
University of Wollongong University of Wollongong 

Research Online Research Online 

Faculty of Science, Medicine and Health - 
Papers: Part B Faculty of Science, Medicine and Health 

1-1-2019 

Drainage and Sedimentary Responses to Dynamic Topography Drainage and Sedimentary Responses to Dynamic Topography 

Xuesong Ding 

Tristan Salles 

Nicolas Flament 
University of Wollongong, nflament@uow.edu.au 

Claire Mallard 

Patrice F. Rey 

Follow this and additional works at: https://ro.uow.edu.au/smhpapers1 

Publication Details Citation Publication Details Citation 
Ding, X., Salles, T., Flament, N., Mallard, C., & Rey, P. F. (2019). Drainage and Sedimentary Responses to 
Dynamic Topography. Faculty of Science, Medicine and Health - Papers: Part B. Retrieved from 
https://ro.uow.edu.au/smhpapers1/1109 

Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Research Online

https://core.ac.uk/display/286448391?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://ro.uow.edu.au/
https://ro.uow.edu.au/smhpapers1
https://ro.uow.edu.au/smhpapers1
https://ro.uow.edu.au/smh
https://ro.uow.edu.au/smhpapers1?utm_source=ro.uow.edu.au%2Fsmhpapers1%2F1109&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ro.uow.edu.au/smhpapers1/1109?utm_source=ro.uow.edu.au%2Fsmhpapers1%2F1109&utm_medium=PDF&utm_campaign=PDFCoverPages


Drainage and Sedimentary Responses to Dynamic Topography Drainage and Sedimentary Responses to Dynamic Topography 

Abstract Abstract 
Dynamic topography due to mantle flow contributes to shaping Earth's evolving landscapes by affecting 
sediment routing, which has rarely been explored in source-to-sink contexts. Here we design a generic 
model to investigate the impact of dynamic topography on both landscape evolution and stratigraphic 
formations. An imposed wave of dynamic topography propagates laterally under a fixed continent, 
exerting transient surface uplift and subsidence. We find that a migrating dynamic topography can induce 
significant drainage reorganizations and affect sediment routing from source to sink. Variations in 
sediment supply driven by the lateral migrating dynamic topography contribute to the formation of 
diachronous unconformities along the margin. The predicted sediment flux histories are then put into 
perspective with the Cretaceous sedimentary records along the Southern African margins. Finally, we 
demonstrate that correlating offshore depositional hiatuses and unconformities has the potential to 
constrain the spatiotemporal evolution of past dynamic topography events. 

Publication Details Publication Details 
Ding, X., Salles, T., Flament, N., Mallard, C. & Rey, P. F. (2019). Drainage and Sedimentary Responses to 
Dynamic Topography. Geophysical Research Letters, Online First 1-10. 

This journal article is available at Research Online: https://ro.uow.edu.au/smhpapers1/1109 

https://ro.uow.edu.au/smhpapers1/1109
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1Basin GENESIS Hub, EarthByte Group, School of Geosciences, The University of Sydney, Sydney, NSW, Australia, 2Now
at Department of Earth, Planetary and Space Sciences, University of California, Los Angeles, CA, USA, 3School of Earth,
Atmospheric and Life Sciences, University of Wollongong, Wollongong, NSW, Australia

Abstract Dynamic topography due to mantle flow contributes to shaping Earth's evolving landscapes by
affecting sediment routing, which has rarely been explored in source‐to‐sink contexts. Here we design a
generic model to investigate the impact of dynamic topography on both landscape evolution and
stratigraphic formations. An imposed wave of dynamic topography propagates laterally under a fixed
continent, exerting transient surface uplift and subsidence. We find that a migrating dynamic topography
can induce significant drainage reorganizations and affect sediment routing from source to sink. Variations
in sediment supply driven by the lateral migrating dynamic topography contribute to the formation of
diachronous unconformities along the margin. The predicted sediment flux histories are then put into
perspective with the Cretaceous sedimentary records along the Southern African margins. Finally, we
demonstrate that correlating offshore depositional hiatuses and unconformities has the potential to
constrain the spatiotemporal evolution of past dynamic topography events.

