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Abstract 8 

Divergent triple junctions are stable plate margins where three spreading ridges meet. 9 

Although it is accepted that this configuration is inherited from an earlier phase of continental 10 

rifting, how post-breakup triple junctions emerge from the separation of two plates remains 11 

unclear. By documenting the strain rate history recorded in the three rift-arms of several 12 

modern and ancient triple junctions, we show that deformation is episodic and localized in 13 

only one or two rifts at any given time. We further investigate this behavior in three-14 

dimensional (3D) analog experiments of rifting, under a range of kinematic boundary 15 

conditions and containing a variety of pre-existing lithospheric heterogeneities. Deformation 16 

in the experiments is characterized by strain jumps and rift abandonment, comparable to 17 

natural observations. Boundary rotation during extension induces oblique stretching 18 

directions, along-strike strain gradients and forces significant strain jump to reduce the 19 

number of rifts segments active. Models that comprise lithospheres ranging from 20 

homogenous to containing a triple junction-like pre-existing heterogeneities, never developed 21 

a three-armed rift, where all rift segments are active at same time, at any stage. Our 22 

experimental results indicate that, unlike mature, successful, and stable oceanic triple 23 

junctions, early-stage continental rifting progresses through unstable “double-junctions” 24 

characterized by repeated strain jumps and rift failures and reactivations. 25 

 26 

Introduction 27 

Triple junctions play a critical role in the force balance that drives plate motions through 28 

time. They control the continental segmentation and the morphology and the evolution of 29 

oceanic basins. Oceanic divergent triple junctions are the most stable and long-lived 30 

configurations (McKenzie and Morgan, 1969). They originate as three rifts (R-R-R) or two 31 

rifts and a transform fault (R-R-F) in continental realms, while in their mature stage, they 32 

evolve into triple oceanic ridge or ridge-transform configurations. The emergence of stable, 33 

mature oceanic triple junctions from the fragmentation of continental lithosphere has not yet 34 

been explained by the paradigm of continental rifting, which hinges on the formation of sub-35 
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linear rift structures between two diverging plates. Divergent triple junctions’ formation and 36 

evolution remain speculative. They cannot be explained by two-dimensional (2D) rifting 37 

models and are not easily reconciled with large-scale, time-averaged plate kinematics derived 38 

from seafloor spreading anomalies and kinematic data (e.g., Gordon 1995; Wolfenden et al. 39 

2005). Therefore, when, and how continental rifts become oceanic triple junctions remains an 40 

unsolved question in plate tectonics. 41 

 42 

A long-held view of divergent triple junctions invokes initial doming of continental 43 

lithosphere above a mantle plume-head as a cause for their initiation and subsequent outward 44 

rift propagation (Burke and Dewey, 1973). However, this hypothesis has been questioned by 45 

more recent geological, geophysical, and numerical modeling studies. Many continental 46 

divergent triple junctions are associated with mantle plumes where rifts propagate inwards, 47 

towards the area of mantle plume impingement, for example in the case of the Afar triangle 48 

and South Atlantic rifts (Wolfenden et al., 2004; Koopmann et al., 2014). Burov and Gerya 49 

(2014) showed that mantle plume impingement beneath a stretching lithosphere does not 50 

produce a triple junction, and only linear rifts form. Mantle plumes weaken the lithosphere 51 

(Bellahsen et al., 2006), and related uplift generates a radial extensional stress field (Davies et 52 

al., 2019; Moucha and Forte, 2011). However, the development of many divergent triple 53 

junctions is not associated with a plume head (e.g., South Australia, Labrador-North Atlantic, 54 

South Sinai), ruling out mantle plumes as requisite features (Peace et al., 2017). In general, 55 

many natural examples of divergent triple junctions appear to have developed on pre-existing 56 

thermal and mechanical heterogeneities in the lithosphere, which significantly impact the 57 

propagation, orientation, localization, and distribution of continental rifts in 3D (Heine and 58 

