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Since its formation, the Earth has cooled from molten magma to the present layered
structure. The liquid and molten substance in the interior of the Earth continuously
solidifies, radiating heat to the outer space and causing changes in the pressure and
density inside the Earth. Constrained by the rigid lithosphere, the change in density
decreases the pressure at the bottom of the crust, and thereby supports the rigid
lithosphere. Under the effect of gravity, there is an increased interaction between
tectonic plates, which leads to local stress accumulation. Eventually, this stress
exceeds the strength of the rock and makes the mechanical structure of the crustal
lithosphere unstable. This process is iterative, and the Earth continuously adjusts to new
mechanical equilibria by releasing the accumulated stress through geological events such
as earthquakes. In this study, using three sets of observations (Global Positioning System
data, length of day data, and the latent heat of Earth solidification), we show that these
observations are consistent with the aforementioned assumption that the solidification of
liquid cause changes in density and volume in the Earth’s interior. Mechanical analyses
indicate that liquid solidification in the interior of the Earth leads to decrease in the Earth’s
volume. This increases the intensity of plate interactions, which leads to the movement of
large plates, triggering geological events such as earthquakes. Thus, it is determined that
liquid solidification in the Earth’s interior is the main source for the movement of plates.

Keywords: liquid-solid transition, variation of Earth’s volume and radius, seismic mechanism, crustal ultimate load,
geodynamics

INTRODUCTION

The Earth has evolved from amolten state (magma ocean) to today’s layered structure via large-scale
cooling and solidification (Elkins-Tanton, 2012). The cooling and solidification continue as the Earth
keeps evolving and emitting energy (46 ± 3 TW, as estimated from the current global heat flow) (Lay
et al., 2008). The difference between then and now is that the early magma ocean might have
solidified faster. These contents of the Earth’s core go through molten-solid transitions at physical
conditions (pressure and temperature) that change according to the thermodynamics and evolution
of the Earth. Solidification is a universal and crucial phenomenon, and it leads to noticeable changes
in density accompanied by heat release and volume contraction (Dziewonski and Anderson, 1981;
Massonne et al., 2007; Sakamaki et al., 2010; Hirose et al., 2013). Global magmatism, reaching a rate
of 25.8–33.6 km3 yr−1, is caused due to magma solidification at the shallow Earth (Wilson, 2007). At
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deep Earth, the inner core grows at a rate of 0.5–2.4 mm yr−1 due
to crystallization of molten iron (Labrosse et al., 2001; Ohta et al.,
2016; Bono et al., 2019). Released latent heat is a key heat source
that influences the processes such as inner core growth and the
geodynamo. Thus, solidification governs the thermodynamics of
the Earth (Buffett et al., 1992; Buffett, 2000). The lithosphere, the
topmost layer of the Earth, is a poor conductor of heat, and it is
mechanically rigid and brittle (Shimada and Cho, 1990; Rychert
and Shearer, 2009; Whittington et al., 2009). It operates like a
ceramic outer shell, constraining the ductile mantle beneath it.
The energy released by the solidification of melts in the Earth
powers the dynamics of the Earth’s lithosphere and plate
tectonics. The liquid–solid conversion in the Earth’s interior is
a continuous process, and it leads to continuous heat dissipation
to the outer space. Under the law of conservation of mass, the
change in density due to solidification reflects a volume change,
which eventually leads to the geometric variation of the Earth.

Modern space geodesy techniques have revealed that the
Earth’s geometry is continuously changing and is not constant.
Geodetic studies employing the data obtained from various
techniques, such as Global Positioning System (GPS), Satellite
Laser Ranging (SLR), Very Long Baseline Interferometry (VLBI),
and Doppler Orbitography and Radiopositioning Integrated by
Satellite (DORIS), suggest that the current rate of change of the
Earth’s radius spans from −4.0 to 1.3 mm yr−1. Because of this, it
is unclear whether the Earth is expanding or contracting and also

difficult to determine the extent of the change (Huang et al., 2002;
Sun et al., 2006; Wu et al., 2011; Zhu et al., 2013). The
paleomagnetic data indicate that the radius of the ancient
Earth was 0.99–1.12 times of that of the present radius in the
late Paleozoic and early Mesozoic Era (Cox and Doell, 1961;
Ward, 1963). Another evidence of the varying nature of the
Earth’s geometry is the Earth’s rotation rate, which has been
observed to fluctuate in the interdecadal and longer periods as
recorded based on the values of length of day (LOD). The changes
in LOD are associated with the change of the Earth’s moment of
inertia and impacts of large earthquakes (Stephenson and
Morrison, 1984; Chao and Gross, 1987; Holme and De Viron,
2013).

