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Abstract Rift propagation is a 3D thermo‐mechanical process that often precedes continental breakup. Pre‐
existing microcontinental blocks and the associated lithospheric strength heterogeneities influence the style of
rift propagation. Interestingly, some rifts propagate into pre‐existing blocks and eventually cut through them
(e.g., the Zhongsha Block and the Reed Bank), while others bypass these microcontinental blocks forming
distinct overlapping rift branches (e.g., the East African Rift System). In this study, we use 3D numerical models
to investigate the interaction between microcontinental blocks and rift propagation under different far‐field
extension rates. In doing so, we assess the impact of mantle lithospheric thicknesses and lower crustal rheology
on the style of rift propagation. Our models reproduce the two types of rift propagation, characterized by
propagating rifts that either split or bypass the pre‐existing microcontinental blocks. We find that lithospheric
thickness exerts dominant control, while lower crustal rheology of microcontinental blocks and the extension
rate have less effect on rift propagation. Our model results can explain rift propagation patterns, block rotation
and strong lithospheric thinning in the South China Sea, the East African Rift System, and the Woodlark Basin.

Plain Language Summary Rift propagation is an essential process during continental rifting, which
rarely follows a straight line due to the heterogeneous nature of continental lithosphere. Here, we use 3D
geodynamic numerical modeling to simulate the dynamic evolution of rift propagation interacting with pre‐
existing microcontinental blocks. We find that rift propagation is inhibited by strong microcontinental blocks
with thick mantle lithosphere, while it splits through weaker microcontinental blocks. We suggest that the
strength of microcontinental blocks explains the observed pattern of rift propagation in the South China Sea, the
East African Rift System, and the Woodlark Basin.

1. Introduction
Rift propagation is a wide‐spread process during continental rifting and break up. It is an intrinsically three‐
dimensional process that is characterized by along‐strike changes in rift maturity, crustal thickness, and litho-
spheric strength. Two alternative kinematic mechanisms of rift propagation have been identified in previous
studies. One is rotational opening, which takes place when rifting occurs near the Euler pole and leads to along‐
strike changes in total extension (Bellahsen et al., 2003; Molnar et al., 2017; Mondy et al., 2018; Zwaan
et al., 2020). The second mechanism is rift propagation due to along‐strike variations in rift lithology (Balázs
et al., 2023; Gouiza & Naliboff, 2021; Koehn et al., 2008; Van Wijk & Blackman, 2005; Vink, 1982).

Microcontinental blocks are common features in extensional tectonic areas. Major examples are the Sao Paulo
Plateau (Neuharth et al., 2021), the Flemish Cap offshore eastern Canada (Srivastava et al., 2000), the Tanzania
Craton in the East African Rift System (Nyblade & Brazier, 2002). The strength contrast of such blocks relative to
neighboring lithosphere likely affects rift propagation (Courtillot, 1982; Dunbar & Sawyer, 1996; Manighetti
et al., 1997, 1998). Many microcontinental blocks feature petrological characteristics that are different from the
surrounding lithosphere, either because of a different lithospheric age or due to spatially variable deformation
histories. The strength of the continental lithosphere can be increased as a function of various factors, including
mafic lower crustal rheology, thicker mantle lithosphere, and Precambrian continental basement (Audet &
Bürgmann, 2011; Heron & Pysklywec, 2016; Pasyanos et al., 2014; X. Sun et al., 2014). Further studies indicate
that the formation of microcontinental blocks depends on the strength of the lithosphere under various conditions
of tectonic forces (Whittaker et al., 2016), rift interaction (King & Welford, 2022a, 2022b), insufficient mag-
matism (Abera et al., 2016; Huang et al., 2020), and intense metamorphism (X. Sun et al., 2014).
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Some natural examples show that rifts propagate forward by splitting microcontinental blocks located in front of
the rift tip (e.g., the Southwest South China Sea, the Woodlark Basin, the Flemish Cap‐Galicia Bank, Figures 1a
and 1b). Other examples show that rift propagation can be inhibited by microcontinental blocks leading to the
formation of distinct rift branches and to rotating blocks (e.g., the Northwest South China Sea, Tasman Sea, Sao

