RESEARCH ARTICLE
SOLID EARTH: GEOELECTROMAGNETICS

Earth and Planetary Physics
10:30-43, 2026
doi: 10.26464/epp2026007

EP

Lithospheric magnetic variations on the Tibetan Plateau based on a
3D surface spline model, compared with strong earthquake

occurrences

PengTao Zhang'3, Jun Yang'?, LiLi Feng?3*, Xia Li3, YuHong Zhao3, and YingFeng Ji'%*

'State Key Laboratory of Tibetan Plateau Earth System, Environment and Resources (TPESER), Institute of Tibetan Plateau Research, Chinese Academy of

Sciences, Beijing 100101, China;
2University of Chinese Academy of Sciences, Beijing 100049, China;
3Qinghai Earthquake Agency, Xining 810001, China

Key Points:

e The resolution of lithospheric magnetic field models over the Tibetan Plateau is greatly improved by incorporating data from more

than 200 ground-based portable stations.

e Moderate to strong earthquakes (M > 5) occur predominantly in regions where the vertical component (2) of the lithospheric
magnetic field is negative, particularly within the range of -50 to 0 nT.
e The lithospheric magnetic field is a key indicator for revealing deep thermodynamic conditions and identifying seismic hazard zones.
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Abstract: The National Geophysical Data Center (NGDC) of the United States has collected aeromagnetic data for input into a series of
geomagnetic models to improve model resolution; however, in the Tibetan Plateau region, ground-based observations remain
insufficient to clearly reflect the characteristics of the region’s lithospheric magnetism. In this study, we evaluate the lithospheric
magnetism of the Tibetan Plateau by using a 3D surface spline model based on observations from >200 newly constructed repeat
stations (portable stations) to determine the spatial distribution of plateau geomagnetism, as well as its correlation with the tectonic
features of the region. We analyze the relationships between M > 5 earthquakes and lithospheric magnetic field variations on the Tibetan
Plateau and identify regions susceptible to strong earthquakes. We compare the geomagnetic results with those from an enhanced
magnetic model (EMM2015) developed by the NGDC and provide insights into improving lithospheric magnetic field calculations in the
Tibetan Plateau region. Further research reveals that these magnetic anomalies exhibit distinct differences from the magnetic-seismic
correlation mechanisms observed in other tectonic settings; here, they are governed primarily by the combined effects of compressional
magnetism, thermal magnetism, and deep thermal stress. This study provides new evidence of geomagnetic anomalies on the Tibetan
Plateau, interprets them physically, and demonstrates their potential for identifying seismic hazard zones on the Plateau.
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1. Introduction

The magnetic field is composed of a lithospheric magnetic field
and an external magnetic field. Lithospheric magnetism is gener-
ated primarily by magnetic minerals (e.g., FeO, Fe;03, and TiO,) in
the crust below the Curie point temperature (approximately
200-700 °C) (e.g., Purucker and Whaler, 2015). Owing to the
magnetic properties of rocks and their evolutionary differences,
the lithospheric magnetic field may provide information about
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the composition of the crust and surface topography and has
been widely used in related studies (e.g., Hsu et al, 1996;
Abramova et al., 2020; Erbek, 2021). For example, a study in the
Sichuan—Yunnan region proposed that the landmass boundary
corresponds well with the lithospheric magnetic field, which is
usually manifested as a zero-value line or a low-value region (Feng
LL et al.,, 2017), and a similar phenomenon has been confirmed in
other fracture tectonic settings (e.g., Su SP et al, 2017; Erbek,
2021; Liang X et al., 2024). The piezomagnetic effect serves as a
vital mechanism for understanding the relationship between
stress and magnetic fields. Laboratory studies have indicated that
rock magnetization under uniaxial stress is inversely related to
stress: magnetization is enhanced by stress release and decreased
by stress accumulation (Hao GQ et al., 1982; Yang T et al., 2020).
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Multiple earthquakes in Tibetan Plateau fault zones (e.g., the
Lenglongling Fault) and other fault zones exhibit similar magnetic
response characteristics (e.g., Feng XX and Li X, 2016; Zhang HY et
al., 2022; Wang CJ et al.,, 2024). In addition to the piezomagnetic
effect, the magnetocaloric effect may play an important role. The
thermal transition from ferromagnetism to paramagnetism is
represented by the Curie isotherm (Langel and Hinze, 1998;
Rajaram et al, 2009). Variations in the Curie isotherm reflect
changes in deep thermal structure, and its burial depth is closely
correlated with the values of the surface geothermal gradient
(Maule et al.,, 2005).

