many of Africa's domal swells grew during the last ~ 30 Ma (Paul et al., 2014;
Pritchard et al., 2009; Roberts et al., 2012b; Rudge et al., 2015).

1.2. Northwest Africa

Bringing together observations of continental uplift and erosion with offshore sedimentary deposition is a
step toward generating a predictive framework for the African “source-to-sink” sedimentary routing system.
We focus on the northwest African margin and the Mauritanian basin, which has probably been relatively
tectonically stable following Middle Jurassic separation from Gondwana (e.g., Davison, 2005). The Mauri-
tanian basin forms the northern part of the larger Mauritania-Senegal-Guinea-Bissau-Conarky (MSGBC)
Basin. Today, this region is drained by rivers that carry sediment through the Mauritanides fold belt, which
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Figure 2. Subplate support and drainage patterns of the Mauritanian margin and its surroundings. (a) Red/white/blue
color scale = dynamic topography calculated using long wavelength (~ 800-2,500 km) free air gravity data from GOCE
data set and an admittance Z = 35 mGal/km, contour interval = 10 mGal ~ 0.35 km; if Z = 45 + 10 mGal/km, which
is probably appropriate for central Africa, calculated dynamic support is reduced by a factor of 0.8 (see, e.g., Forste

et al., 2014; Jones et al., 2012). Thin/thick black curves = drainage networks extracted from Shuttle Radar Topography
Mission digital elevation model (see Figure 1). Circles/triangles = accurate/upper or lower bound estimates of
residual ocean age-depths (Hoggard et al., 2017; Lodhia et al., 2018). (b) Residual topography in study area. Black
diamonds = exploration wells used in this study. Note radial drainage patterns atop Africa's domal swells.

(c) Geological map and offshore sedimentary thickness of West Africa (after Brownfield & Charpentier, 2003; Lodhia
et al., 2018; Whittaker et al., 2013). S = Senegal; TB = Tauodenni basin; WAC = West African craton; V = Volta.
Black/white diamonds = exploration/Ocean Discovery Program (ODP) and Deep Sea Drilling Project (DSDP) wells
used in this study. Thin black polygon offshore Mauritania = extent of seismic data. (d) Sediment thickness from
Whittaker et al. (2013). Black polygon = region covered by seismic survey used in this study; dashed lines labeled
COB = continent-ocean boundary mapped from reflection seismic data.

extends from the northern High Atlas of Morocco to southern Senegal, and disgorge into the Atlantic Ocean
(Villeneuve, 2005; Figure 2). The modern Senegal catchment drains the northern part of the Fouta Djallon
swell and delivers sediment to the Atlantic Ocean at rates of ~3 Mt/year (Milliman & Farnsworth, 2013).
Atop the Fouta Djallon swell drainage networks are arranged in a broadly radial pattern. Rivers draining into
the Atlantic margin of northwest Africa are bounded to the north by the Atlas mountains. This topographic
swell is also drained by fluvial networks with an approximately radial pattern (Figure 2). The elevation and
dip of shallow marine and lacustrine Miocene sedimentary rock indicate that the Atlas Mountains experi-
enced ~1 km of long wavelength postorogenic uplift, which has been attributed to subplate support (Babault
et al., 2008). Offshore, seismic tomography and backstripped stratigraphy indicate that mantle convective
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Table 1

Summary of Wells Used in This Study

Well Water depth (m)  First sample depth (km)  Total depth (m)  Stratigraphic range Benthonic biofacies (e.g.) Paleo-water depth

A 79 ~0.3 3,167 Eocene-Albian Triorites africaensis and Cibi-
cides lobatulus

B 172 ~1.3 4,977 Pliocene-Upper Jurassic Gabonisporis  vigourpxi &  UB-N
Lucianorhabdus compactus

C 1,266 ~2.2 3,080 Miocene Bulmina costata MB

D 281 ~1.0 2,608 Miocene-Eocene Cibicidoides grosseperforatus UB-LB

E 490 ~1.4 2,715 Miocene-Eocene Epinoides vicksburgenis UB

F 1,776 ~2.7 3,060 Miocene-Eocene Bulimina costata & Turborotalia  UB-LB
passagnoensis

G 1,120 ~2.1 2,908 Miocene-Oligocene Bulmina striata & Caenopedina  MB-LB
cubensis

H 1,414 ~1.9 3,299 Eocene-Upper Cretaceous  Cibicidoides grimsdale B

Note. Paleo-water depths are based on the following definitions from Immenhauser (2009): Neritic (N) = 0-150 m; upper bathyal (UB) = 150-500 m, middle
bathyal (MB) = 500-2,000 m; lower bathyal (LB) = >2,000 m; bathyal (B) = >150 m.

drawdown of the Mauritanian basin has led to 0.4-0.8 km of Miocene-Recent water-loaded subsidence
(Lodhia et al., 2018).

Hydrocarbon exploration offshore northwest Africa has generated a body of seismic and well data that
constrain the stratigraphy of the margin. Gas discoveries have been made in Upper Cretaceous sand-
stone reservoirs in the Pelican, Tortue, and Yakaar fields in the MSGBC Basin. Oil discoveries at the
Chinguetti and Tiof fields have been made in Cenozoic sandstone reservoirs and are probably charged by
Cenomanian-Turonian source rocks (Brownfield & Charpentier, 2003; Davison, 2005; Vear, 2005).

Our approach to mapping and examining the history of sedimentary flux to the Mauritanian basin builds on
these observations and has three steps. First, we map basin stratigraphy using two-dimensional seismic and
well data, provided courtesy of Tullow Oil Plc. and TGS. Second, the distribution of sedimentary rock in the
basin is used to calculate histories of sedimentary flux. Finally, we invert 14,700 longitudinal river profiles
from across the African continent for a Cenozoic history of uplift. These results are combined with measured
solid sedimentary flux at Africa’s major deltas to examine the relationship between subplate support, sedi-
ment routing, and deposition of clastic material at Africa’s passive margins. We show that combining uplift
histories calculated by inverting river profiles with calculated incision and sedimentary flux histories and
stratigraphic mapping offshore provides a link between sediment sources and sinks at continental scales.