Figure 1. Examples of rift propagation interacting with pre‐existing microcontinental blocks. (a) Location of natural examples. Blue and black color indicates whether
rift propagation split or bypassed the microcontinental blocks, respectively. (b) Simplified tectonic setting of the South China Sea. The extent of the microcontinental
blocks is indicated by irregular circles (modified from Ding & Li, 2016). Gray shading indicates microcontinental blocks that were once separated by rift propagation.
Magenta shading indicates microcontinental blocks that stalled rift propagation. The colored circles represent oceanic crustal age (Briais et al., 1993; Seton et al., 2014).
(c–e) Plate kinematic sketches of the South China Sea (SCS) formation at different epochs (modified from Briais et al., 1993; Ding & Li, 2016; Sibuet et al., 2016). We
hypothesize that the interaction between microcontinental blocks and rift propagation controls the first‐order structure of a rift.
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Paulo Plateau, the East African Rift System, Figures 1a and 1b). As the largest marginal ocean basin in the
western Pacific, the South China Sea (SCS) is a typical example where rift propagation has been affected by pre‐
existing microcontinental blocks (i.e., the Xisha Block, Zhongsha Block, Reed Bank, Zhongjian Block, Zhenghe
Block, Figure 1b). Previous studies indicate that the Zhongsha Block and the Zhongjian Block were connected to
the Reed Bank and the Zhenghe Block during rifting and break‐up processes, respectively (Pichot et al., 2014;
Wei et al., 2015). Under the influence of microcontinental blocks, rift propagation shows two types of features. At
30 Ma, the active rift was blocked by the Xisha block such that the spreading ridge could not propagate forward
(Figures 1c and 1d). At this time, the microcontinental block did not deform dramatically and the deformation was
concentrated in narrow troughs (i.e., Xisha trough, Li et al., 2021). Subsequently, the active rift migrated
southward and formed a new ridge segment that was driven by the southward subduction of the proto‐South China
Sea (Figures 1e, Zahirovic et al., 2014). Finally, the continental rift smoothly propagated through the Zhongsha
Block‐Reed Bank and the Zhongjian‐Zhenghe blocks (Figure 1e).

Previous studies suggest that far‐field and local stresses, surface processes, mantle flow and magmatism can
influence rift propagation, leading to different directions and shapes (Jourdon et al., 2020; Schmid et al., 2023;
Steinberger et al., 2019; Sternai et al., 2021; Z. Sun et al., 2009). However, it is unclear how the rift propagation
interacts with pre‐existing microcontinental blocks. In this study, we investigate the dynamics of rift propagation
in the presence of pre‐existing lithospheric heterogeneities by using 3D thermo‐mechanical numerical models.
We vary three parameters of pre‐existing blocks in this model: mantle lithospheric thickness, extension rate and
lower crustal rheology and identify their impact on first‐order rift propagation patterns. Finally, we compare
representative models with three natural rifts, the South China Sea, the East African Rift System and the
Woodlark Basin.

2. Method
2.1. Numerical Methods

The 3D thermo‐mechanical numerical code I3ELVIS (Gerya, 2013; Gerya & Yuen, 2003), which is based on
finite‐differences and marker‐in‐cell techniques is used to simulate rift propagation affected by pre‐existing
microcontinental blocks. The conservation equations of mass, momentum, and energy are solved in a fully
staggered grid assuming an incompressible medium:

∂vi
∂xi

= 0 (1)

∂σ′ij
∂xj

−
∂P
∂xi

= − ρgi (2)

ρCp
DT
Dt

=
∂

∂xi
(k

∂T
∂xi
) + Hr + Hs + Ha + HL (3)

where v is velocity, σ′ the deviatoric stress tensor, P the total pressure (mean normal stress), ρ density, g grav-
itational acceleration,Cp heat capacity, T temperature, k thermal conductivity,H internal heating,Hs shear heating
(Hs= σ′ij ε̇ij, ε̇ strain rate tensor),Ha adiabatic heating (Ha = Tα DP

Dt , α thermal expansivity),Hr radioactive heating
with a constant value for each rock, and HL latent heating included implicitly by increasing the effective heat
capacity and thermal expansion of the partially crystallized/molten rocks (Burg & Gerya, 2005). The Einstein
notation is used for the indexes i and j, which denote spatial directions i = (x,y,z) and j = (x,y,z) in 3D. The
multigrid method is used to speed up the convergence of the Gauss–Seidel iterations for the coupled solve of
Equations 1 and 2.

