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The problem of the driving source and power mechanism of plate motion
remains a major scientific issue in urgent need of resolution. Based on the
isostatic hypothesis model proposed by G.B. Airy in 1855, this study puts
forward the crustal isostatic model based on the self-weight stress field and the
assumption of the dynamic source of plate movement. It is believed that the
plate movement in the crustal layer is the result of deep magma activities, and
the mode of activity is mainly laminar flow. In terms of the dynamic mechanism,
the assumption of the magma flow mechanism is proposed. It is believed that
the magma flow is driven by the magma density gradient, and the magma
density varies with depth. By using the model and assumptions in this paper,
the two mechanical mechanisms of surface rupture and block movement are
analyzed. Taking the Chengdu block in Western Sichuan as an example, the
correlation betweenmagma flow, regional stress field, large-scale displacement
and tectonic activities is analyzed. The analysis results are in good agreement
with the actual situation, effectively explaining the morphology and activities of
typical fault activity structures in this region. The research results are helpful for
people to further understand the tectonic activities of the Earth.

KEYWORDS

plate activity, isostasy hypothesismodel, dynamicmechanism, crustal thickness, density
gradient

Highlights

• A crustal isostatic model of the self-weight stress field is proposed.
• The original model (in which the density is a constant value) is revised by using the
density function, making it more consistent with the reality.

• The controlling factor for the generation of equilibrium is not the buoyancy of the fluid
but the self-weight stress.

• The concept of the “stress equilibrium reference surface” is put forward.

1 Introduction

The dynamics sources and mechanisms of crustal regional tectonics activities are
important areas of research in Earth science. Dynamics sources typically pertain to the
initiation and driving processes that give rise to crustal activities, whereas dynamics
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mechanisms describe the manner in which these processes take
place and impact crustal regional tectonics (Xiang et al., 2025;
Rao et al., 2025). This knowledge is crucial for understanding
crustal movements and serves as the theoretical foundation for
predicting various regional geological activities, holding significant
implications for natural disaster assessment, construction site
evaluation, and mineral resource exploration, among other
applications (Zhang et al., 2011; Teng et al., 2009). As the most
widely accepted theory, plate tectonics can sufficiently explain the
basic crustal movement modes (Li et al., 2025), and advances in
this theory provide the basic framework for understanding the
dynamics mechanisms underlying crustal movements. Extensive
in-depth research has been conducted based on this theory, leading
to great progress. In terms of theoretical research, (1) studies on
mantle convection, internal thermodynamics processes of the
Earth, and ocean-land interactions are more comprehensive and
in-depth (Chen, 2021; Liu and Zhang, 2015; Yue, 2000; Zhao,
2009; Zhang et al., 2025), contributing continuously to the plate
tectonics theory (Teng et al., 2014). (2) Proposing and applying
large system science concepts and interdisciplinary research ideas
have also become a consensus in the academic community for
continuously obtaining information on the deep structure and
internal processes of the Earth (Ma and Gao, 2004; Zhang et al.,
2009; Zheng et al., 2024; Teng et al., 2010; Vries et al., 2017).
Great strides have also been made in theoretical validation research
(Liu et al., 2004). (1) Obtaining detailed information on the crust
and mantle (Zhang et al., 2015) through continuous research
on the propagation characteristics of seismic waves (Mei et al.,
2020; Zhang and Chen, 2003) helps to infer the internal structure
and properties of the Earth (Zhao et al., 2024; Zuo et al., 2017)
and provides the foundation for studying the dynamics processes
(Li et al., 2005; Qin et al., 2006). Various geophysical methods,
including gravimetry (Li, 2016; Luo, 2017; María et al., 2021),
magnetometry (Mu, 2023; Zhou et al., 2019; Boukhalfa et al.,
2024), gravitational physics (Sun, 1988), and geoelectric surveys (Xi,
2019), can be utilized to investigate the Earth’s internal structure
and crustal movements, enabling the determination of the scale,
velocity, and direction of crustal movements. (3) Numerous new
technologies, such as synthetic aperture radar (SAR) (Maleki
and Simkooei, 2024), satellite remote sensing (Dani et al., 2021),
and geophysical exploration, provide novel tools for crust and
mantle detection, allowing crustal movement monitoring on wider
scales and generating huge amounts of data on crustal activities.
(4) Numerical simulations of the internal physical and chemical
processes of the Earth (Li et al., 2021; Ying, 2019), including mantle
convection (Tie et al., 1986) and plate interactions, contributed
to a more intuitive understanding of the dynamics mechanism
of crustal movements. These validation and theoretical research
efforts mutually reinforce one another, continuously advancing
human cognitive progress. In terms of plate dynamics studies, the
mainstream research primarily involves two traditional plus one new
model (Yuan, 1978) despite the persisting controversies. Namely,
(1) the ridge push model (Liang, 2023a) represented by the seafloor
spreading theory (Vincenzo et al., 2023), (2) the stab pull model
(Liang, 2021; Chen et al., 2020) represented the subducting slab
pull hypothesis, and (3) the gravity slip self-driving model (Liang,
2023b) recently proposed by Chinese scholar Liang Guanghe and
others. Liang et al. also proposed a novel continental drift theory,