Brune, 2014; Molnar et al. 2017). Although, the influence of these pre-existing structures on 59 

the development of triple junctions remains unknown.  60 

 61 

Our understanding of the long-term evolution of rifting relies on the sustained boundary 62 

forces which oriented favorably to the strike of the structures until eventual break-up. 63 

However, rifting in active divergent triple junction implies an extension in three directions 64 

which does not easily reconcile with the basic tenets of plate tectonics of two diverging 65 

plates. Boundary forces vary in magnitude during rifting, and also reorient continuously, 66 

ranging from orthogonal to non-orthogonal to rotational (Brune et al., 2014; Bellahsen et al., 67 

2005), accounting for rift complexities, such as along-axis rift segmentation, rift jumps 68 

(Khalil et al., 2020) and associated magmatism (Koopmann et al., 2014) as well as the 69 
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evolution of micro-continents (Molnar et al., 2018). For example, Koptev et al. (2015) 70 

successfully modeled a triple junction by enforcing extension from two perpendicular 71 

boundaries on a mantle plume-like weak seed. However, the arms of the triple junction in 72 

their model subsequently evolved simultaneously opposing natural examples, i.e., Afar triple 73 

junction (Wolfenden et al. 2004), where the triple junction's arms have distinct tectonic 74 

histories and evolve in different time frames. 75 

 76 

Here, we calculated the vertical strain rate “subsidence” from some well-studied inactive 77 

“failed” continental divergent triple junctions where none, one or two rift-arms reach the 78 

break-up stage. Using 3-D analog modeling of lithospheric stretching and rifting, we 79 

systematically test the role of pre-existing heterogeneities and evolving boundary conditions 80 

on the formation and evolution of continental divergent triple junctions. Comparison of the 81 

results indicates that none of the continental triple junction cases we studied, or the analog 82 

experiments, agree with simultaneous evolution of three-rift arms within a triple junction 83 

rifting configuration. Thus, suggesting that oceanic triple junctions are not inherited features 84 

and likely emerge during continental break-up and oceanization phases instead. 85 

 86 

Cases of failed triple junctions 87 

We have calculated the vertical strain rates for the available stratigraphic columns from 88 

the rift-arms of three failed triple junctions (Figure 1). These are the Benue/Potiguar, South 89 

Australia, and the North Sea, representing three different cases of triple junctions: R-R-R 90 

followed by a breakup, R-R-F and breakup, and R-R-R with no breakup, respectively. 91 

Although not exhaustive, these known cases illustrate the evolution of continental rifts under 92 

a range of different conditions. 93 

 94 

The calculated vertical strain rates quantify and illustrate the regional-scale evolution 95 

across the entire basins to support a synoptic synthesis. Water-loaded tectonic subsidence was 96 

calculated using backstripping method (Watts and Ryan, 1976), then interpolated using a 97 

cubic spline to calculate vertical strain rates following method in White (1994), while 98 

temperature-dependent density was neglected.  99 

 100 

The first example of a failed triple junction occurs during the diverging South America 101 

and Africa plates. This divergence is associated with a "quadruple" junction (Figure 1A), 102 

where the Southern and Equatorial Atlantic intersect Benue and Potiguar continental rifts. 103 



 4 

Strain curves retrieved from the coastal basins along the passive rifted margins of the 104 

Southern and Equatorial Atlantic show multiple episodic peaks corresponding to the recorded 105 

Atlantic rifting phases (Nürnberg and Müller, 1991). Onshore NE-SW Potiguar rift, on the 106 

South American side, evolved from ∼141 to 128 Myr (Lopes et al., 2018) with a recovered 107 

strain rate value around 10–15 s–1. The rift associated with an erosional event, i.e., null in the 108 

strain data at ∼125 Myr, concurrently with the onset of the Equatorial Atlantic Ocean 109 

opening. At that stage, the rift-axis shifted to an E-W direction due to the South America 110 

plate kinematics (Lopes et al., 2018), while the intra-continental NE-SW rift got abandoned. 111 

The corresponding Anambra Basin in the southern trans-tensional Benue trough, part of the 112 