2. Data

2.1. Well Data

Eight commercial wells and one International Ocean Discovery Program well were used to map stratigraphy
and provide biostratigraphic age constraints. The wells are located in the north, center, and south of the
basin and are summarized in Table 1. Planktonic foraminiferal and calcareous nannoplankton assemblages
have been calibrated using standard N and CN schemes (Table 2). The deepest well penetrated > 4 km of
Recent to Cretaceous stratigraphy (Figure 3).

2.2. Seismic and Check-Shot Data

Stratigraphy was mapped across the margin by combining well data with 38 two-dimensional seismic lines
from the TGS “Dolphin” survey, which had a 10 x 5-km grid spacing and record lengths of 8- to 10-s two-way
time. Figures 4a-4d show seismic data from the northern and southern portions of the Mauritanian basin,
and Figures 4e and 4f show a strike line that extends from the south to the north of the basin. The quality
and resolution of the seismic data are generally very good and only deteriorate beneath salt structures. A
seismic dip line that extends across the center of the Mauritanian basin is also shown in Lodhia et al. (2018).
Seven prominent acoustic impedance anomalies were identified as seismic marker horizons and mapped
across the data set. Well data are used to determine the age of these marker horizons (seabed, 5.6, 23.8, 58.4,
70.4, and 89.4 Ma, and acoustic basement; Figure 3). A regional chronostratigraphy of the Mauritanian basin
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Table 2
Biostratigraphy of Seismic Horizons Identified at Wells in This Study
Horizon (age, Ma) Type Occurrence Species Abbreviation Biostratigraphic range Well Reference
5.6 PF FO Globorotalia tumida G. tum. Present-Messinian E Wade et al. (2011)
11.4 PF LO Globorotalia mayeri G. may. Mid. Miocene-Mid. Oligocene G, C, F Bolli et al. (1989)
12.7 PF FO Globorotalia praefohsi G. prae. Mid. Miocene C,F Blow (1969), Kennett and

15.1
23.8

29.0

45.7
53.7
58.4

58.4

58.4

62.3
70.4

75.9
78.0
81.3
84.9
89.0

89.0
94.0
139.4

PF
PF

PF

PF
CN
CN

PF

CN

PF
CN

CN
PS

CN
CN
CN

PS
CN
CN

FO
FO

LO

FO
FO
FO

LO

LO

FO
LO

LO
FO
LO
LO
FO

LO
LO
LO

Srinivasan (1983), and Wade
etal. (2011)

Orbunia sp. Orb. sp. Holocene-Miocene C,F  Youngetal. (2018)

Globorotalia kugleri G. kug. Early Miocene E,G Blow(1969)and Berggrenetal.
(1995)

Globigerina increbescens G. inc. E. Oligicene-Mid. Eocene G Bandy (1949), Blow (1979),
and Leckie et al. (1993)

Turborotalia griffinae T. grif. Eocene D Olsson et al. (2006)

Sphenolithus editus S. edit. Early Eocene B Perch-Nielsen et al. (1978)

Fasciculithus bitectus F. bit. Paleocene H Romein (1979) and Monechi
et al. (2013)

Globanomalina pseudomenardii G. psdm. Paleocene A Bolli, (1957, 1957) and Olsson
et al. (1999)

Cruciplacolithus tenuis C. ten. Paleocene B Perch-Nielsen (1977) and
Varol (1989)

Globigerina angulata G. ang. Paleocene A Olsson et al. (1999)

Tranolithus phacelosus T. phac. Cretaceous B Brown et al. (1998) and
Burnett (1998)

Lithastrinus grilli L. gril. Late Cretaceous B Burnett (1998)

Rosita fornicata R. forn. Cretaceous A Plummer (1931)

Bukryaster hayi B. hayi Late Cretaceous B Burnett (1998)

Lithastrinus moratus L. mor. Late Cretaceous B Burnett (1998)

Marthasterites furcatus M. fur. Late Cretaceous B Bolli et al. (1989) and Burnett
(1998)

Triorites africaensis T. afr. Cretaceous A Jardiné and Magloire (1965)

Rotalipora cushmani R. cush. Cretaceous B Sigal (1948)

U. gr. granulosa U grgr. Cretaceous-Jurassic B Bralower et al. (1989)

Note. Seismic horizons in bold are correlated across the basin (Figures 3 and 4), depth converted and decompacted (Figure 6) to calculate solid sedimentary flux
(Figure 7). PF = planktonic foraminifera, CN = calcareous nannofossil, PS = palynofossil, FO = first occurrence, LO = last occurrence.

produced using seismic and well data is shown in Figure 5. Ages of hydrocarbon source rock and reservoir
intervals are from Vear (2005) and Davison (2005).

2.3. Continental Drainage and Dynamic Topography

A digital elevation model (DEM) of the African continent was generated using the 3-arcsecond Shuttle Radar
Topography Mission data set, which has a resolution of ~ 90 x 90 m (Farr et al., 2007). Hancock et al. (2006)
tested the vertical and horizontal accuracy Shuttle Radar Topography Mission data by benchmarking against
GPS measurements on spatial scales of 10'~10° m, yielding values of +16 and +20 m, respectively. In order
to extract longitudinal river profiles, anomalous spikes and sinks were first removed from the DEM. Flow
routing algorithms in the Esri software package, ArcGIS, were used to identify the direction of steepest
descent. The number of cells upstream of any given cell was calculated, and a threshold drainage area (4 km?)
determined the minimum number of cells which contribute to the initiation of overland flow. A total of
14,700 rivers has been extracted from the DEM and verified using LandSat satellite imagery (Figure 1).