suggesting that the force driving the continuous continental drift
is not the persistent seafloor spreading. Instead, they argue that
it is the continuous upwelling of magma behind the continental
plates that propel their movement, initiating a spontaneous chain
reaction. Thus, pioneering researchers have conducted extensive
foundational, exploratory, and demonstrative work in this field,
significantly advancing our understanding. However, exploring
beneath the Earth’s surface is more challenging than reaching the
stars, considering the complexity of the deep structure and the
limitations of exploration methods. Despite important research
advances, the dynamics sources and mechanisms underlying the
Earth’s crustal plate movements remain a research hotspot and
challenge. For example, the internal deformation of plates, the
interaction between plates, and the specific processes are still
unclear. Since the continental drift theory was proposed byWegener
in Germany in 1912, H. Hess proposed the concept of seafloor
spreading in the early 1960 s, which was supported by a range of
geophysical evidence from paleomagnetism, geochronology, and
marine geology (Gao et al., 2009; Dai, 2021), gradually forming the
theoretical basis for plate tectonics. Despite extensive geophysical
and paleontological evidence later on, the dynamics sources and
mechanisms underlying plate movements remain major scientific
problems that need solving, with many black boxes to clarify.
Therefore, this study proposes refined hypotheses based on the
isostasy model to explain the geological regional tectonics in
the western Sichuan region, aiming to inspire further discussion
among peers.

2 Assumption proposal: dynamics
sources and mechanisms of plate
movements

The isostasy hypothesis is a theoretical model explaining the
crustal movements based on the theory of plate tectonics. It assumes
that the Earth’s crust is composed of multiple rock plates of different
thicknesses and densities, which move relative to the asthenosphere
of the mantle due to the thermal convection flows inside the
Earth, resulting in crustal material redistribution and topographic
changes. The isostasy model can explain geological phenomena
such as plate drift activities, orogenic movements, and earthquakes,
but certain limitations exist. For example, the density difference
assumption is unreasonable, the mantle convection model is
inaccurate, thematerial exchange and interactions between the crust
and the mantle are insufficiently considered, the plate boundary
dynamics mechanismmodel is relatively simplified, and the internal
movements of the plates are insufficiently considered. Therefore,
this study proposes two supplementary assumptions based on the
isostasy model to analyze the internal regional tectonics of the
plate.The assumptions proposed in this article are termed dynamics
mechanism assumptions of plate regional tectonics based on the
improved isostasy hypothesis model. The boundary conditions for
the proposed assumptions are as follows.The stratigraphic structure
is defined, from top to bottom, as the crustal layer, the plastic layer,
and the magma layer, with the deformation resistance of each layer
characterized by Young’s modulus E, the shear modulus G, and the
compressionmodulus ES, respectively, and thematerial morphology
and deformation resistance within and between these layers are in
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a gradient state. According to the relevant research results in the
literature, these boundary conditions align with the consensus in the
academic community.

2.1 Assumption 1: crustal movement
mechanisms

Crustal plate movement results from deep magmatic movement
(flow). The flowing magma undergoes compression deformation
and shear deformation, generating a viscous force between the
magma layer and the plastic layer. As a result, the plastic layer
undergoes ductile shear deformation, with a ductile shear zone
formed within the layer, generating a frictional force with the crustal
layer. The frictional force acts on the crustal layer, driving the
horizontal crustal movements. However, the enhanced deformation
resistance of the crustal layer generates shear stress, leading to
intralayer fractures once exceeding the shear strength.

2.1.1 Crustal surface fracture mechanism
According to Assumption 1, the middle plastic layer is

simplified, and the fracture mechanism is demonstrated in Figure 1.
The magma in layer K flows at the velocity Vk, generating viscous
shear stress τk = χ (σk, vk, ηk ··· ) within the layer, where η3 is the
viscosity coefficient within the layer. Since this shear stress is closely
related to the horizontal stress σ1 in the crustal layer, the σ1 in the
kth layer can also be expressed as σ1k = λ (σ1k, v1k, η1k ··· ).

(1) With uniform crustal thickness (Figure 1), a visco-frictional
force τk1 = χ (σk1, vk1, ηk1 • • •) is generated between crustal
layers, which is closely related to the vertical direction self-
weight normal stress σ3k = σ3k ( y). in its environment, where
y is the depth function. Meanwhile, spring-viscoelastic body
boundary conditions can be adopted, as the crustal movement
is passive. Moreover, Lattice-based modeling of geomaterial
deformation offers a microscale analog to the ductile shear
mechanisms proposed in our crustal assumptions, which
is also canbe used to explain crustal fracture mechanism
(Rizvi et al., 2020; Alsabhan et al., 2021). At this time, a unit
selected from the crustal layer as the research object follows the
compression shear failure deformation mode (Figure 2a), and
the deformation failure follows the Mohr-Coulomb strength
criterion.

(2) With increasing crustal thickness (Figure 1), the magmatic
flow velocity V1 decreases. At this time, the horizontal
direction velocity component Vx generates shear stress on
the upper crustal layer, and the vertical direction velocity
component Vy increases the magnitude of the normal stress
σ1 in the environment. This is more likely to cause stress
concentration and accelerate the development of reverse faults.

(3) With decreasing crustal thickness (Figure 1), the magmatic
flow velocity V1 increases. Similarly, the horizontal direction
velocity component Vx generates a shear stress on the upper
crustal layer, which is more likely to cause the development
of normal faults. However, the vertical direction velocity
component Vy reduces the magnitude of the normal stress σ1
in the environment, rendering it less likely for the development
of reverse faults.