Plain Language Summary Convective motion within Earth's interior result in transient uplift
and subsidence of the surface is called dynamic topography. This process slowly shapes landscapes over
millions of years and identifying its fingerprints in the rock record remains a challenge. This study uses
numerical modeling to investigate the erosional and depositional response of landscapes to sea level change
and to mantle flow. We show that unlike sea level change, dynamic topography reorganizes river flows
and changes sediment supply to offshore regions, generating various stratal patterns. We model a simple
circular landscape that evolves similarly to the southern African landscape between 140 and 66million years
ago and suggest sedimentary fingerprints to link the evolution of the Earth's surface to the dynamics of its
deep interior.

1. Introduction

Deep Earth processes play a significant role in shaping Earth's evolving landscapes by imposing transient
episodes of dynamic topography (Braun, 2010; Flament et al., 2013). Examples of landscapes that have
recorded dynamic topography include the Colorado Plateau (Braun et al., 2013; Karlstrom et al., 2012; Liu
& Gurnis, 2010; Moucha et al., 2009), the Iceland Plateau (Bijwaard & Spakman, 1999; Maclennan et al.,
2001), the South African Plateau (Braun et al., 2014; Flament et al., 2014; Gurnis et al., 2000; Moucha &
Forte, 2011), and the Australian continent (Czarnota et al., 2013, 2014; Matthews et al., 2011; Sandiford,
2007). Field observations and numerical investigations suggest that interactions between dynamic topogra-
phy and surface processes can be preserved in the geological record (Braun et al., 2013; Burgess et al., 1997;
Burgess & Moresi, 1999). For example, dynamic uplift can induce stratal unconformities in offshore regions
(Champion et al., 2008; Rudge et al., 2008), while dynamic subsidence can explain exceedingly thick sedi-
ment accumulation in depositional basins (Downey & Gurnis, 2009). However, it remains challenging to iso-
late the fingerprints of dynamic topography in the sedimentary record that primarily reflects shallower
tectonic processes (Eakin & Lithgow‐Bertelloni, 2018). Even in tectonically stable regions, external factors,
such as climate or eustasy, can potentially produce geomorphologic and stratigraphic patterns that interfere
with those of dynamic topography.

Large‐scale and long‐term landscape evolution modeling (LEM) is useful to evaluate the landscape and drai-
nage responses to dynamic topography (Braun et al., 2013; Ruetenik et al., 2016; Salles et al., 2017). However,
most LEMs do not explicitly predict stratigraphic architectures, making it difficult to explore the sedimen-
tary responses to dynamic topography. Stratigraphic forward modeling enables to investigate the
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stratigraphic signatures of sea level changes and tectonics but usually assumes constant sediment supply
from the source region. The landscape evolution model pyBadlands simulates geomorphic processes and
stratigraphic formations in a combined source‐to‐sink system (Chang & Liu, 2019; Ding et al., 2019; Salles
et al., 2018; Salles & Hardiman, 2016). Comparing with most LEMs and stratigraphic forward modelings,
it provides a more realistic approach of representing sediment supply and sediment routing systems. Here
we use pyBadlands to explore the erosional and depositional landscape evolution in response to both sea
level change and dynamic topography. Our results show that dynamic topography can induce significant
drainage reorganizations and affect the long‐term (~10s Myr) evolution of drainage systems. Dynamic topo-
graphy also has distinct impacts on the formation of second‐ (10–80 Myr) and third‐order (1–10 Myr) strati-
graphic cycles (Vail et al., 1977), depending on its migrating direction relative to the sediment transport
direction.

2. Numerical Experiments

We consider a model of circular continent 700 km in diameter with a spatial resolution of 1 km
(Figure 1a). Its initial landscape consists of a central plateau (source area) surrounded by an alluvial plain
(transfer zone) and a continental margin (sink area). As forcing factors driving landscape evolution and
stratigraphic formations, we impose rainfall, eustatic sea level, and a westward propagating wave of
dynamic topography. For simplicity, other tectonic inputs (e.g., flexure and thermal subsidence) are not
considered. The circular geometry of the continent makes it possible to investigate the responses of river
systems with varying sediment transport directions relative to the wave of dynamic topography. In
pyBadlands, erosion, sediment transport and deposition are described using both fluvial and hillslope pro-
cesses (Salles et al., 2018; Salles & Hardiman, 2016). The governing equations and model parameters are
provided in the supporting information.