The liquid and molten substance inside the Earth continues to
solidify with the latent heat release and volume and density
changes. Heat radiates to the surface via conduction,
convective, radiation, and so on, and the volume change
macroscopically manifests as volume contraction of the Earth.
The volume contraction causes the tectonic plates to squeeze
together, making them move under the influence of gravity,
which in turn leads to various geological events. The
traditional plate motion driving force model (mantle
convection, slab pull, and ridge push) (Forsyth and Uyeda,
1975; Bott, 1991; Bokelmann, 2002a; Bokelmann, 2002b; van
Summeren et al., 2012) has some limitations, as it cannot
reasonably explain the plate motion cycle (Sun, 2019). Herein,
we propose that the solidification of the Earth drives the
dynamics of the Earth’s crust and gives rise to the volume
variation of the Earth, and this theory is verified via the
analyses of GPS data, LOD observations, and global heat flow
estimates.

THEORY VALIDATION

Global Positioning System Data Analysis
The solidification of molten substance leads to changes in the
internal volume, and it macroscopically manifests as the collapse
of the Earth’s volume. If this happened, akin to a deflating
balloon, the Earth’s radius would decrease, thereby decreasing

FIGURE 1 | Simplifiedmodel of the Earth. A, B and A’, B’ denote the two
points on the ground before and after the contraction of the Earth,
respectively; R and r represent the radius of the Earth before and after
contraction, respectively; LAB and LA’B’ represent the distances between
the two points before and after Earth’s contraction, respectively; and θ is the
spherical angle corresponding to the two
points. ΔR � 360

2πθ ΔL � R
LAB

ΔL � r
LA’B’

ΔL � CΔL.

FIGURE 2 | Locations of 2,764 GPS stations. The stations in North
America (the United States) are relatively closer than the stations elsewhere in
the world.
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the distance between the corresponding points on the Earth’s
surface.When the Earth is considered a standard sphere, there is a
definite relationship between the reduction of the Earth’s radius
and any changes in distance between the two points on the
surface, as shown in Figure 1.

Herein, variations in the radius and volume of the Earth are
derived from the GPS data of 2,674 ground-based receivers
during 1995–2019. A detailed site information is presented in
Figure 2. These GPS data, recorded by NASA and processed by
the Jet Propulsion Laboratory, provide the time series of
longitude, latitude, and altitude of the individual sites over
time (Heflin, 1994). The relationship between the change in
distance (ΔL) of two receivers and the change in the Earth’s
radius (ΔR) is given using Eq. 1:

ΔR � CΔL, (1)
where ΔR � r − R and ΔL � LAB − LA’B’ C � R/L (Figure 1). R is
the current radius of the Earth (= 6,371 km), and d is the distance
between the two receivers. The Haversine formula (Eq. 2) is used
to calculate the distance (L) between the two receivers (Josiah,
2010):

haversin(L
R
) � haversin(φ2 − φ1) + cosφ2 cosφ1haversin(Δλ),

(2)
where haversin(LR) � sin(LR/2)2, φ2 and φ1 denote the latitudes of
two points, and Δλ denotes the difference in their longitudes.

The data are processed by a self-written Python code. The arc
length between any two stations on the Earth is calculated. Then, the
relation between the annual radius change of the Earth and the
change in the arc length between the two sites is given using Eq. 3:

Δ�R � 1
n
∑n
i

⎧⎨⎩ 1
m
∑m
j

[R
Lj

(Lj − L′
j)]⎫⎬⎭, (3)

where i is the i-th year of calculation, n is the total number of
years, j denotes the j-th pair of sites,m is the total number of j in

year i, and Lj L’j are the arc distance of the j-th pair at the
beginning of the i-th year and the end of i-th year, respectively. By
using the error propagation law and GPS positioning error
estimation, the accuracy estimate of the annual radius
variation of the Earth can be obtained, and the average
relative error is 15%.