Inference 1: Constructing an isopach map with reference to
crustal thickness, centered on the Earth’s core, the direction of
magmatic flow is from the thicker regions to the thinner regions,
but reverse faults occur in zones with sharp thin-to-thick changes,
and normal faults occur in dome center zones with thick-to-
thin changes (Figure 2b).

2.1.2 Plate movement mechanism
As shown in Figure 3, a finer division of each layer reveals that

the modulus value of each layer has a functional relationship with
the depth. Accordingly, the deformation distance L of each layer
has a certain functional relationship with the vertical stress σ1,
horizontal stress σ3, viscous shear stress of the next microscopic
layer τk+1, andmodulus of each layer (Equation 1), and themodulus
value of liquid, semi-liquid semi-solid, and solid states gradually
increases.The deepmagmatic flow produces compression and shear
deformations over a longer distance, which transmits to the semi-
liquid semi-solid region of the upper layer, resulting in ductile
shear deformation. However, the deformation range is reduced,
which is reduced further when transmitting to the crustal layer.
Nevertheless, the stress concentration is intensified, which increases
the probability of fracturing and even leads to shear failure when
exceeding the shear strength.Therefore, the entire deformation zone
is triangular in the profile, and the deformation range of each layer
is closely related to its stress state, rock mass (magma) density and
material state, shear stress transmitted to the lower layer, modulus
value, and burial depth (Equation 2)
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2.2 Assumption 2: dynamics mechanism of
magmatic flow

The deep magmatic movement is a flow driven by changes in
the magma density gradient. Deep within the Earth, magma exists
in a flow state with a certain density gradient. It is melted by high
probably, and its tendency to move toward lower-pressure regions
generates the flow.

The layers spanning from the crust to the mantle are not two
or three relatively uniform density bands but a gradient zone with a
certain density gradient due to the gradually increasing confining
pressure from the surrounding rock, with gradually increased
temperatures. Theoretically, a substance turns into a liquid state
when the confining pressure is large enough that the melting point
of the substance is exceeded. Admittedly, the liquid under this
condition differs greatly from the molten liquid at high temperature
and atmospheric pressure, with a greater density than the solid
state and instability, flowing toward regions with a lower density
and lower confining pressure. Therefore, it naturally moves toward
the dome position with a lower crustal thickness, which is the
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FIGURE 1
Analytical model for the crustal surface fracture mechanism assumption.

FIGURE 2
Schematic diagram of the Mohr-Coulomb shear failure mechanical model.

FIGURE 3
Ductile shear model based on the assumption.

main dynamics mechanism and the internal dynamics mechanism
of magmatic flows. This mechanism closes the loop of the theory
with the previous inference while explaining the constant crustal
thickness changes found through geophysical exploration.

Inference 2: Magmatic movement is driven by flow potential.
Specifically, due to the changes in confining pressure as magma
flows from high-density (high-confining pressure) regions to
low-density (low-confining pressure) regions, the magma density

decreases, and the flow velocity increases, which is the main
drive. Conversely, the magma density increases, and the flow
velocity decreases, which is the passive drive. The magma flows
are laminar. Therefore, the density gradient from crust to mantle
is constant, and the density at the same depth varies constantly,
i.e., the density value in the gradient varies. Where there is a
density gradient, there is a flow potential, and the magmatic
flow will proceed spontaneously. Such gradient-driven flows in
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FIGURE 4
G. B. Airy’s (1855) isostasy hypothesis model.

geological materials are supported by numerical modeling efforts
(Zarghaam et al., 2018).

3 Theoretical analysis: the improved
model based on the G. B. Airy isostasy
hypothesis

Numerous geophysical exploration data have confirmed
isostasy.The isostasy theory was originally derived from hydrostatic
equilibrium and proposed by G. B. Airy in 1855 (Figure 4). It posits
that the crust (with a density of 2.67 g/cm3) consists of many rock
blocks of different thicknesses but the same density, which floats
on the denser plastic magma (with a density of 3.27 g/cm3). The
distance between sea level and the ideal magma surface is called
normal crustal thickness D (60 km). According to Archimedes’
principle, the mass carried by the same area tends to be equal,
and the mass changes above a large area on the ground must be
compensated for underground. Therefore, the protruding parts of
the thicker crust form mountain roots extending into the mantle
layer, and the thinner crust parts under oceans form negative
mountain roots, thus achieving gravitational balance.TheG. B. Airy
hypothesismodel believes that the compressive stress at the interface
between the upper mantle and the crust is in equilibrium, roughly
in a hydrostatic equilibrium state. The theoretical stress under the
normal crust and the stress beneath mountain roots and negative
mountain roots exhibit huge differences. As the stress magnitude
at a negative mountain root is the smallest, the pressure difference
causes the magma to flow to the negative mountain root, leading to
a shear fracture of the weak part under the thrusting pressure. The
magma overflows into the ocean and forms the oceanic crust, and
the lateral pressure of magma on the oceanic crust and the physical
expansion of the oceanic crust together form the dynamics source
of plate movement, which can explain the development mechanism
of normal faults.