3. Methodology

3.1. Solid Sedimentary Flux
3.1.1. Regional Velocity Model and Depth Conversion

All wells are approximately vertical (i.e., they have minimal horizontal deviations) and have time-depth
(check shot) measurements that are broadly similar. These observations suggest that a one-dimensional

LODHIA ET AL.
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Figure 3. Mauritanian stratigraphy. Correlation of stratigraphy recorded in wells. Biostratigraphy including first and
last occurrences and age are abbreviated in this figure and described in Table 2. Inset map shows location of wells
(see Figure 2d).

velocity model is probably appropriate. Mean time-depth values were used to generate a velocity model
that has the form z(¢) = 0.0017¢ + 0.9¢ — 34, where t = two-way travel time in milliseconds. The velocity
model, extrapolated at depths > 4.5 km, is shown in Figure 6 (see supporting information). We acknowl-
edge that more complete velocity models could be used to improve accuracy of depth conversion along the
margin. Stratigraphic horizons were interpolated between the depth-converted seismic lines and wells using
continuous curvature splines (Smith & Wessel, 1990; supporting information). One standard deviation of
observed time-depth pairs from all wells and a range of compaction parameters were propagated through
depth conversion and decompaction calculations to estimate uncertainties in solid sedimentary flux.

3.1.1. Compaction Parametrization and Decompaction

In order to calculate solid sedimentary flux, we must first correct for compaction caused by sedimentary
loading. Porosity, ¢, was parameterized using Athy, 's (1930) formulation,

¢=d,exp(-2). M

LODHIA ET AL.
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inset map = location of seismic dip line shown in Lodhia et al. (2018). Seismic data provided courtesy of TGS.

The initial porosity, ¢,, and compaction wavelength, A, were constrained as follows. First, a simple
relationship between velocity as a function of depth, v(z), and compaction, was assumed such that

1 _9Q , 190 @

vz v, Vg

where v, is pore fluid velocity and v, is solid grain velocity (Wyllie et al., 1956). For seawater, v, = 1.5 km/s.
We assume that vy, = 5.5+0.5 km/s, which is appropriate for a mixture of sand and clay (Christensen, 1982).
Since two-way time, t = 2 /Oz dz/v(z), we can combine equations (1) and (2) to obtain

%=£+¢°A<l—i> [l—exp<—%)]. (3)

sg w 1)sg
We seek the minimum root-mean-square (rms) misfit between observed and theoretical time-depth values

by varying ¢, and A, such that we minimize

“)

rms =

where t, and ¢, are observed and calculated times. N is the number of time-depth measurements (Figure 6).

We remove the effects of loading (i.e., decompact) and calculate the solid thickness of a sedimentary layer,
T,,1> such that

sol»

Tsoz=zz—zl+¢ofl[eXp (—%2) —exp (—%)] (3)
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Figure 5. Mauritanian chronostratigraphy and biostratigraphy. Up/down arrows = first/last occurrences of planktonic
foraminifera, calcareous nannofossils, and palynofossils used to constrain ages of seismic horizons across the
Mauritanian margin.

which corrects for the effects of compaction. We used the compaction parameters, ¢, = 0.75 + 0.1,
A = 2.66 + 1.2 km, that best fit the mean time-depth pairs of all check-shot data in our selected wells
(Figure 6). z, and z, are the depths of the top and bottom of a seismic interval, respectively (e.g., Walford et al.,
2005). Solid sedimentary thickness of rock in the Mauritanian basin is shown in Figure 7. Solid sedimentary
fluxes are summarized in Table 3 and are shown in Figures 7 and 8 (see supporting information).

3.2. Inverse Modeling of Drainage
To investigate the source of sedimentary flux to Africa’s passive margins, we began by inverting the drainage
inventory for a history of Cenozoic uplift rates. First, a suitable forward model has to be defined. The rate of

LODHIA ET AL.
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Figure 6. Depth conversion and compaction. (a) Black circles = check-shot data for wells on the Mauritania margin
(see Figure 2d; (Lodhia et al., 2018)). Best fitting compaction parameters (initial porosity, ¢,, and compaction
wavelength, 1) were determined by minimizing misfit between mean of observed check-shot data (gray curve) and
calculated time-depth curves. Best fitting time-depth curve (solid red line) was generated using compaction parameters
shown by red cross in panel (c) and solid red curve in panel (b). Dashed red curves = one standard deviation from the
mean time-depth curve. (b) Solid red curve = best fitting porosity, ¢, as a function of depth, z. Dashed red curves = one
standard deviation from the mean compaction curve. (c) Compaction parametrization. Root-mean-square misfit
between observed mean and calculated time-depth curves plotted as a function of initial porosity and compaction
wavelength. Red cross = compaction parameters with lowest residual misfit to time-depth data (solid red curve
in panel a).
change of elevation, dz/0dt, of a river must be a function of uplift rate, U, and erosion rate, E
0.
2 = Ux,t) - E(x, b), ©)
ot
where x is the downstream distance from the river source and ¢ is time. The erosion rate, E(x, t), parame-
terizes a complex suite of fluvial erosional processes. It is generally accepted that the stream power model
provides a pragmatic way of modeling drainage patterns at long length and time scales and can be expressed
in a simple form as
n
Bt =va" (£, @
ox
Table 3
Solid Sedimentary Flux of the Mauritanian Basin
Time (Ma) Rate Error
0-5.6 1.90 +2.00/—1.40
5.6-23.8 0.20 +0.20/—0.10
23.8-58.4 0.16 +0.18/-0.11
58.4-70.4 0.25 +0.21/-0.17
70.4-89.0 0.41 +0.21/-0.18
89.0-225 0.51 +0.15/-0.13
Note. Solid flux was calculated using the volume
of solid sedimentary rock between seismic intervals
mapped across the basin (Figures 4 and 7). Rate and
its uncertainty have units of 10> km3/Ma. Errors for
solid sedimentary flux are calculated by propagating
compaction parametrization uncertainties. A tentative
age of ~225 Ma is assigned to the basement, based on
the age of Gondwana breakup (see, e.g., Brownfield &
Charpentier, 2003; Davison, 2005; Vear, 2005).
LODHIA ET AL. 9
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Figure 7. Solid sedimentary thickness. (a—f) Thickness of solid sedimentary rock between seismic horizons identified
in Mauritanian basin (Figures 4 and 5). Black/white diamonds = exploration/Deep Sea Drilling Project (DSDP) and
Ocean Discovery Program (ODP) wells; black polygon = boundary of seismic dataset. Note that panel f, which shows
the interval between acoustic basement (~225 Ma) and 89 Ma, has a color scale with a larger range than panels a-e.
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Figure 8. Mauritanian solid sedimentary flux. Black lines and gray polygon = solid sedimentary flux and uncertainties
calculated from compaction parameters (see Table 3). Black circles with error bars = sedimentary flux of Sene-Gambia