During data processing, the data from sites whose observation
time was less than 12 months for any year are omitted. To reduce
errors caused by certain geological factors at close range, only
those points are considered for which the distance is ≥100 km.
For example, taking the calculation of 1995, we draw a diagram of
one of the points (VILL) as shown in Figure 3. According to the
longitude and latitude information of each station, the change of
distance between the two sites with time is obtained, and the
corresponding change in radius is determined. The average of the
change in the Earth’s radius for 1995 is obtained by traversing the
distances among all the points, and the value is −2.4 ± 0.27 mm.

A total number of 14 million calculations are carried out for
ΔR, and 25 annual average radius changes from 1995 to 2019 are
derived, among which, 20 results are negative, as shown in
Figure 4. The annual average Δ�R is −1.65 ± 0.25 mm yr−1,
which corresponds to a volume decrease of −841.60 ±
127.5 km3 yr−1.

Latent Heat of Earth Solidification
The global heat flow is estimated to be 46 TW, and it mainly
comprises radiogenic heat and heat from the core and mantle
(Lay et al., 2008). The most accessible integrative energy for the
planet is the total amount released at the surface. However, there
may be uncertainties in the present-day energy budget.
Specifically, there is considerable uncertainty in the radiogenic
concentrations (Gessmann and Wood, 2002; Murthy et al., 2003)
and the present-day mantle and core secular cooling rates (Lay

FIGURE 3 | Diagram of the distance between VILL and the remaining
points. The VILL site in 1995 is taken as an example. The red spot represents
the location of each site, and the line segment represents the distance
between the sites. The distance between the pairs of receivers at the
beginning and the end of the year is calculated, and the change in this value is
calculated. The average radius change in 1995 is −2.4 mm.

FIGURE 4 | Annual average radius changes of the Earth from 1995 to
2019. Black circles: average change of Earth’s radius in that year; red and
purple lines represent the annual average radius change (0 and
−1.65 mm yr−1, respectively). 20 out of 25 results are negative.
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et al., 2008; Herzberg et al., 2010). Although geoneutrino
detectors promise new constraints in the near future (Araki
et al., 2005; Dye, 2012), macroscopically, the Earth’s internal
temperature distribution is constant, and secular cooling can be
neglected over a short period of time. The results of Chang ’e-5
samples research showed that the characteristics of kreep-
potassium enrichment in the basalt were formed in the late
magmatic period, thus ruling out the main hypothesis that this
moon mantle source region is rich in radioactive thermogenic
elements (Hu et al., 2021; Li et al., 2021; Tian et al., 2021). The
world’s uranium deposits do not overlap with the geothermal
anomalies. This suggests that there is not a lot of radioactive
material in the Earth’s crust. Thus, radioactive heat may not be a
major source of heat loss on the Earth.

According to the thermal evolution of the Earth, the latent
heat released from solidification of molten substance is
considered an important heat source on the Earth. Herein, to
simplify the calculation, the total energy budget of the Earth is
assumed to comprise only latent and crustal radiogenic heat. The
latent heat released from solidification of the Earth is calculated
using Eq. 4:

Qt � Qm + Qc + Qr, (4)
where Qt is the total heat flow, Qm is the latent heat of the mantle
and crust, Qc is the latent heat of the core, and Qr is the
radioactive heat from the Earth’s crust (from direct sample
sources). The volume change caused by solidification is
calculated using Eq. 5:

ΔV � m

ρmolten

− m

ρsolid
, (5)

wherem � Q/L is themass of solidified substance,Q stands forQc

and Qm, respectively, L is the specific latent heat, and ρmolten ρsolid
are the densities of melts and solids, respectively. The specific
values are shown in Table 1.

When Qc � 3 TW (Stacey and Loper, 2007), the mass of the
solidified iron alloy is 1.6 × 1014 kg yr−1, and it corresponds to
ΔV � −0.24 km3 yr−1. ΔR � −1.6 × 10−3 mmyr−1 corresponds to
the amount of solidification in the core. Because of the uncertainty of
the radioactive heat in the mantle and core and the nonoverlap
between uranium deposits and geothermal anomalies around the
world, we consider the crustal radioactive heat from the direct rock
samples as the entire radioactive heat, omitting other radioactive heat
for the time being. Thus,Qr is assumed to be 7 TW (Lay et al., 2008),
and we get Qm � Qt − Qr − Qc � 36 TW. The mass of the magma

solidified at the shallow Earth is 2.7 × 1015 kg yr−1, which corresponds
to a volume change of −120 km3 yr−1 and a radius change of
−0.24mmyr−1. Overall, the heat flow of the Earth is in
agreement with a shrinkage of −120.24 km3 yr−1 in the Earth’s
volume. This process considers the total solidification rather than
the net solidification. However, if melting is also considered when
computing the contributions of the crystallization process, it will
make the calculationmore complex and the volume changes involved
may be smaller.