We employ visco‐plastic rheology in our models. The non‐Newtonian viscous rheology is strain rate‐, pressure‐,
and temperature‐dependent. Plastic rheology is described by a Drucker–Prager yield criterion, where the yield
stress (σy) is pressure dependent (C is rock cohesion and μ is the effective friction coefficient). Viscosity due to
plastic deformation (ηplas) is computed based on the square root of the second invariant of strain rate (ε̇Π).
Eventually, the effective viscosity of rocks (ηeff) is constrained by both viscous and plastic deformation. See
further explanation of variables/symbols in Table S1 in Supporting Information S1.
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ηvis =
1
2
A

1
nε̇

1− n
n

Π exp(
PVa + Ea

nRT
)

σy = C + Pϕ

ηplas =
σy
2ε̇Π

ηef f = min(ηvis,ηplas)

The lithospheric surface is calculated dynamically as an essentially internal free surface by using a layer of
“sticky air” (Crameri et al., 2012). The layer is composed of “air” (1 kg/m3, 20 km in Y direction) which has
a low viscosity (1019 Pa s). Lower viscosity and/or greater air thickness can minimize the shear stress
(<105 Pa) below the free surface (Burg & Gerya, 2005) and behave similarly to a true free surface, which is
constrained by the numerical multigrid solver. Thus, for simplicity, surface erosion and sedimentation are
neglected to some extent.

Sedimentation and erosion processes are implemented in a simplified way. During model development and the
related crustal surface deformation, transformation of sticky air markers into sticky water occurs when these
markers move below the prescribed water level (i.e., 3 km below the initial crustal surface). Further trans-
formation of water markers into sediments occurs below the prescribed sedimentation level (i.e., 5 km below the
initial crustal surface). Instantaneous erosion is prescribed at 5 km above the initial crustal level by converting
rock markers to sticky air.

See further explanation of variables/symbols in Table S1 in Supporting Information S1 (Clauser &
Huenges, 1995; Ranalli, 1995).

2.2. Model Setup

The numerical model contains 325 (X‐axis) by 101 (Y‐axis) by 373 (Z‐axis) regular distributed nodes which
corresponds to a physical dimension of 1,296 km by 400 km by 1,488 km (Figure 2). Vertically, the model box is
composed of multiple lithological layers (i.e., continental upper/lower crust, lithosphere mantle and astheno-
sphere mantle). A microcontinental block is imposed near the center of the model (i.e., x = 300–600 km, y = 20–
140 km, z= 594–894 km). The viscous flow laws of “mafic granulite” and “felsic granulite” describe the behavior
of the lower crust of the microcontinental block and normal crust, respectively. Wet quartz rheology was used in
the upper crust of the whole model. To facilitate rift initiation on one side, we set a weak zone in upper crust and
lithosphere mantle, which is far away from the microcontinental block (i.e., x = 1,000–1,296 km).

A constant temperature boundary condition is employed at the upper and lower boundaries, and zero horizontal
heat flux across the vertical boundaries. The initial temperature field is prescribed using a linear temperature
profile between surface (with 0°C) and lithosphere‐asthenosphere boundary (LAB) (at 1300°C). Below the LAB,
the temperature gradient is 0.5°C/km. The LAB temperature of microcontinental blocks is equal to the thickness
above normal lithosphere multiplied by 0.5°C/km. An additional boundary condition is prescribed to achieve
extension with an irregular velocity, that is, 0.5 cm/yr in the lithosphere and decrease to zero in the asthenosphere
(Figure 2b). Corresponding compensation velocities are employed at the bottom boundaries, allowing for the
conservation of rock volume (Figure 2b).