The G. B. Airy hypothesis model has the following major
argumentative questions: (1) The first one is the magma overflow
range and the crustal balance of volcanic activities. As magma

is not always generated along the entire oceanic trench or ridge
length, it is inconsistent with the currently observed facts. (2) The
second is the gravitational density and crustal thickness problems,
as gravitational density can not be constant, and the surface terrain
fluctuations do not strictly correspond to the morphology of the
Moho, which has been confirmed in many measurement results.
(3) The mantle is not identified based on its density but its fluidity
as the only criterion. Therefore, various types of modified isostasy
compensation models have been developed based on the original
model, such as local compensation, regional compensation, test
compensation, and dynamic compensation. Based on previous
research results, this study improves the boundary conditions of the
G. B. Airy model to form a self-weight stress field isostasy model:
(1) The original model, which assumed constant density values for
each layer (specifically, a crustal density of 2.67 g/cm3 and a magma
density of 3.27 g/cm3), has been refined using a density function.
Based on geophysical measurement data, there is a density gradient
between the crust and the mantle, and the crust-mantle density
difference is not constant. Obviously, the density gradient is not
constant. This study employs a density function to characterize the
density variations across layers, yielding a representation that aligns
more closely with empirical observations. This density gradient
is mainly due to the confining pressure difference, as the density
threshold causes the rockmass to appear as solid or liquid, leading to
the existence of the Moho. However, the magmatic flow objectively
leads to confining pressure changes and, in turn, density gradient
changes.The density is only related to the factors of its environment,
such as burial depth and confining pressure. (2)The original model’s
assumption of a hydrostatic stress field has been revised to posit
that the controlling factor for equilibrium is not fluid “buoyancy”.
In the deep part of the Earth, the stress state deep into the mantle
is in a hydrostatic equilibrium state. Constrained by the shell-like
structure, the vertical direction controlling factor for the equilibrium
is not the fluid buoyancy but the gravitational force that balances
with the rotational inertial force, i.e., the self-weight stress. Thus,
the proposed model is the self-weight stress field isostasy model
(Figure 5). (3) Based on the previous assumptions, the concept of
the “stress equilibrium reference surface” is proposed. The spherical
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FIGURE 5
Improved isostasy model based on self-weight stress field.

zone at a certain depth where the self-weight stress and the
rotational inertial force reach equilibrium is simplified as the “stress
equilibrium reference surface”. There is no necessary connection
between this surface and the top surface of the mantle. The stress
state at each point in the depth reaches equilibrium, and there is
no existence of “motion potential”. (4) The “isodensity surface” and
the “local stress equilibrium reference surface” intersecting with it
are proposed. Since the two surfaces do not coincide, it leads to
the generation of “motion potential”, thereby forming the driving
force for the local laminar flow of magma. Similarly, for thermal
gradients, their behavior parallels natural subsurface conductive
processes relevant to magmatic flow and plate stress modeling
(Shahbaz et al., 2019).

Based on the improved model, the argumentative questions
above can be explained as follows: (1) The magmatic activities
involving the oceanic crust obey the mechanical criteria, and
the magma overflows from the range of the fracture zone, thus
explaining the variability of fracture and volcanic activities. As the
magma overflow thickens the oceanic crust, the pressure difference
between the oceanic crust and the continental crust decreases,
and the oceanic crust undergoes density reconstruction. When
the equilibrium conditions are reached, the magma overflow event
pauses, and the magma seeks a new outlet for the next overflow
event. (2)The density gradient between the crust and themantle can
explain why the continental crust thickness detected by geophysical
methods is much smaller than the G. B. Airy hypothesis model
prediction. Moreover, if the mantle material is liquid due to
temperature alone,mountain roots and negativemountain roots can
not form, which is contrary to what is confirmed in the theory of
plate tectonics, and themountain roots are only relatively solid layers
formed under the gravitational density gradient, with lower relative
flow rates.

In summary, extensive geophysical exploration evidence
indicates that the crustal thickness is uneven globally, with the
oceanic crust being thinner and the continental crust relatively
thicker. Gravimetry was developed based on this theory, which
provided a theoretical basis for the establishment of improved

isostasy models. Thus, the proposed assumptions on this basis are
theoretically reasonable.

The inferred plate activity mechanism based on the proposed
assumptions is as follows: (1) The magma flow in the deep part
of the Earth’s crust generates shear stress and transmits it to the
surface part of the Earth’s crust, forming the fundamental driving
force for plate movement. (2) During the stress transfer process,
the rock mass in the Earth’s crust is subjected to extrusion. When
the compressive stress exceeds the yield strength of the rock mass,
local fractures will occur until a new equilibrium is reached. (3)
As the oceanic crust is compressed, the horizontal stress increases
and a horizontal movement tendency emerges, creating stress
concentration in the contact zone between the oceanic crust and the
continental crust. Due to the morphological and length differences
between the upper and lower solid blocks in the stress concentration
zone, the oceanic crust inevitably dives downward to compress the
continental crust plate and push it into motion, thus closing the
loop with the plate tectonics theory and the exhibited phenomena.
Hence, plate movements will go on as long as the Earth exist, only
transitioning from a relative equilibrium state (calm period) to the
next relative equilibrium state (calm period), and the point at which
the magma overflow triggers oceanic crustal plate movements is
also changing.