West African Rift System (WARS), was nearly dormant during the separation of the two 113 

continents, as indicated by low strain rates <10-16 s–1. It got activated, associated with the 114 

Santonian compressive folding event that causes basin depocenter shift, with a strain rate 115 

peaks at 10-15 s–1 between ∼95 and 85 Ma before it faded (Wright 1981). The associated 116 

volcanism was suggested to be a consequence of the unstable R-R-F junction's kinematics in 117 

the region (Grant, 1971), while White and McKenzie (1989) proposed that far-field boundary 118 

forces caused decompression melting above a hot spot as a cause of the flood basalts in the 119 

region. Although St. Helena plume, near the junction, is suggested to contribute to the South 120 

Atlantic opening, lower buoyancy flux suggests a lesser influence in the area (Sleep, 1990; 121 

Wilson, 1992).   122 

 123 

A second example is the magma-poor triple junction in Southeast Australia that evolved 124 

into successful plate margins (Meeuws et al., 2016). The separation between Australia and 125 

Antarctica occurred along an R-R-F triple junction where the Bass Strait, and its associated 126 

basins, preserve the record of a failed rift arm. Strain rate curves show a peak activity at 100-127 

80 Myr with values over ∼10-15 s–1 in the Otway Basin and Bass Basin corresponding to the 128 

eastward propagation of the rifting (Figure 1B). The transform Tasman Fracture Zone 129 

developed ∼55-34 Myr later along the western margin of Tasmania (Gibson et al., 2011, 130 

2012), influenced by the Moyston Fault Zone, a pre-existing buried lithospheric tectonic 131 

boundary which separates the Proterozoic-Cambrian Delamerian Orogen from the 132 

Phanerozoic Lachlan Fold Belt (Gibson et al. 2013). The development of this transform fault 133 

is marked by a high strain rate of ∼10-15.5 s–1 in the western Bass Basin, while the Otway 134 

Basin and East Bass Basin were quiescent (Brown et al., 2003). Although speculative, 135 

tectonic drivers for developing the SE Australia triple junction likely involved the 136 
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superposition of two far-field boundary forces as evident from the analysis of seafloor 137 

spreading isochrons. These are, rift propagation from the west and the rotation from the 138 

northeast (Veevers and Li, 1991), and suggests that a plume was an unlikely influence on 139 

continental rifting (Meeuws et al., 2016). 140 

 141 

The North Sea triple junction represents a multistage rift system developed within an 142 

area of intersecting linear pre-existing basement weaknesses (Figure 1C). The rifting history 143 

records complex shifts in the rift axis location and a significant rotation of the kinematic 144 

velocity vector directions (Erratt et al. 1999). Strain rate curves from the major basins support 145 

an episodic rifting regime with distinctive timing. Although, the evolution of the North Sea 146 

rift associated with a near-central uplift attributed to a thermal anomaly, White and Latin 147 

(1993) questioned the hotspot influence in the area, given that the amount of the basalt in the 148 

central part is less than what a plume model predicts, while there is no record of a plume-tail. 149 

Latin et al. (1990) suggested that the doming in the Central North Sea was short-lived and 150 

relatively localized.  151 

 152 

Preceding examples illustrate the protracted episodic evolution of the three-rift arms of 153 

divergent triple junctions that do not fit in a plume-driven model of triple junction formation. 154 

This suggests that mature divergent triple junctions result from distinct rifting episodes 155 

influenced by evolving boundary forces and internal heterogeneities. 156 
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 157 
Figure 1. Left, paleogeographic reconstructions (Muller et al., 2016) using GPlate software 158 

with structural features annotated on top of some natural failed triple junctions. Right, 159 

corresponding calculated profiles of the vertical strain rate of each triple junction case. A, 160 

Benue and Potiguar rift systems formed a quadruple junction with off-cantered plume, after 161 

Wilson (1992); B, the magma-poor Otway-Bass-Tasman triple junction in Southern Australia 162 

after Gibson et al. (2013). C, North Sea rifting system with a centred thermal anomaly 163 