Most findings indicate that the horizontal and vertical vectors of
the lithospheric magnetic field differ significantly near fracture
zones (e.g., Yang XH et al,, 2020; Yang L et al., 2024; Gao GM et al.,
2025). The lithospheric magnetic results for different landform
types also differ significantly. For instance, according to aeromag-
netic data (Ou JM et al.,, 2013; Lei Y et al,, 2018; Gao GM et al.,
2018; Jiang Y et al., 2021), the Tibetan Plateau overthrust corre-
sponds to a magnetically negative anomaly, whereas the Sichuan
Basin corresponds to a positive anomaly. The variability in the
lithospheric magnetic field in North China is associated with
significant magnetic anomalies in the Yanshan block, in contrast
to the balanced distribution in the North China block (e.g., Su SP
etal, 2017).

Von Frese et al. (2008) combined satellite magnetic anomalies
with gravity field data and reported that transverse magnetic
anomalies (TMAs) in the U.S. are correlated with crustal thickness
variations and that the eastern part of the U.S. TMAs is influenced
by Precambrian Rift Mg—Fe rocks, whereas the western part
exhibits a weakened anomaly due to Rio Grande Rift heat flow. In
summary, the lithospheric magnetic field provides key geophysical
evidence for understanding crustal tectonic evolution and fracture
systems through its anomalous distribution.

Earthquakes usually occur in tectonic zones characterized by
changes in lithospheric magnetic anomalies (e.g., Feng LL, 2019;
Song CK and Chen B, 2024). Wen LM et al. (2017) reported that
geomagnetic anomalies are generated mainly by shallow-source
magnetic bodies superimposed on a weak magnetic basement,
and that the magnetic anomalies in regions where strong earth-
quakes occur are usually negative. That is, the epicenters of strong
earthquakes are located mainly in weak negative anomaly zones
of AZ (the vertical component) of the lithospheric magnetic field
and near the zero-value line, while strong earthquakes seldom
occur in large-scale positive or negative anomaly zones (e.g.,
Wang QH et al.,, 2017). However, the types and distributions of
magnetic minerals within the crust vary across regions, leading to
heterogeneity in the lithospheric magnetic field and in the charac-
teristics of strong earthquakes. Zu Q et al. (2021) investigated the
distributions of magnetic minerals within the crust in Taiwan and
their relationships with the locations of earthquakes. They
suggested that the types and distributions of magnetic minerals
in the crust differ across regions, which affects the occurrence of
strong earthquakes, and further proposed that when the subsur-
face temperature is less than approximately 450 °C, areas with low
levels of magnetization (where rocks tend to be brittle) are most
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prone to earthquakes.

In addition, the observational methods and data processing tech-
niques used in different studies affect the results. For example,
station measurements capture detailed magnetic anomalies but
are susceptible to shallow disturbances, whereas satellite data
(e.g., CHAMP and Swarm) provide global coverage and uniform
accuracy, suppressing shallow noise and reflecting deep tectonic
features (e.g., crustal magnetism) but with lower resolution (espe-
cially for short-wavelength anomalies) (Du JS and Chen C, 2015;
Lei Y et al,, 2018). Notably, drastic localized changes in the litho-
sphere, such as volcanic eruptions or earthquakes, can cause rapid
changes in the regional lithospheric magnetic field. Therefore,
geomagnetists study seismomagnetic relationships by monitoring
changes in the regional magnetic field and selecting reasonable
models that can aid in understanding the physical processes in
the crust that correlate with earthquake events (Yang T et al,,
2011; Zhang L et al., 2018).

