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Volcanic rifted margins are typically associated with a thick
magmatic layer of seaward dipping reflectors and anomalous
regional uplift. This is conventionally interpreted as due to melting
of an arriving mantle plume head at the onset of rifting. However,
seaward dipping reflectors and uplift are sometimes asymmetri-
cally distributed with respect to the subsequent plume track. Here
we investigate if these asymmetries are induced by preexisting
lateral variations in the thickness of continental lithosphere and/or
lithospheric stretching rates, variations that promote lateral sub-
lithospheric flow of plume material below only one arm of the
extending rift. Using three-dimensional numerical experiments,
we find that South Atlantic rifting is predicted to develop a strong
southward asymmetry in its distribution of seaward dipping re-
flectors and associated anomalous relief with respect to the Tris-
tan Plume that “drove” this volcanic rifted margin, and that the
region where plume material drains into the rift should experience
long-lived uplift during rifting—both as observed. We conclude
that a mantle plume is still needed to source the anomalously
hot sublithospheric material that generates a volcanic rifted mar-
gin, but lateral along-rift flow from this plume, not a broad start-
ing plume head, is what controls when and where a volcanic rifted
margin will form.
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At a volcanic rifted margin, the transition from rifting to
spreading is associated with the generation of much thicker

than normal oceanic crust (1, 2), and the formation of pervasive
magmatic seaward dipping reflectors (SDRs) (1, 3). Conven-
tionally, this is interpreted as the byproduct of melting of
hotter-than-average mantle associated with the recent arrival of
a plume head in the region, the plume head’s center being lo-
cated near the starting point of the postrift “hotspot track” of
seamount volcanism caused by melting in the upwelling plume
conduit (4–6).
In the North Atlantic this spatial pattern crudely holds

(Fig. 1A), with the Iceland hotspot track located roughly in the
center of the region of SDRs associated with Greenland-
European rifting. In contrast, South Atlantic rift-related volca-
nism does not fit this pattern, because the Tristan hotspot track
is located near the northern edge of the region with SDRs (7)
(Fig. 1B). Such an asymmetric relationship is not unique to the
South Atlantic. For example, Seychelles/Deccan rifting over the
Reunion plume has excess rifting-related volcanism along the
Seychelles platform that lies to one side of the Chagos-Laccadive
hotspot track of the Reunion Plume (8, 9).
Furthermore, the South Atlantic Margin also has a clearly

anomalous pattern of subsidence before the time of SDR em-
placement (Fig. 2 A–C) (10–12). The Santos and Campos basins
near the latitude of the later Tristan Plume track experienced
rifting without normal rift-related subsidence (11, 13, 14)
(Fig. 2 D–G), which led to the development of a long-lived ex-
tended shallow carbonate platform (Fig. 2 D–G) and the forma-
tion of salt deposits in these basins (Fig. 2 A–C). Well-accepted

reconstructions by Torsvik et al. (10) and Karner and Gamboa
(11) imply this anomalous uplift occurred >10 My after the
eruption of the Parana-Etendeka flood basalts, inconsistent with
the interpretation of the conventional model that the generation
of SDRs should reflect the time that the starting plume head first
impacted the about-to-rift lithosphere.
Here we investigate a different plume-linked hypothesis for the

generation of excess volcanism and SDRs during early plume-
influenced continental rifting. In this scenario, lateral plume
drainage is shaped by both lateral variations in the initial thickness
of continental lithosphere, and along-strike variations in the ge-
ometry and opening rate along the rift. Numerical calculations
predict that these tectonic variations will induce ponded plume
material to be pulled southward from the Tristan plume during
early South Atlantic rifting (see Fig. 3 A–D and SI Appendix,
Animations 1–8).