calculated from estimates of denudation in sub-Saharan West Africa (Grimaud et al., 2018). Left panel shows simplified
Mauritanian chronostratigraphy; see Figure 5.

where v is a calibration constant with the dimensions of velocity if m =0 and n = 1. A is upstream drainage
area, which can be measured at the present day (e.g., Crosby & Whipple, 2006; Hack, 1957; Howard, 1971,
1988; Howard & Hemberger, 1991, 1987; Howard & Kerby, 1983; Howard et al., 1994; Pritchard et al., 2009;
Roberts & White, 2010; Roberts et al., 2012a, 2012b; Rosenbloom & Anderson, 1994; Rudge et al., 2015;
Sklar & Dietrich, 1998, 2001; Tomkin et al., 2003; Weissel & Seidl, 1998; Whipple & Tucker, 1999; Whittaker
et al., 2007; Whittaker & Boulton, 2012). The erosional parameters v, m, and n affect shapes of predicted
river profiles in different ways (e.g., Pritchard et al., 2009; Roberts & White, 2010; Roberts et al., 2012a;
Rosenbloom & Anderson, 1994; Whipple & Tucker, 1999). There is considerable debate about the values of v,
m, and in particular n (e.g., Lague, 2014; Mudd et al., 2014; Van der Beek & Bishop, 2003). It has been shown
that v and m trade off negatively with each other so that different combinations of v and m yield equally
acceptable fits between observed and calculated river profiles (Croissant & Braun, 2014; Roberts & White,
2010). If n # 1, shocks can occur, whereby steeper slopes propagate faster than shallower slopes (Pritchard
et al., 2009; Royden & Perron, 2013). We have no compelling evidence for shock wave behavior along rivers
at the long wavelengths of which we are concerned. Fits between observed and theoretical river profiles are
lowest when n ~ 1 (see Paul et al., 2014) which is corroborated by some field studies (Whittaker et al., 2007;
Whittaker & Boulton, 2012). v must be calibrated using independent geological data. The value of m depends
to some extent on the topology of the drainage network. Its value can be estimated by comparing misfit
between families of observed and theoretical river profiles generated by a systematic sweep of parameter
values. Paul et al. (2014) and Rudge et al. (2015) calibrated erosional parameter values in Africa and give us
a basis for setting v = 3.62, m = 0.35,and n = 1.

Pritchard et al. (2009) and Roberts and White (2010) developed linear and nonlinear inverse approaches to
calculate uplift rate histories from African river profiles. Their results indicate that at long wavelengths the
erosional process appears to be dominated by advection, for example, knickpoint retreat. Changes in lithol-
ogy and discharge appear to play moderating roles in determining the transient form of African river profiles
(see, e.g., Roberts et al., 2019). The calculated uplift rate histories of African domes (e.g., Bié, Southern
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Figure 9. Inverting African drainage inventory. (a-c) Observed (black) and best fitting (red) theoretical river profiles
for three major African catchments: (a) Senegal, (b) Niger-Chad, (c) Congo. Best fitting profiles were generated from
uplift history shown in Figure 10. (d) Calculated uplift rates at 30 and 0 Ma. (e) Data misfit as function of spatial
smoothing for series of inverse models. Colored circles = residual misfit for a suite of inverse models run with different
values of smoothing parameter Ag (e.g., Rudge et al., 2015). Black arrow = optimal (i.e., smoothest best fitting) model
used to generate uplift history shown in panel d and Figure 10. Residual root-mean-square misfit for optimal inverse
model = 0.81. (f) Comparison of independent and calculated uplift rates (see Rudge et al., 2015, for compilation;
Figure 10a). Circles = weighted mean values of uplift rate where color indicates age. Vertical/horizontal

lines = uncertainties calculated using methodology described in Rudge et al. (2015).

Africa) indicate that these swells grew during the last 40-30 Ma at rates of fractions of a millimeter per year,
which is broadly consistent with independent geologic observations (see, e.g., Rudge et al., 2015). Roberts
et al. (2012a) generalized this approach to solve for uplift rate as a function of space and time. They showed
that families of longitudinal river profiles contain coherent information about histories of regional uplift.
Paul et al. (2014) extracted and inverted 710 river profiles of Strahler order > 5, to calculate an uplift rate his-
tory of Africa since 50 Ma. Rudge et al. (2015) subsequently showed that similar results can be obtained by
linear inversion, which greatly speeds up the inversion process. Other similar inversion schemes exist (e.g.,
Croissant & Braun, 2014; Goren et al., 2014).