We compare three cases forced with a uniform precipitation rate of 1.0 m/year (see Table S1 in the support-
ing information). Case 1 is a reference experiment in which the landscape evolves under a constant eustatic
sea level (0 m). Case 2 involves a periodic eustatic sea level curve with fluctuations of 50 m every 5 Myr
(Figure S1b) comparable to million‐year scale eustatic change (Miller et al., 2005). Case 3 considers a sinu-
soidal wave of positive dynamic topography with a wavelength of 1,000 km and amplitude of 300 m propa-
gating to the west at 5 cm/year (Figure 1a). The average rate of the surface uplift or subsidence is 30 m/Myr,
which is comparable to the inferred dynamic tilting rate of northern Australia (5 to 75 m/Myr; Czarnota
et al., 2013). It takes 34 Myr for this dynamic topography wave to travel across the whole model domain.
We run all experiments for 36 Myr with an output interval of 300 kyr, recording 120 stratigraphic layers.

3. Results
3.1. Evolution of Landscapes and Drainage Networks

In the absence of dynamic topography forcing, the drainage pattern in Cases 1 and 2 remains radial with the
central plateau and the alluvial plain symmetrically eroded (Figures S1a and S1b). Sediments accumulate in
deltas homogeneously distributed along the continental margin (Figure S1a and S1b). In Case 2, periodic
eustatic sea level changes do not affect this pattern (Figure 1f) but add cyclical fluctuations with increasing
fluvial erosion and offshore sedimentation during periods of falling eustatic sea level (Figures 1g and 1h).

In Case 3, rivers with opposite sediment transport directions respond differently to the westward propagat-
ing dynamic topography, which results in complex drainage reorganizations. On the east side of the domain,
the dynamic uplift propagates upstream creating a coastal bulge that diverts river flows (e.g., R2 in Figure 1
b). The river mouth of R2 migrates along the southern margin in the same direction as the dynamic topogra-
phy from 3.6 to 10Myr, with a slightly higher migrating rate (~5.5 cm/year) than that of dynamic topography
(5 cm/year). The coastal bulge is incised by small east directed rivers carrying limited sediments to the coast
(e.g., R1 in Figure 1b). The eastern margin eventually subsides from 11.7 Myr, and its accumulative subsi-
dence allows some diverted inland rivers to breach the coastal bulge and join those small rivers from 12.6
Myr (e.g., R1′ in Figure 1c), whereas other diverted rivers on the northern and southern plains retain their
courses (e.g., R2′ in Figure 1c). On the west side of the domain, the surface slope is steepened westwards by
the propagating uplift from 7 to 17 Myr, which stimulates the incision of the western side of the plateau
(Figures 1b and 1c). It also exposes the western margin, leading to an increasingly narrower continental
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Figure 1. (a) Initial surface of a circular continent under which a wave of dynamic topography propagates at 5 cm/year. The surface uplift induced by the migrating
dynamic topography is shown at 10, 17, and 25 Myr. Note the different vertical scales for the topography profile and uplift profiles. (b–e) Snapshots of the landscape
and river network evolution for Case 3, at 10, 17, 25, and 36 Myr. Dashed arrows indicate significant drainage reorganization events of rivers R1 to R3. A‐A′
and B‐B′ indicate the locations of the cross sections shown in Figure 2. Average erosion rate of (f) the plateau and (g) the whole alluvial plain and (h) average
sedimentation rate over the whole continental margin are shown for Cases 1–3.
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shelf (Figures 1c and 1d). From 21 to 29Myr, as dynamic subsidence propagates downstream to the west, the
slope of the alluvial plain is reversed and rivers are rerouted (e.g., R3 in Figure 1d). At 36Myr, the progressive
subsidence of the western margin leads to significant flooding of the plain and eventually to a broader shelf
compared to that of the eastern margin (Figure 1e). In summary, the migrating dynamic topography affects
all segments of the source‐to‐sink system, withmost significant impacts on increasing the fluvial erosion and
offshore sedimentation (Figures 1f–1h).

3.2. Formation of Stratigraphic Architectures

We document the stratal stacking patterns along one section for Cases 1 and 2 (C1‐C1′ in Figure S1a
and C2‐C2′ in Figure S1b) and two sections for Case 3 (A‐A′ and B‐B′ in Figure 1e). On these cross
sections, stratigraphic layers are displayed with a time interval of 0.9 Myr. We also reconstruct both
the sediment supply and the erosion of strata (in km2/Myr) on each cross section by calculating the
volume of sediments deposited and eroded across a unit width in 0.9‐Myr increments. To understand
how the two margins in Case 3 are different in terms of the timing of deposition and unconformity for-
mation, we build Wheeler diagrams (i.e., chronostratigraphic diagram) along the two sections (see Text
S2 in the supporting information).