Methods
This scenario, while simple in concept, is challenging to explore numerically as
it involves both buoyant three-dimensional (3D) mantle flow and strong
lateral variations in lithospheric strength/temperature that shape viscous
mantle flow. To properly account for narrow plume conduits and the
buoyancy effects of hot plume material requires high spatial resolution of
order ∼10 km or better. Usually this type of flow calculation has been done
within a high-resolution regional model. The conundrum associated with
this choice is that it requires the accurate definition of artificial boundary
conditions around the region of interest that are difficult to apply in such a
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way that they do not artificially influence large-scale flow within the solu-
tion region. For example, a study by Burov and Gerya (15) to study the in-
teraction of lithospheric stretching and a starting plume head used idealized
boundary conditions that were a combination of pure and simple shear
along the sidewalls of their computational box, free slip on any sidewalls
without prescribed pure or simple shear, and material being allowed to flow
into the top or base of the box to ensure mass conservation. A later 3D
rifting study (16) used the same code to investigate plume–rift interaction
beneath a segmented Iceland–Greenland-like rifting margin. For simplicity,
the sidewalls in this 2,600 × 3,000-km-wide by 635-km-deep model region
were treated as closed free-slip boundaries, a choice which led to the for-
mation of artificial downwellings along the two sidewalls that opposed the
rift axis. A “nested model” approach (compare refs. 17,18) was used to
model the long-term interaction of the Tristan Plume with the evolving
southern Mid-Atlantic Ridge (19). Here, boundary conditions for the com-
putational region were determined from a coarser global solution that did
not contain the same local plume fluxes. This choice has the potential ad-
vantage that it allows one to explore the far-field influence of global
buoyancy-driven flow on the regional calculation (compare refs. 18,19) but it
can be problematic if the global solution used to create the time-dependent
regional boundary conditions does not accurately model the appropriate
local plume inflow and its associated outflow from the region. Assumptions
about where and how much outflow will occur to compensate for additional
local plume inflow can also artificially influence the solution. For example,
solutions in ref. 19 had relatively minor along-rift flow of plume material
because their plume outflow was prescribed to occur in the plate-spreading
direction.

Here we use a variable resolution global mesh (SI Appendix, Figs. S1 and
S2) to circumvent these difficulties. A high-resolution (∼10-km node spacing)

portion of the mesh is generated within a subregion of interest (SI Appen-
dix, Fig. S1E) that forms only a small volume fraction of a variable resolution
global mesh designed to adequately resolve exterior large-scale mantle flow
(SI Appendix, Figs. S1A and S2). In our models, ∼70% of the mesh’s
degrees-of-freedom is concentrated within the high-resolution region of
interest that contains only 0.25% of the total mantle volume. Buoyancy
effects are only present within the high-resolution subregion. This approach
avoids the need to accurately define artificial time-dependent side-
boundary conditions around the high-resolution region of interest. The
only boundary conditions needed in this approach are the standard as-
sumption of free slip along the core–mantle boundary, and a prescribed
evolution of global plate motions along Earth’s surface. For consistency with
previous studies, we use a well-accepted GPlates global plate motion history
(Caltech_Global_20101129.rot and Caltech_Global_20101129.gpml) (20) (SI
Appendix, Fig. S3) for the time interval of interest. Local plume inflow and
temperature are imposed through use of a high-resolution cylindrical plume
subregion that stretches from the base of the high-resolution portion of the
mesh to 670-km depth. Within the 200-km-diameter plume cylinder, the
plume’s radial velocity distribution and excess temperature are prescribed to
be a time-independent parabolic vertical upflow and a time-independent
Gaussian temperature profile with a maximum temperature of 1,450 °C
along the central axis of the plume that decreases to the background mantle
temperature of 1300 °C along the outer radius of the plume. Temperature
along the model’s top surface is prescribed to be 0 °C, and along the
core–mantle boundary surface is prescribed to be 1300 °C. (See SI Appendix
for further details.). As buoyancy effects are only present within the high-
resolution subregion, regional plume outflow will take the path of least
resistance consistent with the regional viscosity structure and surface plate
motions. The only bottleneck to this approach is the need to build an