In this study, we use an inventory of 14,700 rivers to invert for an uplift rate history of the African continent
during the last 30 Ma using the approach described in Rudge et al. (2015). In this scheme a linear version
of the kinematic wave equation (equation (7) with n = 1) is solved using the method of characteristics.
Elevations, z, of theoretical longitudinal river profiles

¥ dx
o VA™

zZ= / GU(x(t),t)dt, where 75 = (8)
0

The resultant matrix equation has the form z = MU. Since this problem can be underdetermined a damped
least squares approach is used to invert the drainage inventory for a history of uplift by minimizing
IMU —z|* + 22|SU|* + 22|TUJ?, subject to U>0. 9)

The matrices S and T represent spatial and temporal smoothing. Parameters A and 4, control the smooth-
ness of calculated uplift histories. We sought the smoothest model that best fit the data by systematically

LODHIA ET AL.

12



Arru

100

AND SPACE S

Geochemistry, Geophysics, Geosystems 10.1029/2019GC008262

Cumulative uplift [km]

A 30 Ma 25 Ma 20 Ma A 4
- 3
-2
- 1
v- 0
15 Ma 10 Ma 5 Ma
0.50
0.25
0.00

1
-3000 0 3000
X Range [km]

Uplift rate [mm/a]

Y Range [km]
-3000 0 3000
e L

:
Q

0 1000 2000
Coverage

Figure 10. Calculated uplift history. (a) Calculated spatial and temporal pattern of cumulative uplift from inversion

of 14,700 river profiles. Black curves in 0-Ma panel = present-day African drainage divides; colored circles =
independently determined uplift rates used to test calculated uplift history (see Figure 9f). (b) Model coverage (nullity)
plots showing number of nonzero entries in model matrix (see body text).

varying damping parameters (Figure 9e; Rudge et al., 2015). In this study, 4 = 0.1 and A, = 0. We assume
that drainage planform remains constant, which is consistent with interpretations of incised deeply weath-
ered surfaces in northwest Africa (see Chardon et al., 2016). We also assume that incision as a result of sea
level drop (e.g., Messinian Mediterranean sea level fall) occurred on sufficiently rapid time scales (< 5 Ma)
that they have not affected the longitudinal shapes of modern drainage networks (see, e.g., Loget et al., 2006).
It is then straightforward to solve for incision rates (e.g., Stephenson et al., 2014).

It is important to acknowledge that model resolution (coverage; number of nonzero entries in model matrix
M) decreases further back in time as fewer rivers constrain older uplift histories (Figure 10b; Rudge et al.,
2015). Figure 10 shows calculated cumulative uplift (i.e., f Udt) and model coverage, which indicates that
calculated uplift is well resolved across most of Africa since ~30 Ma (see Rudge et al., 2015).

3.3. Predicting Sedimentary Flux From Drainage Patterns

Sedimentary flux can be predicted by integrating incision rates with respect to distance downstream. For
example, if we assume that n = 1 and that erosion diffusivity is negligible, sedimentary efflux, Q,, as a
function of time, can be predicted at the mouth of a river, such that

L dz
() = —v / A Za, (10)

where L is the length of the river. We note that solving this integral yields flux with units of area per time,
which can be converted into an estimate of volumetric flux using information about river widths. Due to a
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Figure 11. A qualitative comparison of observed and simulated sedimentary flux histories. (a) West African drainage
extracted from Shuttle Radar Topography Mission digital elevation model. Black polygon = extent of mapped seismic
data in Mauritanian basin. (b) Solid sedimentary flux measured from wells and seismic data offshore (see Figures 7
and 8). (c) Normalized, predicted sedimentary flux calculated using the best fitting uplift history shown in Figure 10
and a simple stream power formulation of fluvial erosion (see body text). (d) Average predicted sedimentary flux
between 23.8, 5.9, and 0 Ma (i.e., at the resolution of mapped stratigraphy); gray band = calculated sedimentary flux for
+50% drainage area.

lack of information about river widths through time, predicted solid sedimentary flux was normalized using
maximum calculated values (Figure 11). Our approach to estimating sedimentary flux has three steps. First,
a finite-difference scheme was used to calculate incision rate at each position in the drainage inventory
(see Roberts & White, 2010). This model was parameterized using the uplift history shown in Figure 10a.
Second, we integrated calculated incision rates along the Senegal river and other major rivers disgorging
into the Atlantic Ocean atop the Mauritanian basin. Finally, predicted flux was binned so that it had the
same temporal resolution as measured offshore flux and its value normalized by maximum calculated flux.
This approach provides a way to link uplift, erosion, and sedimentary flux in a deterministic framework,
which can be tested using independent observations of solid sedimentary flux.

4. Results

4.1. Stratigraphy

Up to 8 km of sedimentary rock is present between the acoustic basement and the oldest, biostratigraphi-
cally dated, basin-wide seismic horizon (89 Ma; Turonian) in the Mauritanian basin (Figure 7f). The extent
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of the Mauritanian salt and underlying rift basins can be seen clearly in the seismic data and covers parts
of the study area (Figures 4e-4f). The earliest phase of Atlantic margin deposition in northwest Africa is
recorded by red-bed sandstones, typical of an arid continental environment, which dominate the Triassic
section in the Essaouira Basin of Morocco (Vear, 2005). In common with previous authors, we assume a
Late Triassic (~225 Ma) age for the acoustic basement based on Moroccan analogs to the north of the Mau-
ritanian basin (e.g., Brownfield & Charpentier, 2003; Davison, 2005; Vear, 2005). All known intersections
of salt within the MSGBC Basin (Casamance-1, Maritime-3, 5, 8 in Senegal and Chinguetti-1 in Maurita-
nia) are allochthonous (Vear, 2005). There are no reported intersections of synrift evaporites in any wells
in the MSGBC Basin. However, analogs of synrift evaporites deposited during the later stages of rifting in
the Proto-Central Atlantic ocean in the axes of the Triassic-Early Jurassic graben are recovered north of the
MSGBC Basin along the northwest African margin in Morocco. Therefore, we assume an Early Jurassic age
for synrift salt deposition in the MSGBC Basin (Brownfield & Charpentier, 2003; Davison, 2005; Emery &
Uchupi, 1984; Vear, 2005). In the Essaouira Basin of Morocco the most complete stratigraphy was encoun-
tered in well JRP-1 (see Figure 6b in Davison, 2005). Central Atlantic Magmatic Province basalts have been
found below, within, and above the Triassic evaporite sequence (see Figure 6b in Hafid et al., 2000), which
indicates that the age of the salt is 200 + 1 Ma (Early Jurassic; Davison, 2005).