We conduct a series of models where we assess the impact of the following factors on rift propagation: (a) ho-
mogenous lithosphere without pre‐existing block (Figure 2c, Figure S1 in Supporting Information S1), (b)
extension rate, (c) lower crustal rheology of the block and (d) lithospheric thickness of the block (Figures 2d
and 2e).

3. Model Results
We conduct a series of numerical models to investigate how rift propagation interacts with a pre‐existing
microcontinental block. The model results suggest two types of deformation. Type‐I models feature continuous
rift propagation with microcontinental block splitting, and Type‐II models are characterized by discontinuous rift
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propagation with deformation occurring in specific parts of the microcontinental block and in adjacent ridge
segments.

3.1. Continuous Rift Propagation Splitting the Microcontinental Block (Type‐I Models)

In the early stage of Type‐I models, the spreading center forms on one side of the model in response to the
prescribed weak zone (Figure 3a, cross section CC’). Subsequently, the spreading center propagates to the other
side of the model and splits the pre‐existing microcontinental block (Figure 3b, cross section BB’), which is
slightly stronger (due to its lower crust, prescribed by the rheology of mafic granulite) than the surrounding
lithosphere. Type‐I models result in a symmetric split of continental lithosphere and block (Figure 3c).

3.2. Discontinuous Rift Propagation Affected by the Microcontinental Blocks (Type‐II Models)

The dynamic evolution of the Type‐II models is characterized by discontinuous rift propagation (Figures 4 and 5).
In terms of the deformation intensity of the blocks, we categorize the models into Type‐IIA (Figure 4) and Type‐
IIB (Figure 5). The Type‐IIA model is a transitional model, characterized by offset rift propagation (i.e., the
formation of rift branches adjacent to the block) and a certain amount of microcontinental block splitting
(Figure 4). In contrast to the continuous rift propagation model, this type of model features blocks with thicker
mantle lithosphere that significantly hinder rift propagation. Two rift segments form on either side of the blocks
due to their increasing strength (Figures 4a and 4b, cross section BB’). Although the propagating rift deforms the
microcontinental block, it fails to fully break it, and deformation instead gets deflected right‐laterally forming a

Figure 2. Numerical model setup. (a) Initial 3D geometry. (b) Vertical cross‐section shows the configuration of the microcontinental block and velocity boundary
conditions. Colors indicate rock types (also for all following figures) specified by the color codes: 1, air; 2, water; 3, sediment; 4, reference upper crust; 5, reference
lower crust; 6, upper crust of microcontinental block; 7, lower crust of microcontinental block; 8, lithosphere; 9, asthenosphere; 10, weak zone; 11–12, oceanic crust.
(c) Blank model setup without microcontinental block. Microcontinental block models with variations of (d) extension rate, (e) rheology of lower crust (i.e., felsic
granulite, plagioclase, diabase, and mafic granulite) and lithospheric thickness (i.e., 100, 120, 140, 160, 180 km).
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new rift segment (Figure 4c, cross section BB’). The formation of the new rift branch terminates the rift prop-
agation and leads to an intense counterclockwise rotation of the central block (Figure 4d, cross section BB’).

By further increasing the strength of the microcontinental block (e.g., via increasing its mantle lithospheric
thickness, Figure 2f), we obtain the Type‐IIB model. This type of model is characterized by negligible defor-
mation of the block while the rift fully bypasses the strong lithospheric heterogeneity (Figure 5). The micro-
continental block largely inhibits the rift propagation and promotes the formation of two rift branches outboard of
the block (Figures 5b and 5c). These two rift arms compete such that if one rift branch is weaker than the other and
ultimately succeeds in continental rupture, this branch will transition to sea floor spreading while the other will be
abandoned (Figures 4d and 5d, cross section BB’). The mechanism of rift competition between these two
branches involves non‐linear weakening and strength feedback, resulting in the symmetry between the two
branches being randomly broken (Brune et al., 2023). In the end, the microcontinental block remains unruptured
and becomes a part of the plate to the left of the spreading ridge (Figure 5d). Where two ridge segments converge,
they tend to form asymmetric ocean basins (Figure 5, cross section CC’).