(plume?) after Erratt et al. (1999). EA, Equatorial Atlantic; SA, South Atlantic; s.z., shear 164 

zone; CoSZ, Coorong Shear Zone; MF, Moyston Fault; AF, Avoca Fault; HF, Heathcote 165 

Fault; CAZ, Chat Accommodation Zone; MSZ, Mertz Shear Zone; MT, Moine Thrust. 166 

 167 

Analog experiments and results 168 

Our laboratory experimental approach aims to simulate the initiation of active triple 169 

junctions and their subsequent structural evolution during divergence of two continents 170 
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containing pre-existing heterogeneities and under different kinematic boundary conditions 171 

(Khalil et al., 2020). The model lithosphere (Figure 2) consisted of a brittle upper crust, 172 

viscous lower crust, and a high-viscosity lithospheric mantle. The model lithosphere floats on 173 

a lower viscosity, higher density model asthenosphere, which provided isostatic support for 174 

the deformation (for materials and scaling, refer to Khalil et al., 2020). The north-western 175 

model boundary is fixed, while the north-eastern boundary is displaced at a controlled rate by 176 

a linear actuator. The southern boundary is dragged passively. We systematically assessed the 177 

role of far-field orthogonal and rotational extension in two different set-ups (Figure 2A and 178 

B). 179 

 180 
Figure 2. 3D sketches of analog modeling set-ups under A, orthogonal and, B, rotational 181 

extension. C, cross-section showing the different model layers (after Khalil et al., 2020). pfix, 182 

modeled fixed plate. pmov, moving plate. pdrag, passively dragged plate. lithom, model 183 

lithosphere. asthm, model asthenosphere. D, Isometric sketch showing the geometric 184 

configuration of the implemented model lithosphere weaknesses. 185 

 186 

In a first set of reference experiments (Figure 3: Models 1 and 4), we applied orthogonal 187 

and rotational kinematic boundary conditions to model lithospheres containing no pre-188 

imposed weaknesses. In the second set of experiments (Figure 3: Models 2 and 5), we 189 
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simulated three pre-existing, linear weak lithospheric-scale heterogeneities at an angle of 190 

120˚ to each other, with an initial triple junction configuration. Finally, in a third set of 191 

experiments (Figure 3: Models 3 and 6) two linear, pre-existing weaknesses, 120˚ apart, 192 

intersect a hemispherical weakness, representing a plume-related thermal perturbation. 193 

 194 
Figure 3. Analogue experiments and results. A, experiments under orthogonal extension; B, 195 

experiments under rotational extension. The first column represents the 3D geometric layout 196 

pre-existing weaknesses in the models; the second and third columns represent surface 197 

elevations of the early and late evolution stages. a-c, linear weaknesses. d, hemispherical 198 

weakness. 199 

 200 

During orthogonal extension (Figure 3A), the model with no pre-existing weaknesses 201 

(Model 1) first formed two central parallel rifts (r1a, r1b), and a later rift in the south east 202 

(r2), all of which were perpendicular to the extension direction. In the model with three 203 

intersecting pre-existing linear heterogeneities (triple junction configuration; Model 2), two 204 

initial parallel rifts (r1a, r1b) formed adjacent to the north-south trending pre-existing 205 

weakness. These rifts propagated southward and branched out to the southeast and southwest 206 

into several rift segments, but no triple-junction formed. At later stages, strain localized in a 207 

north central rift (r3) while the flanking rifts (r1a, r1b) were abandoned. With increased 208 

stretching, the central rift (r3) coalesced with the southern rift segments (r2a, r2b). The model 209 

with two pre-existing linear heterogeneities that intersect a hemispherical weakness (Model 210 

3) formed several well-defined rift zones (r1a, r1b, r2, r3, r4). Above the hemispherical 211 

weakness, the westernmost rift (r2) evolved with an orientation that was slightly non-212 
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orthogonal to the extension direction. This structure connected with the northern rift (r1a) 213 

along a rotated intra-rift block. Later in the model evolution, the western rift was abandoned, 214 

and strain localized in a newly active eastern rift (r4). 215 

 216 

Experiments with rotational extension (Figure 3B) developed similar structures and no 217 

triple junctions. The model with no pre-existing weaknesses (Model 4) developed initial rifts 218 