Analysis of Diurnal Length Variation
The variation of the Earth’s moment of inertia is calculated using
the LOD data and angular momentum conservation. Based on
occultation and solar and lunar eclipses, the long-term average
change rate of LOD in the last 1,000 years is determined to be
approximately −0.01ms yr−1 (Stephenson and Morrison, 1984).
The LOD variation associated with large earthquakes is estimated
to be approximately 0.0102ms yr−1, and the direct LOD
observation suggests a rate of −0.0371ms yr−1 (O’Connell and
Dziewonski, 1976).

When the conservation of angular momentum is achieved, the
variation in LOD manifests as the variation of the radius (Eq. 6):

L � mωr2 � I1ω1 � I2ω2, (6)
where m is the mass of the Earth, r is its radius, I and ω are its
moment of inertia and angular velocity, 1 and 2 denote the first
state of the Earth with a radius of 6,371 km and the second state
where the Earth’s radius is decreased by an annual average radius
change, respectively. The moment of inertia of the Earth is
calculated by dividing it into several shells and approximating
the integral with respect to r by summation, as shown in Eq. 7:

Itotal � ∑n

i�1Ii, (7)
where Ii is the moment of inertia of each layer and ω1 ω2 are
calculated using Eqs 8, 9:

ω1 � 2π
86400

� 7.27 × 10−5 (rad s−1), (8)

ω2 � 2π
86400 − ΔLOD, (9)

where ΔLOD is the average variation of LOD. Herein, the Earth is
divided into 638 shells, each with a thickness of 10 km and a
homogeneous density distribution. The moment of inertia of the
ith shell is calculated using Eq. 10:

Ii � 2
5
mi(r5i2 − r5i1

r3i2 − r3i1
), (10)

where ri1 and ri2 are the inner and outer radii of ith shell,
respectively, and mi is its mass, which is calculated as
mi � 4

3 π(r3i2 − r3i1)ρi. The density (ρi) of each shell is obtained
using the PREM model (Dziewonski and Anderson, 1981). The
total moment of inertia of the Earth in the first state (I1) is
7.98 × 1037 kgm2. For the second state, the annual average radius
change for the Earth’s core is set to −1.6 × 10−6 myr−1 at the
topmost outer core in accordance with the latent heat analysis

TABLE 1 | Values of the specific latent heat and densities of the melt and solid
used for latent heat analysis (Ohtani and Maeda, 2001; Suzuki and Ohtani,
2003; Massonne et al., 2007; Sakamaki et al., 2009; Zhang et al., 2014; Zhang
et al., 2020).

Specific latent heat (L,
J/g)

Density of melt
(ρmelt , g/cm

3)
Density of solid
(ρsolid , g/cm

3)

Earth’s core 600 9.9 10.1
Earth’s crust 418 2.9 3.3
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and that for the Earth’s crust is a variable (Δr). The inner and
outer radii of shells in the second state (r’i1 and r’i2) are less than
that in the first state owing to change in the Earth’s radius. The
moment of inertia of the 348th shell (the first shell is the center of
Earth) at the topmost outer core where the radius is 3,471 km (r2)
is calculated using Eq. 11:

Ii � 2
5
m348(r′5i2 − r5i1

r′3i2 − r3i1
), (11)

where r’i2 � r2 − 1.6 × 10−3 mm. The moments of inertia of shells
from 349th to 637th are calculated using Eq. 12:

Ii � 2
5
mi(r′5i2 − r′5i1

r′3i2 − r’3i1
), (12)

where r′i1 � ri1 − 1.6 × 10−6(3471ri1
)2 and

r′i2 � ri2 − 1.6 × 10−6(3471ri2
)2. The moment of inertia of the last

shell (638th) is calculated using Eq. 13:

I638 � 2
5
m638

⎛⎝(r′6382 − Δr)5 − r′56381(r′6382 − Δr)3 − r′36381
⎞⎠. (13)

The total moments of inertia of the Earth in the first and second
states are quite similar due to minute changes in the radius, and thus,
(1 − I2nd/I1st)1013 and (1 − ω1/ω2)1013 are introduced for
comparison in Figure 5. When the angular momentum
conservation is realized, the radius change is −0.2 to −3.3 mm
yr−1, which corresponds to a volume change of −111 to
−1,676 km3 yr−1.