Figure 3. Evolution of the Type‐I continuous rift propagation model. (a–c) Model results at 11.8, 36.8, and 52.8 Myr, respectively. Left panels: 3D visualization. Gray
dashed lines show the locations of the cross sections displayed in the right panels. White lines in right panels represent the isotherms interval 200°C in lithosphere. This
model shows that relatively weak microcontinental blocks cannot inhibit rift propagation and are split apart in a symmetric manner.
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Figure 4. Evolution of the discontinuous rift propagation seen in Type‐IIA model (the lithospheric thickness of the microcontinental block is 120 km and all other
parameters are identical to the Type‐I model). (a–d) Model results at 11.8, 36.8, 52.8, and 77.8 Myr, respectively. Left panels: 3D visualization. Gray dashed lines show
the locations of the cross sections displayed in the right panels. White lines in right panels represent lithospheric isotherms in 200°C intervals. This model shows that
relatively strong microcontinental blocks inhibit rift propagation but can still be deformed and partially split.
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Figure 5. Evolution of the discontinuous rift propagation seen in Type‐IIB model (the lithospheric thickness of the microcontinental block is 160 km and the rest
parameters are identical the Type‐I model). (a–d) Model results at 11.8, 36.8, 52.8 and 77.8 Myr, respectively. Left panels: 3D visualization. Gray dashed lines show the
locations of the cross sections displayed in the right panels. White lines in right panels represent lithospheric isotherms in 200°C intervals. This model shows that strong
microcontinental blocks fully inhibit rift propagation. The block experiences only minor deformation and remains intact.
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3.3. Parameter Variations

We conduct a series of numerical models to investigate the influence of different model parameters (i.e., litho-
spheric thickness of the microcontinental block, extension rate, and lower crustal rheology). The imposed
microcontinental block in our models represents various continental terranes observed in nature (e.g., Prodehl &
Mooney, 2012), ranging from relatively young Cenozoic orogenic belts (with thin lithosphere) to old Archean
cratons (with thick lithosphere). For simplicity, we use lithospheric thickness as a proxy for the rigidity of various
continental terranes. We assess the impact of microcontinental block strength by varying its lithospheric thickness
from 100 to 180 km (Figure 2e). Model results suggest that with increased lithospheric thickness, the pattern of
rift propagation changes from continuous propagation to discontinuous propagation (Figure 6a). Rift propagation
is strongly inhibited, forming overlapping ridge segments and the deformation of the microcontinental block
becomes negligible.

We assess the influence of lower crustal rheology and extension rate on rift propagation using the reference model
with 100 km of lithospheric thickness (Figures 2d and 2e). Note that mechanical strength increases gradually from
more felsic rheology to more mafic rheology. The model results suggest that crustal rheology and extension rate
play a minor role in rift propagation (Figure 6b, Figure S1 in Supporting Information S1). In the low extension rate
model (i.e., 0.5 cm/yr), the increase in mechanical strength of the lower crust did not cause a change in the
propagation pattern (Figure 6b). However, in the high extension rate model (i.e., 0.75, 1.0 cm/yr), the influence of
lower crust rheology is enhanced (Figure 6b).

Further quantitative analysis shows that the propagation distance of the first ridge segment decreases significantly
as the lithosphere thickens (Figure 7a). The evolution of tectonic forces shows a characteristic pattern: the force
required to maintain the prescribed boundary velocities initially increase and then immediately decrease in
response to continental strength loss in the weak zone (Figures 3a, 4a, 5a, and 7b). As the rift propagates toward
the microcontinental blocks, discontinuous rift propagation models show larger tectonic forces than continuous
rift propagation models due to the thick mantle lithosphere. Lower crustal rheology has less effect on tectonic
forces in continuous rift propagation. Higher extension rates necessitate significantly higher tectonic forces, favor
rapid strain localization and promote rapid rift propagation (Figure 7c). Another interesting phenomenon relates
to vertical‐axis block rotation. The angle of rotation significantly decreases with increasing lithospheric thickness,
while the extension rate and lower crustal rheology exert less effect on block rotation (Figure 6, Figure S2 in
Supporting Information S1).