4 Theoretical support of the
assumptions: density gradient and
crustal thickness

4.1 Empirical evidence for the crust-mantle
density gradient

The thickness of the Earth’s crust is usually obtained indirectly
through geophysical exploration methods, including gravitational
exploration method, broadband seismic exploration method,
refraction seismic method, deep seismic reflection method, etc.
The burial depth of the Mohorovičić discontinuity (zone) varies
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globally. There are usually abrupt changes in areas with intense
tectonic activities. Moreover, the continental crust is relatively
thick while the oceanic crust is relatively thin, which has been
demonstrated by a large number of measured data and has formed
a broad consensus (Fu et al., 2018). Zhang (2023) jointly used
seismic and gravitational data to reflect the crustal thickness in
the northeastern margin region of the Qinghai-Tibet Plateau, and
obtained the basic understanding that the crustal thickness of the
plateau gradually thins from the inside out.The average thickness of
the Qinghai-Tibet Plateau is more than 50 km, and the thickest
part is 68 km. The thickness in the Western Qinling region is
about 50 km. The average crustal thickness of the Inner Mongolia
and Sichuan Basin around the plateau is only about 40 km. For
example, the thickness of theQilianMountains orogenic belt reaches
66 km, the thinnest part of the Ordos Basin is 36 km, and there is
an asthenosphere in the low-velocity zone at the bottom of the
crust of the Songpan-Ganzi block. Ma and Wu. (2025) adopted
the reflection wave noise interference method and obtained similar
conclusions.There are significant differences in the crustal thickness
of different blocks in the northeastern margin of the Qinghai-Tibet
Plateau and its surrounding areas. The crustal thickness gradually
thins along the northeast direction of the plateau. The thickness
in the middle and western sections of the Qilian Mountains is
about 55–65 km. The thickness of the Western Qinling orogenic
belt decreases from about 53 km in the west to around 42 km
in the east. The thickness of the Alxa block is about 50 km, and
the thickness of the western margin of the Ordos block is about
40–45 km. There is local crustal thickening near the Liupanshan
Fault, Haiyuan Fault and Tianjingshan Fault, and so on. These
results reflect the existence of a density gradient from the crust to
the mantle. For example, Thybo et al. (2003) (Kozlovskaya et al.,
2012; Yegorova et al., 2002) conducted deep seismic reflection
profiling and high-precision gravimetry in the Ukrainian shield
(Figures 6, 7) and revealed a gradual, incremental tendency of P
wave velocity deeper into the Earth, thus objectively demonstrating
the density gradient between the crust and the mantle, which is
not constant. Meanwhile, based on studies on effective thermal
conductivity using computational methods, Zarghaam et al.
(2020) emphasize how material behavior evolves under varying
subsurface gradients.

Wang et al. (2003a), Wang et al. (2003b) conducted artificial
seismic surveys in the western Sichuan region, yielding P-wave
velocity model results very close to the values (Figure 6) measured
out of China (theMoho of this section is about 40–45 km), where the
wave velocity of the crustal layer was generally between 5.80 km/s
and 7.60 km/s. (1) The Zhubalong-Zizhong profile (from west to
east) shown in Figure 8 features 5 wave velocity sub-bands in
the vertical depth direction of the crust (Table 1), with the value
gradually increasing from 5.95 km/s on the surface to 8.30 km/s on
the top of themantle. Despite local changes in themiddle, the overall
gradient characteristics are very obvious. (2) The Benzilan-Tangke
profile (from south to north) in Figure 9 also features 5 vertical
wave velocity sub-bands, with the value gradually increasing from
5.85 km/s to 7.90 km/s and very obvious gradient characteristics.
(3) There seems to be a low-velocity layer beneath the crustal
surface. (4) The depth of the Moho varies. The east-west distance
of the Zhubalong-Zizhong profile is about 560 km, and the depth
of the Moho is about 40 km and 60 km, respectively, showing large

variations over short distances. In particular, a significant dramatic
variation zone is observed in the Longmen Mountain region. The
Moho in the Benzilan-Tangke profile also shows certain variations,
with the crustal thickness decreasing from 62 km to 52 km over the
north-south distance of about 650 km and abrupt changes near the
Xianshui River fault zone.

The seismic sounding results of other regions also provide
reference values. For example, the crustal thickness of the Western
Sichuan Plateau and the Sichuan Basin is about 60–65 km and
45–50 km, respectively, and the average P wave velocity is about
6.25–6.30 km/s and 6.45–6.50 km/s, respectively, which gradually
change with the depth.These results reflect the existence of a density
gradient from the crust to the mantle.

4.2 Empirical evidence for uneven crustal
thickness

The crustal thickness depends largely on the depth of the
Moho, but the nature of the Moho as a sharp boundary or a
transition zone is still a research hotspot. We are more inclined
to believe it is a transition zone. The crustal thickness is usually
measured and calculated indirectly using geophysical exploration
methods, such as gravity surveying, broadband seismic exploration,
seismic refraction, and deep seismic reflection.The burial depth and
thickness of the Moho are not uniform globally, generally changing
abruptly in areas with intense tectonic activities. Meanwhile, the
continental crust is thicker, and the oceanic crust is relatively
thinner, as demonstrated by extensive practical data (Figure 10),
and a broad consensus has been reached among researchers
(Fu et al., 2018; Ma and Wu, 2024). Zhang. (2023) employed
seismic and gravity surveying data to jointly reflect the crustal
thickness of the northeast margin of the Qinghai-Tibet Plateau,
acquiring a basic understanding of the gradual crustal thickness
decrease of the plateau from the center outward. Specifically,
the crustal thickness of the Qinghai-Tibet Plateau averages over
50 km, peaking at 68 km, and the crustal thickness of the western
Qinling region is about 50 km. Meanwhile, the crustal thickness
of Inner Mongolia and Sichuan Basin regions around the Qinghai-
Tibet Plateau averages only about 40 km. For example, the crustal
thickness of the Qilian Mountain Orogenic Belt reaches 66 km,
while the thinnest part of the Ordos Basin is 36 km. Moreover,
there is a low-velocity asthenosphere at the crustal bottom of the
Songpan-Ganzi block.