(r1, r2a, r2b, r3) in the model center that propagated towards the pole of rotation. In the 219 

model with three intersecting pre-existing linear heterogeneities (triple junction 220 

configuration; Model 5) formed a rift in the south (r1) that was not influenced by the pre-221 

existing weaknesses and was oriented near-orthogonal to the initial rotational extension 222 

direction. Further stretching showed progressive strain accumulation into newly formed rifts 223 

(r2, r3) that are favorably oriented, i.e., low-oblique, with the evolving stretching directions 224 

while the precursor rifts became dormant, i.e., failed rifts. A triple junction did not form in 225 

this experiment. The model with two pre-existing linear heterogeneities that intersect a 226 

hemispherical weakness (Model 6) developed two consecutive rift segments (r1, r2) that were 227 

aligned with the linear weaknesses. The eastern rift segments coalesced, and well-defined 228 

shear zones developed parallel to the extension direction, but no triple junction formed. 229 

 230 

Cumulative surface normal strain calculated for the reference model, under orthogonal 231 

and rotational extension, shows the development of a central deformed zone (Figure 4A and 232 

D). Under orthogonal extension, the model lithosphere with a pre-existing triple junction 233 

configuration show no concurrent active three-rifts, but consecutive, episodic rifts evolved 234 

(Figure 4B). This is evident from the consecutive strain peaks. Under rotational extension, 235 

the same model shows a shift in the strike of the rift-axis towards the updated extensional 236 

directions and a consequent rift abandonment (Figure 4E). The implementation of a 237 

hemispherical weakness (models 3 and 6) shows that, under orthogonal extension (Figure 238 

4C), distributive rifts develop with different timeframes while, under the rotational extension 239 

(Figure 4F), the hemispherical weakness existence contributes to the lithosphere weakening 240 

and favors two-arm rift configuration.   241 

 242 
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 243 
Figure 4. Cumulative surface normal strain in the experiments. A-C, models with orthogonal 244 

extension. D-F, models with rotational extension. A and D models contain no pre-existing 245 

weaknesses; B and E models with 3 pre-existing linear weaknesses with a triple junction 246 

configuration; C and F models with 2 pre-existing linear weaknesses, 120 apart intersecting a 247 

hemispherical weakness, simulating a mantle plume head. 248 

 249 

Discussion and Conclusions 250 

Observations from well-studied triple junctions and analog modeling strongly suggest 251 

that divergent triple junctions are result of episodic continental rifting phases with various 252 

timeframes. Thus, oceanic triple junctions are unlikely inherited from a single-phase 253 

continental rifting. 254 

The boundary forces vary in magnitude and reorient continuously, ranging from 255 

orthogonal to non-orthogonal to rotational (Brune et al., 2014; Bellahsen et al., 2005). For 256 

example, in the Afar region, the separation of Arabia and Africa was influenced by far-field 257 

tectonics, with the opening of the Red Sea and the Gulf of Aden at circa 30-25 Ma, as a result 258 

of the rotational far-field forces acting on Arabia (Bellahsen et al. 2005; Khalil et al., 2020). 259 

The third active arm, i.e., the Main Ethiopian Rift, developed later at circa 11 Ma (Wolfenden 260 
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et al. 2004). The kinematic rotational boundary condition control rift propagation 261 

mechanisms and rift geometries.  262 

Rheological heterogeneities, including the thermal and buoyancy effects of the mantle 263 

plumes, localize strain and consequently influence where and how the lithosphere deforms 264 

differently under different boundary conditions (Brune, 2014; Molnar et al., 2017; Khalil et 265 

al., 2020). Ultimately, they affect the tectonic plate kinematics and strain distribution. 266 