In Case 1, the average sediment supply is 0.87 km2/Myr, with fluctuations induced by shifts of the river
mouth relative to cross section C1‐C1′ (Figure S1c). The stratal stacking pattern on C1‐C1′ shows an overall
progradational depositional trend, during which sediments bypass the shelf without erosion (Figure S1e).
Sediment accumulates predominantly into offshore and deep marine deposits, with little alluvial deposit.
In Case 2, the average sediment supply is 0.83 km2/Myr, with fluctuations that are consistent with the
eustatic cycles (Figure S1d). Episodes of strata erosion between 0 and 4.8, 10 and 15, 21 and 24.9, and 31
and 33.3 Myr correspond to eustatic sea level fall (forced regression; Figure S1d). The strata stacking pattern
reveals sequence cycles bounded by four subaerial unconformities at 4.8, 15, 24.9, and 33.3 Myr (red lines in
Figure S1f). Eustatic fluctuations also lead to increased alluvial deposition and to periodic variations in
shoreface and distal offshore sedimentation.

In Case 3, the eastern margin undergoes uplift from 1.8 to 11.7 Myr and subsidence from 11.7 to 22.5 Myr.
Sediment transport to the eastern margin occurs in the direction opposite to the westward propagating
dynamic topography, resulting in low sediment supply (0.725 km2/Myr on average). Sediment supply is
low (<0.7 km2/Myr) between 3 and 11.7 Myr (Figure 2a) because the margin is exposed by dynamic uplift
and rivers are rerouted (e.g., R1 in Figure 1b). A degradational stacking pattern (D or falling‐stage systems
tract FSST) develops due to the dynamic uplift, during which sediments deposited before 8.4 Myr are
totally eroded, and only a fraction of sediments deposited between 8.4 and 11.7 Myr are preserved
(Figures 2b–2d). The strata stacking trend changes to a “progradation to aggradation” pattern (PA or low-
stand systems tract LST) from 11.7 Myr when the margin starts to subside, with sediments onlapping onto
the erosional basal unconformity (red lines in Figures 2b and 2c). Strata regression peaks at 13.5 Myr,
after which strata stacking follows a retrogradational pattern (R or transgressive systems tract TST).
Sediments continue onlapping onto the basal unconformity, with dominant accumulation of coastal plain
and shoreface facies (Figures 2b–2d). Subsidence of the eastern margin also enables diverted rivers to
breach the coastal bulge from 13.2 Myr (e.g., R1′ in Figure 1c). Sediment supply to the eastern margin
then significantly increases to 2.5 km2/Myr and remains large as the margin subsides (Figure 2a).
Stratal stacking then shifts to an “aggradation to progradation” stacking pattern (AP or highstand systems
tract HST) from 22.5 to 36 Myr (Figures 2b–2d).

The western margin in Case 3 undergoes uplift from 10 to 20 Myr and subsidence from 20 to 30 Myr.
Sediment transport to the western margin occurs in the same direction as the westward propagating
dynamic topography, resulting in a larger sediment supply (1.72 km2/Myr on average). Changes in sediment
supply before 10 Myr reflect changes in the location of the river mouth relative to cross section B‐B′
(Figure 2e). During the uplift phase of the western margin, the stratal stacking trend changes from progra-
dation (P or HST) to degradation (D or FSST) at 12 Myr and sediment supply increases up to 8.5 km2/Myr at
19 Myr (Figures 2e–2h). From 20 to 24.3 Myr, the subsidence of the western margin induces river rerouting
(e.g., R3 in Figure 1d), resulting in a sharp decrease in sediment supply to 0.3 km2/Myr (Figure 2e). The pro-
pagating subsidence leads to a retrogradational pattern (R or TST) and accumulation of thick alluvial plain
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deposits on the proximal shelf from 25.2Myr, and shoreface deposits on the distal shelf from 24.3Myr and on
the middle shelf only from 29.7 Myr (Figures 2f–2h). The stratal stacking trend changes to a progradational
pattern (P or HST) from 30.6 to 36 Myr due to noncreation of accommodation (Figures 2f–2h) once the
western margin is no longer affected by dynamic topography.