The oldest, dated horizon in the Mauritanian basin is 139.0 Ma, which was sampled at a depth of ~4.2 km
in Well B (Figure 3). Upper Jurassic-Albian stratigraphy is dominated by platform carbonates (limestones),
which are visible on seismic data and extend across the continental margin of the basin (Figure 4). Upper
Cretaceous-Paleocene stratigraphy in the center of the basin is almost exclusively clastic (e.g., claystones,
shale, siltstones, and sandstones), whereas ~500 m of limestone was encountered at Well A, to the south.
Almost all of the rocks between the 58.4 and 23.8 Ma (Eocene-Miocene) marker horizons are carbonate.
Increased incision along the continental margin is observed in the center of the basin at Well D where the
majority of Oligocene-Eocene stratigraphy has been removed. Importantly, Miocene-Recent clastic stratig-
raphy encountered at all wells consists of sandstones and claystones/shale on the continental shelf and basin
floor, respectively. Rock recovered from the upper sections (100-1,000 m) of all wells is characterized by
unconsolidated claystones and shales with high porosity.

4.2. Solid Sedimentary Flux of the Mauritanian Basin

Stratigraphic mapping, depth conversion, and decompaction indicate that solid sedimentary flux decreased
from 0.41*)2} x 10° km?/Ma during the Cretaceous, to Paleocene rates of 0.25797) x 10° km*/Ma and
Oligocene rates of 0.16fg:ﬁ x 10% km3/Ma. Uncertainties were calculated by propagating depth conversion
and compaction errors. Volumes of mapped carbonate indicate that Eocene-Oligocene clastic flux is approx-
imately a factor of 2 smaller than these values. The distribution of sedimentary rock varies significantly
with time. Late Cretaceous deposition (Figure 7e) is concentrated at the northern and southern parts of the
basin and was followed by low Paleocene rates of deposition across the basin (Figure 7d). Eocene-Oligocene

deposition was concentrated in the northern part of the basin.

About 1.5 km of 23.8- to 5.6-Ma clastic rock was deposited in the center of the basin. Up to 2 km of sediment
was deposited across most of the basin from 5.6 to 0 Ma. Solid clastic sedimentary fluxes for the Miocene
and post-Miocene are 0.2*)20 x 10° km*/Ma and 1.9*% x 10° km?/Ma, respectively. While the overall solid
sedimentary flux during the Eocene-Oligocene is similar to that of the Miocene, it is important to note that
the majority of Miocene sedimentation is restricted to a smaller region in the center of the basin adjacent to
the Senegal river (Figure 7b). We note that these estimates of sedimentary flux are likely to be underestimates
because we do not consider material that has gone into solution. To examine the origin of increased Neogene
clastic flux, we inverted 14,700 longitudinal river profiles from across the African continent for a smooth

history of uplift.

4.3. Calculated Uplift History of Africa

The residual misfit between observed and theoretical longitudinal river profiles is low (rms misfit = 0.81;
Figures 9a-9c). Predicted uplift rates match those estimated from independent geologic constraints within
error (e.g., uplift rates calculated from radiometric, cosmogenic and biostratigraphic dating of marine ter-
races and fluvial incision and correlation of oxygen isotope stages with marine terraces; Elmejdoub & Jedoui,
2009; Erlanger et al., 2012; Guiraud et al., 2010; Meghraoui et al., 1998; Partridge, 1998; Partridge & Maud,
1987, 2000; Roberts & Brink, 2002; see Rudge et al., 2015, for list of observed rates; Figures 9 and 10a). Model
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coverage is greatest for the largest river systems and decreases with age. Calculated uplift rates were high-
est during the last 25 Ma (Figures 9d and 10a). There is significant growth of the Fouta-Djallon swell (West
Africa), East African Rift system, and of domal swells in central and southern Africa. Calculated uplift of
the Fouta-Djallon swell accelerated during the last ~5 Ma.

An important concern is that the planform of rivers (e.g., the Nile) might have changed, which could
adversely affect the stability of calculated uplift histories. One way to examine this issue is by excising large
catchments from the drainage inventory and reinverting the reduced data set (supporting information).
These tests show that if, for example, the entire Nile catchment is removed, calculated cumulative uplift
in other parts of the continent (e.g., the West African seaboard) differs from models run with the complete
inventory by less than a few tens of meters (e.g., Figure 10). Moreover, we note that the erosional model
used here raises drainage area to a small fractional power, which means that there can be large uncertain-
ties, for example, O(10)%, in upstream area without drastically altering calculated uplift rate or sedimentary
flux histories (see, e.g., Figure 11).

5. Discussion

We discuss four results. First, we reexamine the stratigraphic history of northwest Africa's passive mar-
gin. Second, we discuss its punctuated history of sedimentary flux. Third, we explore how the sedimentary
archive, uplift, and erosion of continental topography can be used to generate a Cenozoic source-to-sink
framework for northwest Africa. Finally, we examine the implications of calculated sedimentary flux and
uplift rate histories for evolution of African topographic support and mantle convection.