 267 

 268 

Although we implemented pre-existing linear weaknesses with a triple junction 269 

morphology (Models 2 and 5), triple junctions did not evolve in either orthogonal or 270 

rotational rifting experiments (Khalil et al., 2020). Instead, either a wide deformation zone or 271 

consecutive rifts developed during orthogonal or rotational extensions, respectively. The 272 

experiments suggest that a two-arm rift configuration is more likely to reach the oceanization 273 

stage due to favorable strain localization to the reoriented extension directions, i.e., rotational 274 

boundary conditions while preceding rifts got abandoned. Rift abandonment is observed in 275 

Model 5, while Model 6 exhibits a two-arm rift akin to the Red Sea-Gulf of Aden rifting 276 

(Khalil et al., 2020). These observations agree with comparable numerical models in which 277 

the success of a rift-arm is based on its favorable strike orientation to the extension direction 278 

(Heine and Brune 2014). 279 

 280 

Structures must rearrange accordingly during the long-term evolution of divergent triple 281 

junctions. Re-orientation of rifts and the consequent strain jump can be explained as an 282 

energy minimization, in which constant deformation rates applied by the boundary conditions 283 

imply that the integral of the strain rate, i.e., the dissipation, inside the model must be equal 284 

and constant. Thus, the total dissipation integrated on active rifts does not change and, as new 285 

rifts form, the deformation in old, developed rifts must cease to keep the dissipation constant. 286 

 287 

Even though a triple junction configuration is postulated to be formed due to the 288 

impingement of a mantle plume at the base of the lithosphere (Burke and Dewey, 1973), 289 

experimental work has shown that it cannot reach the continental breakup stage without the 290 

aid of bi-directional extension (Koptev et al., 2015). Our implementation of a hemispeheric 291 

weakness that simulates a mantle plume (Models 3 and 6) shows that the effect of the plume 292 

head favors distributed strain under orthogonal extension, while under rotational extension, it 293 
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favors the strain localization in the neighboring double junction rifting (Bellahsen et al., 294 

2003; Khalil et al., 2020). 295 

 296 

We hypothesize that successful triple junctions are the inheritance of multiple and 297 

distinct continental rifting phases, in which the evolution is complex and involved multiple 298 

episodes of extension, thermal subsidence, and shifting depocenters. The role of the plume 299 

was to locally weaken the lithosphere and trigger initial rifting rather than the continental 300 

breakup itself. 301 

 302 
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Supplementary information 1 425 

 426 

Backstripping 427 

Backstripping technique (Watts and Ryan,1976; Steckler and Watts, 1978) is a 428 
straightforward application to quantify the isostatic response of a stratigraphic section in a 429 
sedimentary basin (Muller et al, 2018). The aim of the backstripping is to retrieve the 430 
geohistory, e.g., subsidence and uplift, of the sedimentary basin as a function of time (Van 431 
Hinte, 1978; Fig. 3.1).  432 
 433 
We used the mud log records, of the studied wells, from literature, to obtain the present-day 434 
thickness of the different stratigraphic units, their lithologies, their petrophysical properties, 435 
and the age of the different horizons.  436 
Following the approach of e.g. Steckler and Watts (1978), Watts (1981), Alan et al (1998), 437 
and Muller et al (2018), we started by decompacting each sedimentary stratum to the time 438 
where it deposited using the following relationships: 439 

 440 

Ø! = Ø"
($!%) 441 

 442 
 443 

% (1 − Ø!)𝑑𝑧
'!()!

'!
= % (1 − Ø!)𝑑𝑧

'"()"

'"
 444 

 445 
 446 
Where Ø0 is the surface porosity of the sedimentary unit, Øz is the porosity at depth z, and c is 447 
the porosity coefficient. The values of Ø0 and c depend on the lithology of each sedimentary 448 
unit and summarize in Table 1. d0 and dn are the surface position of the sedimentary unit, 449 
during its depositional time, and the burial depth of the unit, after time n, respectively. While 450 
t0 and tn represent the original unit thickness, during its depositional time, and the compacted 451 
thickness, when the unit is at depth dn, respectively. The term (1- Øz) represents the 452 
incompressible component of the sedimentary unit, i.e., the volume of the grains, assuming a 453 
no cementation or late-stage diagenesis. 454 
 455 
To do so, we removed the overburden sedimentary load above each unit and restored its 456 
decompacted thickness by solving numerically for t0: 457 
 458 