In summary, Case 3 shows that the propagating wave of dynamic topography induces distinct stratigraphic
features not seen in Cases 1 (precipitation only) and 2 (precipitation and cyclical sea level changes). The
wave of dynamic topography also results in different stratal geometries, formation of unconformities, and
sediment accumulation patterns along the eastern and western margins. In particular, there is (1) more sedi-
ment supply during the uplift of the western margin from 10 to 20 Myr, (2) more sediment supply during the
subsidence of the eastern margin from 13 to 23 Myr, (3) different shapes of unconformities, (4) more alluvial
deposition on the western margin, and (5) more significant erosion of the coastal plain and shoreface depos-
its on the western margin. These differences are related to the angular relationship between the direction of
migration of the dynamic topography and the direction of sediment transport and, therefore, constitute
potential constraints on the migrating direction of dynamic topography.

Figure 2. (a) Sediment supply histories and erosion of stratigraphic layers, stratal stacking patterns represented by (b) depositional environments, (c) interpreted
systems tracts, and (d)Wheeler diagrams reconstructed for Case 3 on the easternmargin along A‐A′. (e–h) Same for the westernmargin along B‐B′. See Figure 1e for
cross section locations. Paleo‐depth is assumed to be a proxy for depositional environments, including alluvial plain (>0 m), shoreface (or delta front, 0–30 m),
distal offshore (or prodelta, 30–100 m), upper slope (100–300 m), middle slope (300–500 m), and abyss (>500 m). Key stratigraphic surfaces and their timing are
indicated in c, d, g, and h. Systems tracts are interpreted for Case 3 with abbreviations: A = aggradation, P = progradation, R = retrogradation, D = degradation,
HST = highstand systems tract, TST = transgressive systems tract, LST = lowstand systems tract, FSST = falling‐stage systems tract, MTS = maximum
transgressive surface, MFS = maximum flooding surface, TS = transgressive surface, MRS = maximum regressive surface, and SB = sequence boundary (Hunt &
Tucker, 1992; Neal & Abreu, 2009; Neal et al., 2016).
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4. Application to Southern Africa

Over the last two decades, high‐resolution seismic data and thermochronology data have improved our
understanding of the tectonic and geomorphic evolution of Southern Africa (Baby et al., 2018; Baby et al.,
2018; Brown et al., 2002; Guillocheau et al., 2012; Said et al., 2015; Stanley et al., 2015; Tinker et al.,
2008a). For example, Hu et al. (2018) recently proposed a lithospheric delamination model for the uplift his-
tory of southern Africa based on seismic observations and geodynamic modeling. In contrast, from sediment
flux data and landscape evolutionmodeling Braun et al. (2014) suggested that Southern Africa migrated over
a fixed mantle superwell during the Late Cretaceous. The models presented in Braun et al. (2014) reveal
enhanced landscape erosion during continental tilting, resulting from the reorganization of drainage sys-
tems by increasing the drainage area. Our Case 3 also predicts increased erosion of the alluvial plain during
the uplift phase of the migrating dynamic topography (Figure 1g). Furthermore, Case 3 predicts sediment
flux histories and uplift‐induced subaerial unconformities of three marginal basins (Southeast, South, and
Southwest Basins; Figures 3a and 3b) that are comparable to those from the Southern Mozambique Basin,
the Outeniqua Basin, and the Orange Basin of southern Africa (Figures 3c and 3d). Note that Case 3 is
not specifically designed to reconstruct the topographic evolution of southern Africa. Given the simplicity
of the model set up, we compare the trends of changes in sediment flux and their relationship with the for-
mation of subaerial unconformities rather than the exact timing and amplitudes of the changing
sediment flux.