5.1. Northwest Africa’s Passive Margin Stratigraphy

Jurassic to Lower Cretaceous-aged carbonates are intersected by several wells along the northwest African
margin, including over 700 m of Berriasian lagoonal carbonates at Loup De Mer-1, MBour-1, Ndiass-1, and
Dakar Marin-2 in Senegal (Vear, 2005). In addition, several wells intersect thick carbonates of this age in
the Tarfaya and Aaiun Basins to the north in Morocco and Western Sahara, respectively (e.g., Cap Juby-1).
A Jurassic carbonate shelf has also been identified on the conjugate Atlantic Seaboard of the United States
(Vear, 2005).

With the exception of the northeast continental margin, Africa was separated from surrounding conti-
nents by Late Cretaceous times (e.g., Janssen et al., 1995). Cenomanian marine deposition is recorded
onshore in northwest Morocco, northern and eastern African (e.g., Sahagian, 1988). High subsidence rates
in the MSGBC and Gabon Basins during the Campanian-Maastrictian were probably generated by spread-
ing between the central, equatorial, and southern sectors of the Atlantic ocean (Daly et al., 1989; Fairhead,
1988; 1988; Janssen et al., 1995). The lack of Late Cretaceous prograding clinoforms and clastic sedimenta-
tion recorded at Wells A, B, and H are probably partially related to rapid Cretaceous subsidence, which has
been attributed to salt tectonics (Janssen et al., 1995). Carbonate deposition offshore broadly correlates with
periods of predicted topographic quiescence onshore (i.e., low uplift rates). The pattern of decreasing solid
sedimentary flux and increasing Paleogene carbonate production in the Mauritanian basin indicates that
rates of continental clastic efflux were probably low. These observations are consistent with the distribution
of indurated Paleoegene laterites and lateritic gravels onshore, which indicate that Cretaceous-Paleogene
topographic gradients and physical erosion rates were also low (Burke & Gunnell, 2008; Grimaud et al.,
2018; Ismail et al., 2010 Nyagah, 1995; Rouby et al., 2009; Salman & Abdula, 1995; Séranne & Nzé Abeigne,
1999). High sea level, intense inland weathering, and preferential deposition of phosphates and carbonates
dominated the intercratonic and marginal basins of West Africa during the Paleocene-Eocene (Grimaud
et al., 2018). Offshore deposition in the Mauritanian basin during this time is dominated by carbonates and
erosion in the central part of the basin around Well D.

The base Miocene unconformity, 23.8 Ma, marks a significant change in sedimentation rate and facies in the
Mauritanian basin. A major change from carbonate to clastic deposition is clearly seen across the entire basin
from the Miocene until present day. Lodhia et al. (2018) show that 0.4-0.8 km of Neogene water-loaded sub-
sidence is observed in the center of the Mauritanian basin. Subsidence histories, measured ocean-age depth
residuals, magmatic histories, and shear wave tomographic modeling suggest that upper mantle convection
has generated an east-west bathymetric gradient of ~1/300 between the Cape Verdé Rise and Mauritanian
margin during the last ~23 Ma. This mantle convective drawdown generated 0.4-0.8 km of water-loaded
accommodation space in the Mauritanian basin.
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5.2. Sedimentary Flux: Clastic Versus Carbonate Deposition

An important question is what caused the change from carbonate to clastic sedimentation that occurred in
the Mauritanian basin at ~ 23 Ma? Small increases in the delivery of clastic material to continental margins
can greatly reduce the efficacy of carbonate production (e.g., Walker et al., 1983). In general, efflux rates vary
between different drainage basins and are controlled by drainage area and relief and are moderated by other
variables (e.g., climate; runoff; Milliman & Syvitski, 1992). The relatively high volumes of Miocene-Recent
clastic rock mapped throughout the Mauritania basin indicate that delivery of clastic material to the margin
increased by an order of magnitude. An obvious source of this clastic material is uplift and erosion of the
continental hinterland. Grimaud et al. (2018) correlated relict lateritic landforms across northwest Africa
to estimate Middle Eocene-Recent onshore denudation and sedimentary flux. They found that denuded
volumes and offshore solid sediment accumulations are approximately balanced. They argue that the estab-
lishment of the modern Niger catchment must have occurred before 29 Ma, after which clastic material was
provided to the Niger delta by growth of the dynamically supported Hoggar swell. Their calculated clastic
efflux to the Sene-Gambia drainage basin follows the same trend which we observe in the Mauritanian basin
further north, whereby solid sedimentary flux increases substantially from Eocene-Present times (Figure 8).
Significant increases in solid sedimentary flux to the Sene-Gambia and Mauritanian basins occurred during
the last ~5 Ma. From a tectonic point of view, it is surprising that uplift and clastic flux should increase so
dramatically long after continental breakup has occurred. However, long wavelength free air gravity anoma-
lies, positive residual ocean age-depth measurements, radial drainage patterns, and calculated histories of
uplift indicate that the Fouta Djallon swell also grew (and was denuded) in response to regional subplate
support during the last ~ 30 Ma.

5.3. A Source-to-Sink Framework From Inverting Drainage Patterns

Inversion of drainage patterns from across Africa suggest that this phase of clastic flux was accompanied
and probably controlled by the acceleration in the growth of the Fouta Djallon and Atlas topographic swells
(Figure 11). We examined whether stratigraphy offshore can be related to uplift histories onshore by invert-
ing drainage networks and predicting sedimentary flux (equation (10)). Figure 11 shows that predicted
sedimentary flux is broadly similar to that measured from stratigraphy in the Mauritanian basin. Increased
Neogene clastic solid sedimentary flux to the center of the Mauritanian basin appears to be a response
to post-Miocene uplift of the Atlas and Fouta-Djallon topographic swells. We note that the deposition of
post-Miocene clastic sedimentary rock in the Mauritanian basin has led to the formation of important
hydrocarbon reservoirs. In the future more complete landscape models could be parametrized using the
calculated history of uplift to predict histories of volumetric sedimentary flux (e.g., Landlab: Hobley et al.,
2017; Badlands: Salles et al., 2018).