Summary
The annual average volume variation of the Earth obtained from
the analysis of GPS data, LOD observations, and global heat flux

estimates are −841.60 km3 yr−1, −120.24 km3 yr−1, and −111 to
−1,676 km3 yr−1, respectively, and these are in good agreement
with each other. The values are on the same order of magnitude
but with some differences, which can be attributed to the
uncertainty of global heat flux estimates and the specific latent
heat reported in previous studies. The density profile of the Earth
and density of iron under high pressure and high temperature are
also likely sources of uncertainty. Moreover, the GPS tracking
stations are sparsely distributed in some regions, which could
have led to the gaps in data. Nevertheless, these results are
sufficient for validating the theory of solidification-driven
dynamics of the Earth.

MECHANICAL ANALYSIS

The molten substance in the Earth’s interior continues to solidify.
When the volume change at the shallow Earth due to
solidification accumulates, after a specific peak value is
reached, the pressure changes because of which the rigid
lithosphere become mechanically unstable and eventually fails,
decreasing the Earth’s radius and volume. The volume shrinkage
increases the influence of gravity on the crust, triggering a
pressure drop at the bottom of the lithosphere and a large-
scale fracture and dislocation of the overlying strata, which
induces geological events such as earthquakes. This is similar
to the elastic bucking load that an ordinary spherical shell model
can bear under external pressure. The Earth’s crust is thus
simplified by a spherical shell model, and the ultimate load of
the spherical shell is calculated. For a spherical shell, the ultimate
load is only 70% of the ideal case because of the accuracy, and the
ultimate load Pc that can sustain under external pressure is
calculated using Eq. 14 (Pan and Cui, 2010),

Pc � 0.7 ×
2E��������

3(1 − μ2)√ ( t
R
)2

, (14)

where E and μ are Young’s modulus and Poisson’s ratio of crustal
rocks, t is the mean thickness of the crust (30 km), and R is the
mean radius of the sphere (6,371 km). For most crustal rocks,
values of Poisson’s ratio are between 0.2 and 0.3 (Hyndman, 1979;
Zandt and Ammon, 1995; Wang, 2009). Herein, an average value
of 0.25 is selected to simplify the calculation. For most crustal
rocks, values of Young’s moduli vary in the range 20–100 GPa
(Wang, 2009); we selected the maximum and minimum values to
get a range. Therefore, according to the crustal temperature and
pressure conditions at different depths (≤30 km), we obtained
PC � 0.37–1.85 MPa.

The results show that the limit load of the overlying crust is
small and much less than the stress caused by self-weight
(~ 1000MPa). However, it can exist stably because of the
support of the lower shell. When the magma solidifies, more
magma diffuses up to occupy the newly available volume, which
decreases the density and pressure and increases the influence of
gravity on the crust, as shown in Figure 6. Eventually, for the new
shell to reach mechanical equilibrium, the builtup strain is
released in the form of earthquakes and other geologic

FIGURE 5 | Changes in the moment of inertia of Earth as a function of
reduced radius of the crust. Red line: change of the moment of inertia of Earth;
blue shading: range of variation of the Earth’s angular velocity. Changes of the
moment of inertia and angular velocity are extremely small, and thus,
they are expressed as the vertical axis title. The subscripts 1 and 2 represent
the states before and after the radius of the Earth has decreased, respectively.
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activities. The pressure change (ΔP) caused by the increase of
gravity of the solidified magma (ΔG) is calculated using Eq. 15:

ΔP � ΔG
S

� mg

S
, (15)

where g is the gravitational constant, m is the mass of the
solidified magma, and S is the solidified area. Since the stress
accumulated by magma solidification is released by earthquakes,
herein, we assume that the area of solidified magma is equal to the
area of the earthquake’s hardest-hit area. The relationship
between the radius and intensity in the worst-hit area is given
using Eq. 16 (Bath, 2013):

I0 − I � 3 log
d2 + h2

h2
, (16)

where I0 is the maximum intensity, I is the intensity of the site
located at distance d from the epicenter, and h is the mean focal
depth. The maximum intensity can be obtained from the
magnitude (M) (Båth, 1975) using Eq. 17:

M � 0.62I0 + 1.68 log10h − 0.95. (17)
Taking the hardest-hit area ofMw 8 earthquake as an example,

the results show that the pressure change (ΔP) is 1.84–5.51 MPa,
and it decreases with increasing depth. As shown in Figure 7, the
pressure variation within a depth of 30 km exceeds the ultimate
load of the crust. Small changes in the interior can cause the
mechanical structure of the Earth’s crust to break down, and
when the strain is beyond the strength limit of the crust,
geological movements such as earthquakes are triggered. This
finding is consistent with the depth and frequency of the shallow
earthquakes.