𝑡" = 𝑡* − 𝑣𝑤* + 𝑣𝑤" 459 
 460 
 461 
where vw0 is a function of t0 and represents the original pore volume when the sedimentary 462 
unit was at the surface, while vwn represents the pore volume when the sedimentary unit was 463 
at depth dn. 464 
 465 
Consequently, we corrected the thicknesses of the underlying units and calculated the total 466 
subsidence as a sum of the units’ thicknesses at each time n. Then we separated the tectonic 467 
subsidence component from the total subsidence using the following equation: 468 
 469 
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𝑧* = 𝑠* ∗ 2
ρ𝑚 − ρ𝑏	
ρ𝑚 − ρ𝑤	

3 + 𝑤' − 𝑠+ ∗ 2
ρ𝑚

ρ𝑚 − ρ𝑤	
3 470 

 471 
Where ρm is the density of the mantle = 3300 kg/m3, ρb is the retrieved bulk density of the 472 
unit after the decompaction correction, ρw is the water density = 1000 kg/m3, sn is the total 473 
subsidence of the basin at time n, wd is the paleowater depth, sl is the sea level change. 474 
 475 
 476 
We tracked and plotted the total and tectonic subsidence with time as shown in 477 
supplementary figures (1-4).  478 
 479 
 480 

Lithology 
Density 
kg/m3 

Surface 
porosity 
%/100 

Porosity 
coefficient 

m-1 

sand 2650 0.49 0.00026998 

shale 2720 0.63 0.0005102 
dolomite 2870 0.38 0.00050352 
limestone 2850 0.51 0.00022002 
Anhydrite 2950 1E-10 0.1 

Basalt 2700 0.2 0.0002 
shaly sand 2680 0.56 0.00039002 

silt 2661 0.76 0.00091659 

carbonate sand 2710 0.48 0.00025063 

conglomerate 2600 0.5 0.0003 

clay 2735 0.76 0.00079872 
 481 
Table 1 – Porosity-depth relationships for common lithologies. Values are from Müller et al., 482 
2018. 483 
 484 
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 541 

Studied localities 542 

 543 

 544 
 545 
Figure S1 – location and subsidence data of the studied wells in the Southern Atlantic. 546 



 20 

 547 

 548 
 549 
Figure S2 – location and subsidence data of the studied wells in the Equatorial Atlantic. 550 
 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 



 21 

 559 

 560 
 561 
Figure S3 – location and subsidence data of the studied wells in the Benue trough. 562 
 563 
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 574 
 575 
Figure S4 – location and subsidence data of the studied wells in the Potiguar Rift. 576 
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 581 
Figure S5 –Subsidence data of the studied wells in the North Sea. 582 
 583 
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 584 
Figure S6 –Subsidence data of the studied wells in the Southeast Australia. 585 
 586 



 25 

References: 587 

Adda, G. W., Atta-Peters, D., & Ben-Awuah, J. (2015). Burial History, Thermal Maturity 588 

and Petroleum Generation History of the Lower Paleozoic Petroleum System in the Saltpond 589 

Basin, Offshore Ghana. Search and Discovery. 590 

Amobi, J. O., Okogbue, C. O., Mode, A. W., Ofoma, A. E., Dim, C. I., & Okwara, I. C. 591 

(2019). Regional 1D hydrocarbon maturation modelling of the Cenomanian–Turonian 592 

Lokpanta Shale, southern Benue Trough, Nigeria: Implications for the origin of Niger Delta 593 

deep sea oils. Journal of Earth System Science, 128(7), 1-17. 594 

Argent, J. D., Stewart, S. A., Green, P. F., & Underhill, J. R. (2002). Heterogeneous 595 

exhumation in the Inner Moray Firth, UK North Sea: constraints from new AFTA® and seismic 596 

data. Journal of the Geological Society, 159(6), 715-729. 597 

Böttner, C., Berndt, C., Reinardy, B. T., Geersen, J., Karstens, J., Bull, J. M., ... & Haeckel, 598 