Predecessors also conducted extensive Moho depth inversion
analysis (Xing et al., 2014) based on the isostasy model, achieving
good results in areas with good isostasy. Yet, non-isostasy regions
have always been a challenge for relevant research. From the
perspective of the proposed assumptions, mantle magma fluidity
is low in regions with gravity isostasy, while gravity anomalies are
obvious in non-isostasy regions, where the magma fluidity is greater
due to gravity self-compensation.The western Sichuan region in the
case study also proves the theoretical rationality of the proposed
assumptions. Recent experimental work on thermal behavior in
geomaterials under high energy flux informs our understanding of
the thermal inertia and energy transfer in crustal zones with variable
thickness (Ahmad et al., 2025;Ahmad et al., 2021), which also proves
the porposed assumptions.
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FIGURE 6
EUROBRIDGE’97 profile two-dimensional P-wave velocity model (Thybo et al., 2003).

FIGURE 7
EUROBRIDGE’97 profile two-dimensional density model (Elena et al., 2004).
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FIGURE 8
Zhubalong-Zizhong artificial seismic sounding profile (Wang et al. 2003c).

TABLE 1 Crustal structure layering of two representative artificial seismic sounding profiles in western Sichuan.

Zhubalong-zizhong profile Benzilan-tangke profile

2D velocity
structure layering
vertical to the

crust

Average speed Bottom interface
depth

(plateau/basin)

2D velocity
structure layering
vertical to the

crust

Average speed Average bottom
interface depth

km/s km km/s km

Layer 1 6.00 13/17 Layer 1 5.90 12

Layer 2 5.80 21 ∼ 23/17 (thickness 0) Layer 2 5.85 22

Layer 3 6.25 30/28 Layer 3 6.18 30

Layer 4 6.55 44/39 Layer 4 6.50 42

Layer 5 6.85 61/45 Layer 5 6.80 58

FIGURE 9
Benzilan-Tangke artificial seismic sounding profile (Wang et al. 2003b).
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FIGURE 10
Analysis of magmatic flow trends beneath the western Sichuan block.

5 Analysis of western sichuan block
tectonic activity characteristics based
on the proposed assumptions

5.1 Crustal thickness and morphology

According to the isopach lines of the crust produced by
Liu et al. (2015) (Figure 11), the crustal thickness west of
Xinlong is the largest and exhibits an island-like shape, with
a depth of 70 km. The thickness gradually decreases to about
40 km along the southeast direction, with non-isostasy in the
various regions.

(1) Three island-like crustal thickening zones bulging toward
the Earth center appear at Maoriba west of Xiaojin and
Maerkang, northeast of Maerkang, and between Jiulong
County and Shade Township, and one band-like thickening
zone appears at Ganluo, Jinyang, and Dashanbao scenic
area. The thickness increments are about 4 km, 3 km, 5 km,
and 12 km, respectively, the long axis directions are roughly
N22°W, N72°E, S41°E, and SN, and the lengths are about
70 km, 130 km, 50 km, and 215 km, respectively.

(2) Four inverted trough-shaped and inverted tub-shaped crustal
thinning zones appear at the Xiaojin to Baoxing and
Mofanggou region, the northeast of Daocheng to Yading
and Yalongjiang Town region, south of Mianning to Jinhe
Township and Xichang to Panzhihua region, and Wawu
Mountain to Leshan, Meishan, Qionglai, and Ya ‘an region.
The thickness decrements are about 8 km, 2 km, 10 km, and

12 km, respectively, the directions of the tub top are S44°E,
S55°E to S23°E, S7°W, and N47°E to N76°E, respectively,
and the long/short axes are about 100/56 km, 150/52 km,
≥160/200 km, and ≥200/75 km, respectively.

(3) A crustal thinning dome appears in the Yajiang to Zituoxi
Township, Xinlong County region, about 99 km × 86 km in
size, and the thickness decrement is about 4 km.

(4) A crustal thickening zone seems to appear in the region
from Daofu to the northeast of Qianning (Huiyuan Temple),
while the crust thins in the Luding to Shimian and
Mianning region.

5.2 Magmatic flow analysis

Based on the proposed assumptions and Figure 10, the
results in Figure 12 can be derived.

(1) The crustal thickness gradually decreases from northwest to
southeast, resulting in a consistent overall magmatic flow
direction, with most regions being acceleration zones (as
indicated by dark arrows).

(2) The region has a large-scale resistance line in the NW-
SE direction, with a width of about 50–150 km, forming
an inverted L-shaped magmatic flow velocity reduction
zone (as indicated by light-colored arrows). It starts from
the northwest of Maoriba in the northwest of the region,
passes Daofu and Kangding, and extends to the Shimian,
Yuexi, Jinyang, and Dashanbao regions. It does so because
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FIGURE 11
Analysis of the relationship between magmatic flow and regional stress field.

the crust thickens in the elliptical region from Daofu
to the northeast of Qianning, the crustal thinning rate
decreases in the region from Luding to Shimian, Yuexi, and
Mianning, with the gradient diminishing, while the dumbbell-
shaped crust from Yuexi to Zhaojue and from Jinyang to
Dashanbao thickens.