BA

Fig. 1. Cartoon sketch of symmetric “North Atlantic” (A) and asymmetric “South Atlantic” (B) modes of plume–rift interaction. (A, Top) GPlates-based
[Caltech_Global_20101129 (20)] reconstruction of the North Atlantic rift system at ∼50 Ma. Black shows the extent of volcanic rifted margin/SDR rocks. Red
circle shows inferred plume location at the time of formation of SDRs. Purplish areas show regions of earlier rift extension. (A–A’) Location of the cross-section
shown at the bottom. (Bottom) Cartoon sketch of the proposed mode of lateral plume flow in a rift system with symmetric along-rift flow away from a
centrally located plume source. This mode will happen if there are not strong lateral along-rift variations in age/thickness of the rifting lithosphere, and
relatively uniform extension rates to the north and south of the plume source. (B, Top) GPlates-based [Caltech_Global_20101129 (20)] reconstruction of the
South Atlantic rift system at ∼115 Ma. Black and gray colors show the regional distribution of SDRs (volcanic rifted margin), and salt (nonvolcanic rifted
margin). (SI Appendix contains further details.) Red circle shows inferred plume location around the time of formation of SDRs. (Bottom) Cartoon sketch of
the proposed mode of asymmetric lateral flow along the rift system from a plume source that can lead to a South Atlantic-like distribution of volcanic and
nonvolcanic rifted margins with respect to the plume source.
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appropriate variable resolution mesh. For this we use an algorithm (21) in-
spired by the DISTMESH approach to mesh generation (22).

Lateral plume drainage is also sensitive to initial thickness variations in the
prerift lithosphere. For example, Steinberger et al. (23) show an example of
this where variable lithospheric thickness in the Greenland region affects the
long-term flow of Iceland plume material. Here we define initial South
American/African craton regions to have an initial lithospheric thickness of
240 km. Noncratonic/mobile belt regions are presumed to have a thinner
initial lithospheric thickness of 130 km (Fig. 3 A, Right Inset and SI Appendix,
Fig. S4). Craton distributions are taken from de Wit et al. (24). The 3D
parallel-computation solutions discussed here were computed on a 2012 Dell
workstation with 48 cores and 256 Gb of shared memory, with a typical run
taking ∼3 wk to complete. SI Appendix contains a description of the nu-
merical techniques and code, mesh generation, and boundary conditions
used in these calculations.