M. (2019). Pockmarks in the Witch Ground Basin, central north sea. Geochemistry, 599 

Geophysics, Geosystems, 20(4), 1698-1719. 600 

Brown, B. J., Müller, R. D., & Struckmeyer, H. I. M. (2001). Anomalous tectonic 601 

subsidence of the southern Australian passive margin: response to Cretaceous dynamic 602 

topography or differential lithospheric stretching?. 603 

Chen, A., Jin, C., Lou, Z., Chen, H., Xu, S., Huang, K., & Hu, S. (2013). Salt tectonics 604 

and basin evolution in the Gabon Coastal Basin, West Africa. Journal of Earth Science, 24(6), 605 

903-917. 606 

Contreras, J., Zühlke, R., Bowman, S., & Bechstädt, T. (2010). Seismic stratigraphy and 607 

subsidence analysis of the southern Brazilian margin (Campos, Santos and Pelotas 608 

basins). Marine and Petroleum Geology, 27(9), 1952-1980. 609 

D'IVOIRE, C. Ô. T. E. Geology and Total Petroleum Systems of the Gulf of Guinea 610 

Province of West Africa. 611 

Dressel, I., Scheck-Wenderoth, M., & Cacace, M. (2017). Backward modelling of the 612 

subsidence evolution of the Colorado Basin, offshore Argentina and its relation to the evolution 613 

of the conjugate Orange Basin, offshore SW Africa. Tectonophysics, 716, 168-181. 614 

Gonzaga, F. G., Gonalves, F. T. T., & Coutinho, L. F. C. (2000). AAPG Memoir 73, 615 

Chapter 13: Petroleum Geology of the Amazonas Basin, Brazil: Modeling of Hydrocarbon 616 

Generation and Migration. 617 

Justwan, H. (2006). The Petroleum Systems of the South Viking Graben, Norway. 618 



 26 

Justwan, H., Meisingset, I., Dahl, B., & Isaksen, G. H. (2006). Geothermal history and 619 

petroleum generation in the Norwegian South Viking Graben revealed by pseudo-3D basin 620 

modelling. Marine and Petroleum Geology, 23(8), 791-819. 621 

Kaki, C., d’Almeida, G. A. F., Yalo, N., & Amelina, S. (2013). Geology and petroleum 622 

systems of the offshore Benin Basin (Benin). Oil & Gas Science and Technology–Revue d’IFP 623 

Energies nouvelles, 68(2), 363-381. 624 

Lopes, J. A., de Castro, D. L., & Bertotti, G. (2018). Quantitative analysis of the tectonic 625 

subsidence in the Potiguar Basin (NE Brazil). Journal of Geodynamics, 117, 60-74. 626 

Mackay, L. M., Turner, J., Jones, S. M., & White, N. J. (2005). Cenozoic vertical motions 627 

in the Moray Firth Basin associated with initiation of the Iceland Plume. Tectonics, 24(5). 628 

Meredith, W., Uguna, C. N., Snape, C. E., Carr, A. D., & Scotchman, I. C. (2020). 629 

Formation of bitumen in the Elgin–Franklin complex, Central Graben, North Sea: implications 630 

for hydrocarbon charging. Geological Society, London, Special Publications, 484(1), 139-163. 631 

Morales, E., Chang, H. K., Soto, M., Veroslavsky, G., Conti, B., Ana, H. D. S., & Corrêa, 632 

F. S. (2017). Speculative petroleum systems of the Punta del Este Basin (offshore 633 

Uruguay). Brazilian Journal of Geology, 47, 645-656. 634 

Stewart, J., Watts, A. B., & Bagguley, J. G. (2000). Three-dimensional subsidence analysis 635 

and gravity modelling of the continental margin offshore Namibia. Geophysical Journal 636 

International, 141(3), 724-746. 637 

Turner, J. P. (1995). Gravity-driven structures and rift basin evolution: Rio Muni Basin, 638 

offshore equatorial West Africa. AAPG bulletin, 79(8), 1138-1158. 639 