5.4. Dynamic Support, Continental Uplift, and Offshore Sediment Deposition

Are changes in Neogene dynamic support and sedimentation observed in the Mauritanian basin observed
elsewhere in Africa? It is widely accepted that Africa’'s domal swells have grown in response to mantle con-
vective support during the last 30 Ma (Al-Hajri et al., 2009; Burke, 1996; Burke & Gunnell, 2008; Gurnis
et al., 2000; Holmes, 1944; Moucha & Forte, 2011; Paul et al., 2014; Rudge et al., 2015). Results from inverse
modeling of continental drainage patterns suggest that most swells grew steadily from 25 to 5 Ma and accel-
erated during the last 5 Ma (Figure 12). This pattern is seen across eastern, central, and southern Africa and
is coeval with a Miocene change from carbonate to clastic sedimentation recorded at most major African
deltas (e.g., Anka & Séranne, 2004; Nyagah, 1995; Paul et al., 2014; Reijers, 2011; Salman & Abdula, 1995;
Sestini, 1989; Séranne & Nzé Abeigne, 1999). An increase in Oligocene to Neogene clastic flux is docu-
mented at many of Africa’s major deltas (e.g., Nile, Jubba-Shebelle, Zambezi, Limpopo; Figure 12; Said et al.,
2015; Walford et al., 2005). These observations are consistent with the notion that uplift, subsidence, and
sedimentary flux to the Mauritanian margin are a manifestation of continent-wide, punctuated, Cenozoic
dynamic support.

More broadly, our results suggest that periods of low continental uplift correspond with carbonate deposition
at most deltas on Africa’s passive margins. Widespread uplift of the African continent is concomitant with
increased clastic sedimentary flux to most of its passive margins from Miocene-Recent times (Figure 11).
Gravity anomalies, ocean age-depth residuals, tomography, and the history of magmatism indicate that uplift
was driven by subplate support (e.g., Figure 2). These observations indicate that mantle convection plays an
important role in determining stratigraphy and the distribution of hydrocarbon reservoirs around passive
continental margins.
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Figure 12. Continental sedimentary flux. Present-day topography, major drainage divides, and observed sedimentary
flux of major African catchments. Sedimentary flux for Senegal is from this study; Volta: Paul et al. (2014); Niger:
Grimaud et al. (2018); Congo: Paul et al. (2014); Nile: Aal et al. (2000), Hall et al. (2005); Jubba-Shebelle: DuToit et al.
(1997); Zambezi: Walford et al. (2005); Limpopo: Dingle (1983); and Orange: Rust and Summerfield (1990), Rouby et al.
(2009). Age on ordinate has units of mega-annum; sedimentary flux on abscissa has units of 10> km3/Ma. Sedimentary
flux histories plotted on a common timescale are shown in supporting information.

6. Conclusion

We examined Mesozoic to Recent sedimentary flux, uplift, and sedimentary routing histories of northwest
Africa. Our results suggest that changing patterns of dynamic support generated flux of clastic material that
is recorded by stratigraphy at its passive margins. We focus on calculating the history of solid sedimentary
flux to the Mauritanian margin. Today, this region is fed by rivers draining the Atlas and Fouta Djallon
topographic swells. Eight wells are combined with isopach mapping of seismic reflection data to constrain
sedimentary flux since the breakup of Gondwana (~225 Ma). Calculated Late Cretaceous solid sedimen-
tary flux was 0.417%2! x 10° km3/Ma, Paleocene flux was 0.257%2! x 10° km?/Ma, and Eocene-Oligocene

flux was 0.16*)1% 21303 km?/Ma. The distribution of offshoreo';;dimentation in the Mauritanian basin
varied significantly through time. Late Cretaceous sedimentary rock is concentrated at the northern and
southern margins of the Mauritanian basin, while Paleocene sedimentary rock is distributed across the
basin. Eocene-Oligocene sedimentary rock is thickest in the north of the basin. Extensive Early Creta-
ceous and Eocene-Oligocene carbonate platforms are mapped along the continental margin. A change from

carbonate to clastic sedimentation occurred during Miocene times, and solid sedimentary flux increased
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to 0.20%07% x 10® km?/Ma. Solid sedimentary flux increased again during Miocene to Recent times to

1.9072% % 10° km?/Ma.

We investigate the source of clastic sedimentary flux to West Africa’s passive margin by inverse and for-
ward modeling of continental drainage patterns extracted from digital elevation data. Residual rms misfit
between observed and theoretical longitudinal river profiles is low (rms = 0.81). Calculated uplift rates are
corroborated by an independent inventory of uplift constraints from around Africa’s coastline. We suggest
that Neogene clastic flux to the Mauritanian margin was generated by denudation of the uplifting Atlas and
Fouta-Djallon topographic swells from ~25 Ma, which appears to have accelerated during the last ~5 Ma.
An increase in clastic sedimentary flux and concomitant change from carbonate to clastic offshore sedi-
mentation is recorded at major African deltas, which we suggest was generated by increased Neogene uplift
rates at many of Africa's domal swells. Inverse modeling of drainage patterns for uplift histories provides a
deterministic methodology to link “sources” and “sinks” of sedimentary rock, which can help to predict the
presence of offshore clastic and carbonate reservoirs generated as a response to hinterland evolution.
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