3.4. Comparison of Model Results

The models presented in this study show that interaction between propagating rifts and microcontinental blocks
may give rise to a broad range of deformation patterns. In addition, these models exhibit a major time‐dependence
of stress patterns. We compute the Regime Stress Ratio value to illustrate the evolution of predominant stress
regime and thereby the fault type in Figure 8 (see methods in the Text S2, e.g. Brune, 2014). In the early stage of
the Type‐I continuous rift propagation model, normal faults largely dominate all model types (Figure 8).
Compressional stress regimes develop on both sides of the rift, associated with GPE gradients and bending of the
lithosphere during rift shoulder formation. As the strength of the microcontinental block increases, rift propa-
gation is strongly inhibited by the block. The notable difference of the Type‐II discontinuous rift propagation
model is the different distribution of normal faults, which is determined by the strength of microcontinental block
(Figures 8e‐l). As the microcontinental block becomes stronger, the propagation of the first rift stops in front of or
within the microcontinental block (Figures 8g and 8k). The normal faults tend to be more concentrated at the
edges of the microcontinental blocks. Eventually, two overlapping rift segments surround a rotating block
resulting in an asymmetric distribution of predominantly strike‐slip and reverse faulting regimes (Figures 8h
and 8l).

Further analysis shows that there are significant differences in the crustal thinning of the continental litho-
sphere between the different models (Figure 9). At 25.8 Myr, the continental margins show a similar thinning
factor between the different models (Figures 9a, 9c, and 9e). Subsequently, the crustal thinning factor in-
creases with the strength of the microcontinental blocks (Figures 9b, 9d, and 9f). In other words, the con-
tinental margin becomes wider and thinner. The main reason for this is that the microcontinental blocks
inhibit rift propagation, allowing the continental margin to extend further. This means that margin geometry
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Figure 6. Regime diagrams showing three types of rift propagation as a function of lithospheric thickness, rheology of lower crust and extension rate. (a) Regime
diagram of microcontinental block lithospheric thickness versus extension rate. (b) Regime diagram of lower crustal rheology versus extension rate. The green, yellow,
and red squares represent the different model types. Model results indicate that lithospheric thickness has large influence on rift propagation, while crustal rheology and
extension rate have less influence.
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Figure 7.
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can be used as a diagnostic feature to assess the relative strength of microcontinental blocks. The resistance
of the microcontinental blocks is similar to the far‐field compression prescribed in the direction of rift
propagation (Le Pourhiet et al., 2018). However, Le Pourhiet et al. (2018) show that the weaker lower crust
under far‐field compression makes the continental margin wider and thinner. This contrasts with our model
results, which show that the strong lower crust and thicker lithosphere of the continental block favor highly
localized extension of the continental lithosphere (Figure 9).

4. Discussion
4.1. Implications for the South China Sea

Two‐stage rift propagation, which splits or bypasses microcontinental blocks, has been identified in the South
China Sea (Figure 10a). Our model results indicate that the difference in block strength leads to the different
types of rift propagation. In the following we interpret this finding in relation to the strength of the micro-
continental blocks occurring in the South China Sea margins (Figure 10). Geological data suggests the Xisha
Block is stronger than the surrounding blocks: (a) the Xisha Block has Precambrian basement, while the other
blocks have younger basement (X. Sun et al., 2014); (b) the crustal thickness of the Xisha Block is about 24–
26 km, which is thicker than the other blocks with about 14–20 km (Bai et al., 2015); (c) the crust of the
Xisha Block and its surroundings is more mafic than the other blocks (Huang et al., 2011; Li et al., 2021).
Taken together, all of these findings align with our model results indicating that the stronger Xisha Block
stalled rift propagation in the now‐abandoned northwest basin. Subsequently, the relatively weaker blocks (i.e.,
Zhongsha Block, Reed Bank, Zhongjian Block, Zhenghe Block) were split by the rift propagation
(Figure 10a).