Results
Early Evolution. Fig. 3 and SI Appendix, Animation 1 show a
typical example of the evolution of along-rift flow of plume
material for a plume source near the paleo-latitude of the
Tristan Plume. Because of the combined effect of thicker cra-
tonic lithosphere to the north (Fig. 3 A–C, Right and Fig. 4C) and
lateral suction toward the more rapidly stretching rift sections to
the south (Fig. 4A), plume material is preferentially pulled to-
ward the southern sections of the rift. Progressive infill of
buoyant hot plume material beneath the southern sections of the
rift leads to corresponding asymmetric uplift of the rift regions
that overlie plume material (Fig. 3 A–D, Bottom Left Insets,
Fig. 3E, and SI Appendix, Animation 2 ), even when the litho-
sphere in these regions is still too thick for the plume material to
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Fig. 2. (A) Africa (SAf) and South America (SAM) shown in a South Atlantic plate reconstruction for 117 Ma (12), with SAf fixed in present-day coordinates.
Note the contrast of intrabasin architecture from north to south, with northern compartments defined by sigmoidal intrabasin fault trends that separate
structural lows from structural highs. This region coincides with the area occupied by the Aptian Salt basins of Central Atlantic. Southward around ∼17°S, a
succession of intrabasin highs and lows terminates abruptly against SDRs. This coincides with the boundary of the region with evidence of long-lived plume
influence during rifting. The legend defines map symbols used. Modified from ref. 12, which is licensed under CC BY 3.0. Additional data from ref. 10. (B and
C) Depth‐converted conjugate Santos-Benguela transect through the central portion of Central Atlantic. This transect shows the surface at ∼117 Ma, but
includes later deformation that is also present in the present-day seismic records. Transect location shown in Fig. 2A. Note that this margin is extremely
asymmetric. (B) The wide margin, located in the Brazilian side, shows landward dipping normal faults, which change polarity to basinward faults after passing
by a proximal dome defined by deep reflector bands buried below Late Barremian [126-123 Ma, deposited in shallow euxinic fresh water and alkaline lakes
rich in magnesium (11, 13)] and Early Aptian [123–117 Ma, highly saline, deposited in arid shallow-water conditions (11, 14)] sediments. We interpret this
feature to be exhumed lower crust. To its east, the upper crustal structure is defined by eastward-verging rotated blocks, with synrift sediments progressively
younging oceanward, separated by basement hinges. (C) In its opposing conjugate side, the Benguela basin is extremely narrow, but shows a similar ar-
rangement of ocean younging internal compartments. (D–G) Details of the synrift sedimentary infill and basement hinges that mark different uplift episodes
associated with oceanward migration of deformation. Both margins are covered by salt layers and post-Aptian to modern sediments.
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Fig. 3. (A–D) Snapshots of the 3D evolution of lateral plume transport beneath a South Atlantic scenario for plume–rift interaction for model L1F15 that
assumes a plume flux of 15 km3/y and the starting plume location shown in Fig. 4B. (E) Snapshots of the corresponding plume contribution to anomalous
surface relief. Tecplot 360 was used to create these figure panels. (A–D) Three-dimensional images showing the geometry of the plume material at different
times after rift initiation: (A) 6.06 My (e.g., ∼124 Ma), (B) 12.05 My (∼118 Ma), (C) 18.08 My (∼112 Ma), and (D) 28.08 My (∼102 Ma). Each primary panel shows
a perspective view of the semitransparent isosurface of plume material superimposed onto a horizontal cross-section of the logarithm of viscosity at the base
of the high-resolution subregion and four vertical cross-sections along the ridge axis. Colors represent the logarithm of viscosity in Pa-s (see color bar in A).
The plume material is defined here by the semitransparent red isosurface of log(Visc/Pa-s) = 18.2. The velocity field and isotherms every 200 °C in the vertical
cross sections are represented by arrows and white lines, respectively. Velocity arrow length scale for a speed of 80 mm/y = km/My is shown near the bottom
of each panel. Black line represents the plate boundary. Right, subpanels: top view of the 3D evolution shown in the corresponding main panel. The isosurface
with a temperature of 1,170 °C is colored as a function of depth to show the lithospheric thickness variations (see color bar in right subpanel of A). Plume
material is represented by the semitransparent red isosurface of log(Visc/Pa-s) = 18.2. Color arrows represent top surface plate motion directions and speeds
(see rainbow-colored bar in right subpanel of A). Gray lines and black thick lines represent reconstructed coastlines (including potential plate-reconstruction
faultlines within continents) and plate boundaries, respectively. Capital letters show the ends of the along-ridge profiles shown in bottom left inset of each
left panel. Numbers between () brackets show the full opening speed in mm/y. (Insets, Bottom Left) Plume contribution to axial topography in kilometers. The
red horizontal line represents where plume material is present beneath the ridge profile. (E) Color maps of plume contribution to anomalous topography in
kilometers, at the same times as A–D. Underlying plume material is represented by the semitransparent shaded isosurface of log(Visc/Pa-s) = 18.2. Black thin
and thick lines represent reconstructed coastlines and the plate boundaries, respectively. Capital letters show the ends of the along-ridge profiles shown in
A–D. Numbers in parentheses show the local full opening speed in km/My.
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decompress enough to melt. Southward lateral flow beneath the
rift is associated with small amounts of decompression induced
by stretching and lithospheric thinning. However, the largest
decompression and deepest decompression melting of plume
material would only occur when it flows upward within its deeper
quasivertical conduit and beneath the upward sloping sublitho-
spheric region between the plume stem and rift axis (see Fig. 3
and SI Appendix, Animations 1 and 2). Fig. 3 A–D, Bottom Left
Insets and Fig. 3E show the corresponding evolution of anoma-
lous relief above the rifting region (also see SI Appendix, Ani-
mations 2 and 4). After 12 My, isostatic uplift from the thermal
buoyancy of sublithospheric plume material is predicted to cause
up to 800 m of regional uplift in the northern rift regions near
the plume source, with anomalous relief slowly decreasing to-
ward southern regions of the rift axis, and rapidly decreasing
toward northern regions where plume material initially does not
flow (Fig. 3 B, C, and E). As the lithosphere progressively thins
along the rift, further decompression melting of underlying
plume-fed material starts when the lithosphere has thinned to
less than the solidus depth of this material. This occurs in the
exact southern region where SDRs are associated with South
Atlantic opening (compare Fig. 3C with Figs. 1B and 2). The
southern extent of SDRs along the rift can be used to constrain
the upwelling plume flux. Models with a constant plume flux
between 15–20 km3/y (also see SI Appendix, Fig. S5) produce