Based on the drainage and sedimentary evolution in Case 3, it is possible to propose that the Southern
African landscape was shaped by migration of the plate over a mantle superwell during Cretaceous times.
The low sediment flux to the SouthernMozambique Basin before 113Ma (Figure 3d), similar to the low sedi-
ment flux to the Southeast basin from 5 to 12 Myr (Figure 3b), could have been induced by dynamic uplift
that would have prevented rivers from draining eastwards (e.g., R1 and R2 in Figure 1b). Diverted rivers
would instead have fed the Outeniqua Basin and the Orange Basin (e.g., R2 in Figure 1b), explaining their
large sediment flux over the same period (Figures 3b and 3d). From 113 to 92 Ma, the enhanced sediment
flux to the Southern Mozambique Basin could have been induced by the rejuvenation of diverted rivers that
would have resumed draining eastwards (e.g., R1′ in Figures 1c and 3d). As a result, the sediment flux to the
Outeniqua Basin and the Orange Basin would have been reduced during that period (Figures 3b and 3d). In
the Southern Mozambique Basin, an erosional unconformity (92 Ma) and well‐defined forced regression
wedges indicate marginal uplift at around 95–90 Ma as well as the termination of the uplift (Braun et al.,
2014). The significantly increased sediment flux to the Southern Mozambique Basin is similar to that
induced by the dynamic subsidence applied in our model (Figures 3b and 3d). Two stratal unconformities
are documented for the Outeniqua and Orange Basins (Guillocheau et al., 2012; Tinker et al., 2008b). Our
model suggests that the uplift of the Outeniqua Basin at 76 Ma and the uplift of the Orange Basin at 66
Ma could reflect the westward migration of dynamic uplift. Furthermore, the propagating uplift across the
source region would have been consistent with the enhanced sediment flux to the Outeniqua Basin between
92 and 76 Ma and to the Orange Basin between 92 and 66 Ma (Figures 3b and 3d).

Braun et al. (2014) suggested that the mean erosion rate of the Southern Africa plateau could have been 100
m/Myr, which is much larger than the predicted average erosion rate (~12 m/Myr) of the central plateau for
Case 3. The difference could be due to several factors, including climate, lithology‐related erosion efficiency,
and paleotopography. Models with more sophisticated forcing conditions may make it possible to better
reconstruct the surface dynamics of Cretaceous Southern Africa.

5. Discussion

Offshore depositional histories can be used to reconstruct upstream erosion in a source‐to‐sink context
(Hampson et al., 2014; Helland‐Hansen et al., 2009; Tinker et al., 2008a) and to constrain the tectonic history
(Calvès et al., 2018; Clift et al., 2006; Pechlivanidou et al., 2018). Enhanced sediment flux often corresponds
to increased inland incision which can be related to upstream uplift (Baby et al., 2019; Braun et al., 2013,
2014; Ruetenik et al., 2016). Our Case 3 predicts an increase in the average offshore sedimentation rate dur-
ing uplift of the central plateau between 10 and 20 Myr (Figure 1h). However, Case 3 also suggests that local
offshore sedimentation can be affected by complex drainage reorganizations, blurring the tectonic history of
the sediment source. For example, the increased sediment flux to the South Basin from 7 to 9Myr (Figure 3b)
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is sourced from rerouted rivers from the eastern domain and is not associated with the uplift of the central
plateau (Figure 1b). Counterintuitively, we also find that a reduced sediment flux can be induced by an uplift
event. Indeed, the negligible sediment flux to the Southeast Basin from 5 to 10 Myr (Figure 3b) is related to
margin uplift (Figure 1b).

The distinct stratal architectures along themargin in Case 3 are related to the relationship between the direc-
tion of propagation of the dynamic topography and the direction of sediment transport (Figure 3). To better
understand those potential correlations, we pick nine offshore deltas along the margin (Figure S2) and
reconstruct their sediment flux histories as well as stratal stacking patterns, based on which we summarize
three types of sedimentary responses to a migrating dynamic topography (Figure 4). From Types 1 to 3, the
direction of the migrating dynamic topography and that of sediment transport are opposite, perpendicular,
and parallel respectively. In Type 1, sediment flux is negligible during dynamic uplift but significantly
increases during dynamic subsidence. In Type 2, sediment flux is enhanced before dynamic uplift, it notably
decreases during dynamic uplift and slightly increases during dynamic subsidence. In Type 3, sediment flux
reveals a notable increase before the dynamic uplift phase. However, it remains large during dynamic uplift
and decreases during the dynamic subsidence phase.