In map view, the width of the continental margin increases from 400 to 1,200 km from east to west (Figure 10a).
The linear trend of the overall extension is disrupted by the strong Xisha block (Figure 10c). Based on our model
results (Figure 10b), we speculate that the wide margin and the alternately varied width are related to the dif-
ference in the strength of the microcontinental blocks. Microcontinental blocks (i.e., Xisha Block, Zhongsha
Block, Reed Bank, Zhongjian Block, Zhenghe Block) will stop rift propagation and promote continental rifting in
front of them but will be less thinned themselves (Figure 10c). In addition, there are many troughs around the
microcontinental blocks (i.e., Xisha Trough, Zhongsha Trough), which is consistent with our modeling results
(Figures 10b and 10d).

4.2. Implications for the East African Rift System

The East African Rift constitutes the largest Cenozoic continental rift system worldwide. The Eastern Branch
stretches from Afar to the Tanzania divergence, while the Western Branch extends from North Uganda to
Mozambique (Figure 11a). Seen on the scale of the entire rift, one can generalize that rifting in the north is older
and more mature than in the south of the rift system (Figure 11a, Macgregor, 2015). This is in agreement with
relatively stable plate kinematics since 12 Ma (Iaffaldano et al., 2014) that can be described by counter‐clockwise
rotation of Somalia and Rovuma relative to Nubia (Stamps et al., 2021). The comparison of present‐day faults and
the modeling results (Figures 11b–11d), shows that the microcontinental block models successfully capture first‐
order rift propagation features and block rotation kinematics. Microcontinental blocks inhibit rift propagation,
allowing new rifts to develop around the block and subsequently propagate to the sides (Figure 11c). Similar
features can be seen in the East African Rift System, where some rifts have propagated both northward and
southward (e.g., in South Ethiopia and Lake Tanganyika, Macgregor, 2015). In addition, the interaction between
the ridge segments results in an anti‐clockwise rotation (Glerum et al., 2020; Stamps et al., 2021) of the rigid

Figure 7. Quantifying rift propagation kinematics and tectonic forces for all model scenarios. (a) Rift propagation distance (defined as the position of the propagation tip
along the z axis) for models with different lithospheric thickness. A constant half extension rate of 0.5 cm/yr is used in these models. (b) Tectonic forces with varied
lithospheric thickness. Again, a constant half extension rate of 0.5 cm/yr is used in these models. (c) Tectonic forces with varied half extension rate. Here we employ a
constant lithospheric thickness of 100 km. Discontinuous and continuous rift propagation models are represented by solid and dashed lines, respectively. Quantitative
analyses indicate that thick lithosphere reduces the propagation distance and requires a higher tectonic force during model evolution. Similarly, faster extension requires
higher tectonic forces, while lower crustal rheology exerts less impact on these quantities.
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Figure 8. Fault patterns of reference models derived by strain rate (with the same amount of extension). (a–d) Continuous rift propagation splitting the microcontinental
block. (e–f) Discontinuous rift propagation with intensive block deformation. (c–l) Discontinuous rift propagation with negligible block deformation. Reverse, strike‐
slip, and normal fault regimes are mapped in red, green, and blue, respectively. The superimposed colors represent the Regime Stress Ratio (e.g., Brune, 2014), whose
color saturation is weighted by strain rate (Mondy et al., 2018). Comparison of fault patterns documents significant differences between the fundamental model types.
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Tanzania Craton (Figure 11d). A limitation of our model is that we do not include precise surface deformation
processes, which are important in the East African Rift system with the regional west‐east erosion gradient since
the Miocene (Sternai et al., 2021; Stüwe et al., 2022).

4.3. Implications for the Woodlark Basin

Rift propagation of the Woodlark Basin divided the Papuan Peninsula into the Woodlark and Pocklington Rises
(Figure 12a). Overall, the propagation pattern of the Woodlark Basin is similar to that of our Type‐I model, but the
rift and ridge branches are segmented by several transform and non‐transform offsets that are characteristic of the
Type‐II model. Figures 11b–11d shows a schematic reconstruction (Taylor et al., 2009) of plate boundary
evolution in the basin. Spreading segment 2 nucleated at 1.9–2.0 Ma and segment 3 ceased propagating westward
by 1.8 Ma. The spreading segments were separated by rifted continental crust prior to the formation of the
Moresby Transform at ∼1.5 Ma. This is consistent with our model results, which indeed reproduce the charac-
teristics of two spreading centers as well as the presence of the transform fault observed in the Woodlark Basin
(Figures 12e–12g). When rift propagation gets stalled by the microcontinental block, a new rift segment nucleates
on the other side. Thereafter, a transform fault will form and accommodate the extension of two ridge segments. It
should be mentioned that the Papuan Peninsula is not a typical microcontinental block. However, the lithospheric
thickness of surrounding rifted margins increases abruptly westward of the Moresby Transform (Martínez
et al., 1999), just like in our microcontinental block model.