(3) There are small-scale local flow rate decrease zones. (1) The
thickening of the island-shaped crust from Shade Township
to Jiulong forms a resistance line. (2) The trough bottom
regions of the four inverted trough-shaped and inverted tub-
shaped crustal thinning zones in the Xiaojin to Baoxing and
Mofanggou region, the northeast of Daocheng to Yading and
Yalongjiang Town region, and Wawu Mountain to Leshan,

Meishan, Qionglai, and Ya ‘an region have decreasing crustal
thinning rates, with the gradient diminishing, thereby forming
a resistance line.

(4) Relatively stable zones exist in local regions. (1) Northwest
of the line from Maerkang to the northeast of Maoriba,
Kangding, Jiulong, Muli, and Yanyuan, the crustal thickness
gradient shows small variations with relatively stablemagmatic
flows. Southeast of that line, the gradient shows significant
increases, with significantly increased magmatic flow rates.
(2) The crustal thinning dome in the region from Yajiang
to Zituoxi Township, Xinlong County, has a small scale
and small thickness decrements, making it a region with
relatively stable magma activities.
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FIGURE 12
Analysis of the relationship between magmatic flow and fault tectonic activity.

5.3 Analysis of the relationship between
magmatic flow and regional stress field and
fault tectonics

According to previous research results (Zhang et al., 2008;
Xu et al., 2018; Bai et al., 2020; Hou et al., 2025) and regional
geological data, the regional stress fields are incorporated into
the GPS-based surface displacement map (Figure 11) and fault
tectonic distribution map (Figure 12) to study the correlation
between magmatic flow and regional stress field, ground
displacement, and fault tectonic activity based on the proposed
assumptions.

5.3.1 Relationship between magmatic flows and
regional stress fields

As shown in Figure 10, the regional stress field directions
are consistent with the overall trends of the GPS-based surface
displacements, though with large local differences, while the
magmatic flow directions aremuch less different from the directions
of the GPS-based surface displacement. The overall patterns are
as follows.

(1) Northwest of the line from Maerkang to the northeast of
Maoriba, Kangding, Jiulong, Muli, and Yanyuan is a region
with small crustal thickness gradient variations, where the
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directions of regional stress fields are highly consistent with
the directions of theGPS-based surface displacement.The only
exception is the northwest of the circular crustal thickening
zone from Jiulong to Shade Township, where their directions
differ markedly (point M in Figure 11).

(2) Despite the large crustal thickness changes southeast of that
line, the directions of regional stress fields are highly consistent
with the directions of the GPS-based surface displacement
in regions with uniform gradient variations. Generally, the
following three sub-categories show significant differences:
(1) The stationary point range of the second derivative of
crustal thickness variation gradient, i.e., the small gradient
variation region in the drastic gradient variation→small
gradient variation→drastic gradient variation process (points
B, F, J, and M in Figure 11). (2) The top and sides of the
inverted trough, inverted tub, and gentle dome crustal thinning
regions, where the gradient variations are small (points G and
H in Figure 11). (3) The rear surfaces of the island-shaped
crustal thickening zones in the direction of magmatic flow
(point A and K in Figure 11). Moreover, if the magmatic flow
direction in the region is stable, the main stress direction
forms an acute angle with the large displacement direction
and is consistent with the overall magmatic flow direction, as
shown in Figure 11. If the flow direction is unstable, the angle
between themain stress direction and the surface displacement
direction is unstable, as shown in Figure 11.

In summary, the magmatic flow direction is closely related
to the regional stress field direction and the GPS-based surface
displacement direction. It is preliminarily inferred that the main
stress direction in the region is the synergistic direction of the
secondary compressive stress generated by the magmatic flow, and
the surface displacement direction is the synergistic vector direction
of the magmatic flow direction.

5.3.2 Relationship between magmatic flow and
fault tectonics

According to Figure 10, the rate and direction of magma
movements exhibit certain regularities due to crust depth and
morphology, and the surface displacement and stress accumulation
caused by its reflection on the surface show good regularity, which,
in turn, leads to surface fractures with good regularity.

(1) There is a resistance band from the north of Maoriba and
Luhuo to the south of Daofu and Kangding. Moreover, the
invisible island-shaped crust thickening zone in front of the
magmatic flow facilitates ground stress accumulation, showing
compression and strike-slip characteristics when reflected
to the surface. Strike-slip is the main characteristic, and
the mechanical mode is compression shear. The Shimian,
Yuexi, Zhaojue, and Dashanbao regions also have a resistance
band. However, it is generally in the resistance-decreasing
zone, where the slow and uniform crustal thickness gradient
variations are not conducive to stress accumulation, showing
compression and strike-slip characteristics when reflected to
the surface. Compression is the main characteristic, and the
mechanical mode is also compression shear.