Figure 3. (a) Cumulative erosion and deposition for Case 3 at 25 Myr. Three marginal basins are considered: The Southeast, South, and Southwest Basins.
(b) Sediment flux to the three basins from 0 to 25Myr. The red and blue boxes show the time period during which the domain experiences uplift and subsidence. The
timing of the subaerial unconformity (SU) formed at each basin is also indicated. (c) Offshore basins of Southern Africa (modified from Braun et al., 2014).
(d) Sediment flux to the SouthernMozambique, Outeniqua, and Orange Basins across the Cretaceous Period (Guillocheau et al., 2012; Said et al., 2015; Tinker et al.,
2008b). The timing of the subaerial unconformity (SU) is indicated for each basin.
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The stratal stacking patterns extracted at deltas 3, 5, and 7 share a common feature which is the formation of
subaerial unconformities. Those unconformities are diachronous along the margin, as the sediment supply
history driven by the laterally migrating dynamic topography is diachronous. This suggests that variations in
sediment supply play a significant role (even a dominant role at delta 5) in controlling the formation of
unconformities, supporting the supply‐dominated sequences (Zhang et al., 2019). Our results can also pro-
vide important insights into identifying those supply‐dominated sequences in outcrop and in the subsurface.

We further find that the duration of the depositional hiatus mirrors the duration of the dynamic uplift or
subsidence (10 Myr in Case 3; Figure 4). The difference in the timing of the depositional hiatus for different
deltas reflects themigration velocity (distance between two deltas divided by the difference in the initial time
of the sedimentation gap) of the dynamic uplift. This suggests that series of erosional or depositional events
could be correlated to identify the propagation of past dynamic uplift events.

Although dynamic topography is best identified for wavelengths greater than 2,500 km (Davies et al., 2019),
wavelengths as short as ~300 km have been proposed (Hartley et al., 2011; Rudge et al., 2008). These short
wavelengths interact with isostatic and flexural topography (e.g., McKenzie, 2010). We thus consider in
Case 4 a wavelength of dynamic topography reduced to 300 km. This dynamic topography results in a cycle
of 300 m uplift in 3 Myr and 300 m subsidence in the following 3Myr. Its average rate of change (100m/Myr)
is comparable to the uplift of the northwest coast of Europe by >550 m in 2–3 Myr (Hartley et al., 2011). Our
results show that although the propagating dynamic topography also induces river rerouting
(Figures S3a–S3c), the drainage reorganizations do not last long enough to affect the erosion and deposition
patterns, illustrating the response time of landscapes to external forcing. In contrast to Case 3, the central
plateau in Case 4 is symmetrically eroded (Figures S3a–S3d), and offshore basins are of comparable sizes
(Figure S3d). The effects of dynamic topography on marginal stratal stacking patterns and sediment supply
histories are also less pronounced in Case 4 (Figures S3e and S3f) compared to Case 3.

Figure 4. Three types of sedimentary responses to a migrating dynamic topography, depending on the angular relationship between the direction of dynamic topo-
graphy migration and the direction of sediment transport. Nine individual deltas are picked (see locations in Figure S2 in the supporting information).
Sediment flux histories are reconstructed for each delta. The time frames of the dynamic uplift and subsidence experienced by each delta are also indicated. Stratal
stacking patterns are built up along dip‐oriented profiles extracted at deltas 3, 5, and 7, respectively. The timing of the subaerial unconformity (red curve) is indi-
cated for each stratal stacking pattern.
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6. Conclusions

We present a series of generic source‐to‐sink models to investigate the impact of dynamic topography on
landscape evolution and stratigraphic formations. We show that source‐to‐sink systems respond differently
to a migrating wave of dynamic topography and sea level fluctuations. Contrary to sea level variations,
dynamic topography induces significant reorganizations of river networks and drives complex erosion and
sediment routing responses in the source region. Variations in sediment supply, depending on the relative
directions between dynamic topography propagation and sediment transport, contribute to the formation
of diachronous unconformities along the margin. Long‐wavelength dynamic topography (e.g., 1,000 km)
has a greater impact on drainage reorganizations and sedimentary architectures than short‐wavelength
dynamic topography (e.g., 300 km). Correlating similar offshore depositional events has the potential to con-
strain the evolution of past dynamic topography. Ourmodel also predicts, to the first order, the sediment flux
histories along the southern African margins during Cretaceous times. We finally show that source‐to‐sink
modeling approach provides an efficient and powerful tool to explore the interplay between dynamic topo-
graphy and surface processes. It can help decipher the geomorphic and stratigraphic signals of dynamic
topography in the geological record.
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