patterns consistent with the observed distribution of SDRs
(Fig. 1B).

Later Evolution. After ∼15 Ma of slow rifting, the cratonic rifting
lithosphere to the north has thinned enough for plume material
to start to flow more symmetrically north and south from the on-
ridge projection of the plume (Fig. 3 C and D and SI Appendix,
Animations 1 and 2). Initial slow northward migration of plume
material is associated with concentrated uplift along the rift axis
(see Fig. 3 A–D and E along the rift section A-B). After ∼15 Ma
of rifting, material starts to rapidly flow northward at speeds of
order 200 km/My (Fig. 4D), leading to the lateral along-rift flow
along the oblique rift section A-B that has a faster eastward
component of motion than its overlying east–west plate motions.
This region of predicted focused uplift is similar in shape and
close in location to the observed “hinge” of uplift in the Santos
and Campos Basins (marked as HU in Fig. 2A). This is also the
region where ultra-deepwater oil fields have been found offshore
Brazil, suggesting a possible plume link to the early development
of these systems.
At this point the southern regions become starved of their

underlying plume material which has flowed toward, decom-
pressed, and been consumed by rift stretching, while proximal
regions north and south of the plume are still being supplied by
local along-rift flow.

A B

C D

Fig. 4. (A) Full opening speed in mm/y of the South Atlantic between 130 and 100 Ma, taken from the Caltech_Global_20101129 (20) kinematic plate re-
construction. Capital letters refer to the ends of the profiles shown in the panel’s inset. Gray color delimits the time with an abrupt acceleration in opening
speed. (B) Average southward speed of plume material for every 2-My interval after the plume material reaches the rifting region. Speed is measured at the
front of the migrating plume material. Vertical dotted line at 114 My marks the time when the northward passage between Sa ̃o Francisco and Congo cratons
had opened enough to permit significant northward migration of plume material. Line colors and patterns are shown for model experiments with different
plume fluxes (F15 =15 km3 y−1, F20 = 20 km3 y−1), and plume starting locations are shown by the red triangles in the inset to this panel. (C) Rift axis lith-
ospheric thickness—defined at the depth of the 1,170 °C isotherm—as a function of time at locations A′, A, B, and B′. Note how the northern rift axis
lithosphere is much thicker than rift lithosphere to the south, and only thins to <80 km at ∼117 Ma, ∼13 Ma after the onset of model rifting. Rifting lith-
osphere progressively thins southward because rift opening rates increase southwards (A). Lateral spatial variations in lithospheric thickness are also shown in
snapshots in right-hand panels in Fig. 3A. (D) Average northward speed of plume material for every 2-My interval in the time interval when plume material
began to rapidly move northward into the thinning rift system. Rapid northward flow starts ∼115 Ma, ∼15 Ma after the onset of model rifting. Line colors and
patterns defined in B, Inset.
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Similar patterns of plume flow are predicted to occur if the
plume was initially located at a similar paleo-latitude on the
African side of the proto-rift axis at location L1b in Fig. 4B (SI
Appendix, Animations 7–8). Only when the initial plume is lo-
cated ∼1,000 km to the south (L3 in Fig. 4B), in a location
completely inconsistent with the postrift location of the Walvis
Ridge plume track, would initial rifting be associated with sym-
metric north- and southward expansion of plume material along
the southern section of the South Atlantic Rift (SI Appendix,
Animations 9–10).
The predicted time progression of plume-rift influence is the