(2) The entire region from Baoxing and Lushan to Mao County is
in a resistance-decreasing zone. However, there are crustal

thickness gradient changes and a convergence trend to
Chengdu, and the large dome in Chengdu is an invisible
resistance zone. In addition, the trough-shaped crustal
thinning zone in Xiaojin leads to accelerated magmatic flows
at the edges on both sides. Under the comprehensive action
of these factors, the region shows obvious compression but
not obvious strike-slip characteristics, thus facilitating the
accumulation of ground stress, and the surface fracture has
obvious reverse fault characteristics. Due to the confluence of
magmatic flow trends, the region from the west of Baoxing
to Dachuan Town is in a slightly extension state, with a
tensional mechanical mode, but it is not conducive to stress
accumulation. The Dachuan Town to Dujiangyan region is
slightly compressed, but the stress accumulation is limited.The
sections with high stress accumulation and rapid development
are in the north-east direction of Dujiangyan.

(3) The region south of Mianning and Xichang shows obvious
tension and left-lateral strike-slip characteristics, with a shear
mechanical mode and limited ground stress accumulation.

(4) The Muli region has strong compression characteristics, while
the regions from Muli to the west of Mianning and from
Muli to the south of Daocheng exhibit shear and strike-slip
characteristics, with compression and compression shearing
mechanical modes, which facilitate higher ground stress
accumulation. The Litang to Muli region at the edge of the
Yajiang dome and Jiulong island-shaped crustal thickening
regions is less impacted, which is not conducive to stress
accumulation, and the surface fractures exhibit left-lateral
strike-slip characteristics. Additionally, in studies on the
differential preservationmechanism of eroded synclines, some
scholars have further expounded on the characteristics of
strike-slip faults (Hou et al., 2024).

(5) Because of the Jiulong island-shaped crustal thickening
zone, the north-west flow rate decreases, and the south-east
flow rate increases. As a result, Shade becomes an obvious
compression region that can accumulate higher stresses,
and the surface fractures are reverse faults, as shown in
Figure 12 (Point A). Due to the significant tensile stress
accumulation zones in Jiulong County and its northwest
and the effects of the Yajiang dome and Kangding invisible
resistance zone, the region west of Kangding can accumulate
high stresses. The mechanical mode is mainly compression
shearing, and the surface fractures mainly show strike-slip
characteristics with secondary reverse fault characteristics.The
Jiulong County region mainly exhibits tension, with normal
fault characteristics. The two connect to form a peculiar L-
shaped fracture with simultaneous development, as shown in
Figure 12 (Point B). It clearly shows the process in which
the magma movement generates shear stress, compressive
stress and tensile stress in the upper crust. This mechanism
is also found in the fault tectonics in the Muli-Yanyuan and
Baoxing regions, as shown in Figure 12 (Points C and C). The
main direction of magma flow and the differences in flow
rates between the main direction and those on both sides
are transmitted to the upper crust, forming thrust arc-shaped
structures (Points C and D on the north side of Muli in
Figure 12) and drag arc-shaped structures (Point C northeast
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of Yanyuan in Figure 12). The model proposed in this paper
can well explain these special tectonic phenomena.

(6) The central Y-shaped fault tectonic in western Sichuan
(the Luding to Shimian region) shows shear compression
characteristics, which is also the boundary between the
northern strike-slip compression fracture and the southern
strike-slip fracture.

In summary, magmatic flow is closely related to regional fault
tectonic activity and is the dynamics source of the fault tectonic
activity.The surface fracture characteristics and fracturemechanism
can be explained by geomechanical mechanisms.

6 Conclusion

(1) Based on the isostasy hypothesis model proposed by G. B. Airy
in 1855, this study proposes revised assumptions about the
dynamics sources and mechanisms of plate regional tectonics.
It is assumed that crustal plate movement results from deep
magmatic movement (flow), which is mainly laminar and
driven by the changes in magmatic density gradient, with
the density varying with depth. On this basis, this study
analyzes the mechanical mechanisms of surface rupture and
plate movement.

(2) Taking the western Sichuan block as a case study based on
the proposed assumptions, the correlation between magmatic
flow and regional stress field, ground displacement, and faulted
tectonic activity is investigated. It is inferred that themagmatic
flow direction is closely related to the regional stress field
direction and the GPS-based surface displacement direction.
The main stress direction in the region is the synergistic
direction of the secondary compressive stress generated by
the magmatic flow, and the surface displacement direction
is the synergistic vector direction of the magmatic flow
direction. Magmatic flow is the dynamics source of the fault
tectonic activity. The assumptions satisfy the corresponding
geomechanical mechanisms and can effectively explain the
direction of the regional stress field, the direction of the GPS-
based surface displacement, and the reason for the difference
between these two directions. They also offer satisfactory
explanations for the morphology and activity of typical fault
tectonics in the region. The analysis results align well with
the actual situation, thus preliminarily demonstrating the
feasibility of the assumptions at the theoretical level.

(3) Nevertheless, the proposed assumptions are still very
crude and lack scientific rationality, requiring further
academic efforts from peer researchers and enthusiasts. It
is also necessary to conduct quantitative research on the
mechanical relationship between magma movement and plate
movement. Theoretical analyses and mathematical models
that comprehensively consider various factors such as the
rheological properties of mantle materials, heat conduction
within the Earth, and material migration also need to be
further supplemented. Further theoretical research is needed
to prove its objective scientificity, and more case studies are
recommended to analyze the relationships among regional
stress fields, grounddisplacements, and fault tectonic activities.

Meanwhile, the relationship between regional tectonics and
Moho depth in regions with non-isostasy must be analyzed
to demonstrate the feasibility and rationality of the proposed
assumptions.
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