DISCUSSION AND CONCLUSION

Based on the analysis of the GPS data, changes in the total volume
and radius of the Earth are determined, and these changes
demonstrate that the Earth is undergoing contraction at an
average rate of 1.65 mm yr−1. The change in the radius causes
changes in the moment of inertia of the Earth, which increases the
Earth’s rotation speed. This can explain the physical
phenomenon of the change in the Earth’s speed and the
change in LOD. The change of the Earth’s radius is mainly
attributed to the solidification of molten substance in the
Earth’s interior, and this liquid–solid transformation is the
main power source for geodynamics. The abovementioned
phenomena and principles can be extended to other planets
whose structures are similar to that of the Earth, that is,
planets on which the liquid–solid transformation of the inner
material is not yet complete.

The pressure-volume work (W � P × ΔV), as a result of
solidification, is a critical energy source for geodynamics and
earthquakes. At the shallow Earth (10 km), W = ~2.3 TW. For
major earthquakes (Mw > 7), W = ~2 TW (Kanamori, 1978).
Therefore, the estimated energy from the pressure–volume work
is sufficient to generate earthquakes, and the remaining energy

FIGURE 6 | The mechanical models of the Earth before and after solidification. Red shading: density of magma, a darker color implies greater density; FP denotes
supporting the force of asthenosphere, and Farc denotes the circumferential force. (A) Themechanical structure of the overlying crust is balanced before solidification. (B)
When the magma continues solidifying, it accumulates the weight of the overlying crust, and the mechanical structure of the overlying crust becomes unstable when its
limit load is reached, causing collapse and rupture and triggering an earthquake.

FIGURE 7 | Relationship between the pressure change caused by the
magma solidification and the ultimate load of the overlying crust. Pc(max) and
Pc(min) are obtained from the average maximum and minimum Young’s
moduli of the main components of the crust (basalt and granite),
respectively (Schultz, 1993; Yang et al., 2019).
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contributes to power plate tectonics and other geologic
movements. At the Earth’s core, W = ~1 TW, which
contributes to the geodynamic processes.

Based on the previous discussion, earthquakes can be
predicted based on the energy provided by solidification
and the energy required for earthquakes. The expectation
of energy of earthquakes from Mw M1 to M2 can be
calculated using Eq. 18:

E[X] � ∫M2

M1

e(x)f(x)dx, (18)

where E[X] is the expected value of the energy released by
earthquakes from Mw M1 to M2, e(x) is the energy released
by an Mw x earthquake, and f(x) is the probability density
function of earthquakes (derived from the Gutenberg–Richter
relationship). The frequency of earthquakes (N) of a certain
magnitude range within a period is thus calculated using Eq. 19:

N � f(x)W/E[X] , (19)
where W is the pressure–volume work at the shallow Earth. If
more sufficient LOD and GPS data are available, the volume
change of the Earth can be calculated more accurately, which will
enable precise earthquake prediction.

In conclusion, the Earth has been going through a nonlinear
solidification process since the magma ocean stage, which has
been accompanied by the release of latent heat and volume
contraction. Our analyses based on the GPS data, LOD
observations, and heat flux estimates demonstrate that the
current rate of change of the Earth’s volume is −841 km3 yr−1.
The decrease in the Earth’s internal volume reduces the pressure
at the bottom of the crust and rock layers. Under the action of
gravity, the interactions between the crustal plates intensify,
which makes the mechanical structure unstable. Our

mechanical model shows that the decrease of pressure
(1.84–5.51 MPa) is greater than the ultimate load
(0.37–1.85 MPa) that most of the Earth’s crust can bear.
Therefore, volume shrinkage leads to stress buildup followed
by mechanical failure, which manifests as earthquakes and
powers the geodynamics of the crust. The findings of this
study reveal the connection between the liquid–solid
transformation inside the Earth and geodynamics and provides
a new perspective for predicting earthquakes.
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