following:

1) Southward lateral plume flow beneath thinning rift litho-
sphere leads to anomalous uplift in the rift sections south
of the proto-Tristan plume.

2) Significant sublithospheric melting starts only after the pe-
riod of lateral infill of plume material, as the lateral infill
phase itself is associated with little direct decompression-
induced melting. After the lithosphere has thinned enough
so that the plume material’s temperature at the base of the
lithospheric exceeds its solidus, then further decompression
induced by rift stretching will be associated with SDR crea-
tion in the stretching regions which overlie warm plume ma-
terial. This implies that SDR formation should occur after
the onset of anomalous uplift, and well after the formation of
the initial Tristan-plume-linked melting event that created the
Parana-Entendeka flood basalts.

3) As the rifting rate increases, the region of plume influence
along the evolving rift shrinks (Fig. 3 C and D). After
breakup it becomes more nearly centered on the region
where the plume is closest to the spreading center (Fig. 3D;
also see ref. 25). This reflects the fact that the initial phase of
slow rift extension creates relatively little sublithospheric
space to “consume” plume material by plate stretching,
thereby favoring long-distance lateral migration of lower vis-
cosity plume material along the growing rift axis.

Discussion
This scenario for plume–rift interaction beneath geologically
reasonable lithosphere with thicker prerift cratonic and thinner
prerift mobile belt regions explains several apparent enigmas
associated with South Atlantic rifting: 1) It explains why the main
regions of SDR development lie south of the proto-Tristan Plume
location and the postrift Tristan Plume location at the Walvis
Ridge–Africa junction; 2) It offers a quantitative prediction of up
to ∼800 m of anomalous uplift from only the thermal buoyancy of
sublithospheric plume material and lithospheric heating beneath
rift sections near the plume–rift junction, with even more anom-
alous uplift possible from incorporation of plume melts, and
heating from melt passage through this lithosphere (see ref. 26 for
an assessment of these effects).
In this scenario there is no need for a starting plume head to

create SDRs along a volcanic rifted margin. Instead, the com-
bination of a preexisting plume and rifting could form SDRs, as
seems clear for the cases of the Iceland (27) and Reunion/
Deccan plumes (28). This scenario is consistent with the obser-
vation that rifting along the southern South Atlantic margins
appears to start with an early magma-poor rift stage, and evolves
to a magma-rich breakup stage (29), an observation inconsistent
with straightforward interpretations of a plume-head source for
the creation of SDRs (e.g., ref. 5). It is also consistent with the
observed time lag between the onset of well-developed seafloor
spreading to the south of Santos and its onset at Brazilian–
Angolan rift zones to the north of the Campos Basin (Fig. 2A).
Finally, it can explain the delayed subsidence of the Campos/
Santos Basins (Fig. 2) as being a byproduct of these basins having

remained along the northern edge of plume-to-rift drainage for
over 15 My (Fig. 3E).
Even so, this scenario keeps the key idea that hot plume-