5. Conclusions
We investigate the dynamic evolution of rift propagation as it encounters a microcontinental block by using 3D
thermo‐mechanical numerical models. Based on the model results, we draw the following conclusions:

Figure 9. Crustal thinning factor (β) comparison with varied strength microcontinental blocks. (a–b) No microcontinental block model (blank model). (c–d) Weak
microcontinental block model (Type‐I model). (e–f) Strong microcontinental block model (Type‐IIB model). Comparison of the crustal thinning factor indicates that
strong microcontinental blocks will inhibit rift propagation and promote the continental margin thinning.
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1. Rift propagation can be affected by pre‐existing microcontinental blocks. We propose two types of interaction.
The first type is characterized by continuous rift propagation splitting the microcontinental block, while the
second type is characterized by discontinuous rift propagation bypassing the microcontinental block and the
formation of overlapping ridge segments.

2. The lithospheric thickness of the microcontinental blocks and their associated strength exert first order control
on rift propagation patterns. If the lithosphere is thicker, rift propagation tends to be discontinuous. Lower
crustal rheology and extension rate may influence rift propagation but play a minor role.

Figure 10. Comparison of model results to microcontinental blocks of the South China Sea margin. (a) Crustal thickness of the South China Sea margin (data from Bai
et al., 2015). (b) Model results of Type‐I model shows increased thinning trend in front of the rift propagation tip. (c) Southern and northern continental margin width of
the South China Sea. We used the motion path, continental‐oceanic boundary (COB), and the unstretched continental basement limit (UCBL) of the South China Sea
margin from Bai et al. (2015) to compute the width of conjugated margins along longitude. (d) Stretching factor extracted from lines 1 and 2, which is positioned across
the Xisha Block, Zhongsha Block (Bai et al., 2015) and the microcontinental blocks in our model results. XSB, Xisha Block; ZB, Zhongsha Block; ZJB, Zhongjian
Block; ZHB, Zhenghe Block; RB, Reed Bank; XST, Xisha trough; ZT, Zhongsha trough. The black and green circles are the start of the motion path at the continental‐
ocean boundary. Gray upper and lower triangles indicate a high or low degree of thinning, respectively. These data indicate that the strength of microcontinental blocks
controls the pattern of rift propagation in the South China Sea. Microcontinental blocks promote the extension of continental margins, and it is this difference in strength
that leads to the formation of troughs.
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3. There are significant differences in stress regime patterns and fault evolution between the reference models,
most notably in terms of normal and strike‐slip faults adjacent to microcontinental blocks. Microcontinental
blocks promote the extension of continental margins, and it is this difference in strength that leads to the
formation of troughs.

4. The presence of weak microcontinental blocks, such as the Zhongsha block in the South China Sea, leads to
continuous rift propagation. The Tanzania craton represents a strong microcontinental block that cannot be
split by rift propagation and instead influences surrounding fault patterns. The strong continental margins of
the Woodlark Basin act like strong blocks that also inhibit rift propagation.

Figure 11. Application to the East Africa Rift System. (a) History of the initiation of the East African Rift System (modified from Macgregor, 2015). Different color
indicates the initial active age of faults. (b–d) Evolution of modeled fault patterns derived from strain rate. The superimposed colors represent the regime stress ratio,
whose color saturation is weighted by strain rate. During the process of rift propagation, strong microcontinental blocks like the Victoria block that is underlain by the
Archean Tanzania Craton deflect rift localization to regions adjacent of the block. Conversely, the microcontinental block is affected by the geometry of overlapping rift
branches that for right‐lateral stepovers produce counter‐clockwise block rotation. Abbreviations: Victoria (VI), Rovuma (RO), Lwandle (LW).
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