sourced mantle is a key ingredient to create SDRs during rift-
ing, with the combination of this anomalously hot mantle and the
lithospheric thinning during rifting both playing a key role in the
generation of SDRs. Finally, SDRs need not be centered around
the plume itself. Instead, SDRs will form above sections of the
rift that overlie regions where hot plume material has prefer-
entially migrated and ponded. Lateral drainage of plume-
sourced mantle will be shaped by both initial lithospheric
thickness variations (19, 23, 30, 31) and along-rift variations in
opening rate that preferentially “pull” plume material toward
one side of the plume. We find the pulling effect of along-rift
variations in opening rate dominates over subtle large-scale
along-rift variations in initial lithospheric thickness. Calcula-
tions with a subtle initial 10-km-vertical/1,000-km-horizontal tilt
of the base of the lithosphere toward or away from the proto-
Tristan plume location showed very similar patterns of resulting
along-rift flow.
The lateral extent and size of the SDR region is directly linked

to the amount of plume material that can be pulled into the
growing rift, e.g., to the plume flux and the time it drains beneath
thinning lithosphere prior to breakup. The implied plume flux is
large, e.g., ∼10–20 km3/y for the Tristan Plume, so that ∼15 up-
welling plumes of this size could counterbalance the ∼300 km3/y of
oceanic lithospheric mantle that is currently being subducted.
References 31–33 discuss further global implications of this po-
tential mode of asthenospheric flow.
Apart from the “suction” effect linked to lithospheric thinning

during rifting, drainage of plume material will also be influenced
by lateral variations in initial lithospheric thickness. SI Appendix,
Animations 5 and 6 show the evolution of a run with the plume
initially passing beneath the South American craton. Once
plume material has reached the rift axis by lateral upward flow
along the base of the tilting lithosphere, it then drains along axis
in the same southwards pattern as shown in Fig. 3.
A further consequence is that, for the Iceland plume, a shift in

lithospheric drainage from westward toward Baffin Island to
eastward toward the East Greenland/European rifted margin
would naturally happen as Greenland/Europe migrated west-
ward over the plume (23, 27). This shift in drainage could induce
the large-scale jump in North Atlantic rifting from Baffin Bay to
the East Greenland margin, as well as the development of SDRs
during early rifting of the conjugate East Greenland and
Norway margins.
The models explored in this study were intentionally con-

structed to contain as many based-on-prior-literature ingredients
as possible, and—apart from the range of assumed plume
fluxes—have not been “tuned” to create a better fit to observed
structural patterns along the rift. In particular, the GPlates re-
construction used results in the plume being west of the Walvis
Ridge–African coast junction at the time of breakup. A slightly
more northeasterly initial location of the plume may better fit
uplift observations in the Campos and Santos Basins. A more
complex rift history with rift propagation (34), in particular in the
region around the Rio Grande Rise/Walvis Ridge section of the
rift, could potentially also create a better fit between model
predictions and observations. Note that new rift segments could
naturally propagate toward the Tristan plume. If lithospheric
thinning is greater beneath faster rifting regions to the south,
once filled with sublithospheric plume material, they would have
a larger anomalous regional axial elevation. This would generate
regional gravity spreading forces (35, 36) that favor the north-
ward propagation of spreading centers toward the Tristan plume,
consistent with the observed time evolution of early seafloor
spreading in the South Atlantic (34).
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Despite many model simplifications, the modeled patterns of
predicted plume–rift interaction clearly show the potential for
along-rift migration of plume material to shape the genesis of
volcanic rifted margins and the development of SDRs, and
anomalous uplift along sections of these margins. In particular,
we demonstrate that the evolution of South Atlantic Rifting may
have been dramatically influenced by early southward along-rift
migration of Tristan Plume material.

Data Availability. The M3TET_SPH MATLAB code and its
supporting data have been deposited in GitHub (https://github.
com/JorgeTaramon/M3TET_SPH). All study data are included
in the article and SI Appendix.
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