The Tibetan Plateau is one of the most seismically active areas in
China and has experienced multiple strong M > 7 earthquakes
over the past 10 years, but the unique geographic and climatic
conditions of the Tibetan Plateau make it very difficult to conduct
field surveys. In recent decades, geomagnetic data have been
obtained via satellites, continuously operating observatories, and
portable observation stations. Kang GF et al. (2012) reported that
the positive and negative magnetic anomalies within the Tibetan
Plateau are generally weak and that the boundaries of the anoma-
lies are highly consistent with tectonic boundaries. Feng Y et al.
(2023) combined ground, airborne, and CHAMP satellite data to
construct a three-dimensional (3D) surface spline model and a
regional spherical harmonic analysis (RSHA) model of the Tibetan
Plateau; they reported that the Plateau’s distribution of magnetic
anomalies is consistent with its topography. To reflect lithospheric
magnetic variations on the Tibetan Plateau in a more detailed
way, Jiang Y et al. (2021) constructed a CLAS model and similarly
reported that the distribution of its magnetic anomalies is consis-
tent with the topographic relief of the Plateau. They also reported
that the distribution of magnetic anomaly boundaries coincides
with the major fracture zones (e.g., the Arjin fracture). Gu CL et al.
(2010) focused on the Wenchuan earthquake and reported that
the total intensity of the lithospheric magnetic field within 100 km
of the epicenter was significantly strengthened by negative
anomalies and that the magnetic declinations and inclinations
were consistent with the directions of the fault zones. The zero-
value lines of magnetic declination and inclination also compare
well with the direction of the rupture zone. The National Geophys-
ical Data Center (NGDC) of the United States added aeromagnetic
data to a series of geomagnetic models to improve the resolution
(https://www.ngdc.noaa.gov/geomag/EMM/indeX.html), but in
the Tibetan Plateau region, ground-based observation data were
missing; thus, the NDGG models do not reflect the characteristics
of lithospheric magnetism in the whole region. For these reasons,
few previous studies have focused on detailed relationships
between strong earthquakes and lithospheric magnetic field
anomalies on the Tibetan Plateau (e.g., Luo Y, 2013).

In this study, we use magnetic vector field data collected since
2008 from 209 repeat stations deployed by the China Earthquake
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Administration (CEA) on the Tibetan Plateau, together with the
China Geomagnetic Reference Field (CGRF), to construct a
geomagnetic model for the Tibetan Plateau region. We investigate
the relationship between lithospheric magnetic anomalies and
tectonics, and we analyze the spatial distribution of the lithospheric
magnetic field in the region to refine its characteristics around
M > 5 earthquake epicenters and examine the corresponding rela-
tionship with the occurrence of strong earthquakes.

2. Data and Methods

2.1 Data Acquisition

Since 2008, the China Earthquake Administration has carried out
ground-based magnetic field vector measurement surveys
nationwide every year. Between 2008 and 2018, 1371 repeat
stations, which are portable observation stations that conduct
periodic, repetitive observations at the same location, were estab-
lished to measure the magnetic vector field. They essentially cover
the Chinese mainland except for some uninhabited areas, and 209
of these stations are located on the Tibetan Plateau. The geomag-
netic model used in this study, which is based on these data, was
established in combination with the China Geomagnetic Reference
Field, a geomagnetic model for the Chinese region (e.g., Chen B et
al., 2016). The distribution of repeat geomagnetic stations on the
Tibetan Plateau and in the surrounding areas is shown in Figure 1.
In addition, there are seven geomagnetic reference observatories
(permanent observatories) on the Tibetan Plateau and in neigh-
boring regions, located in Lhasa, Lanzhou, Golmud, Jiayuguan,
Kashi, Chengdu, and Kunming; continuous observational data
from these geomagnetic reference observatories are used to
process the repeat station observations.

The ground magnetic field observation data include the total
geomagnetic field strength (F) and magnetic declination (D) and
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inclination (/) collected by repeat observation stations on the
Tibetan Plateau and its surrounding areas. However, the distribu-
tion density of the stations varies greatly. In the eastern part of the
Plateau, the average distance between neighboring stations is
approximately 70 km; in the southern part, the distance is 100 km;
in the northwestern part of the Plateau is a large gap area with no
monitoring. The lack of ground-based magnetic measurement
data in this NW region imposes a significant limit on the reliability
of our data and on the spatial resolution of the modeled litho-
spheric magnetic calculations presented below in this study.

To collect data measuring the three independent components of
the geomagnetic fieldacross the study area, we used two sets of
GSM-19T proton progression magnetometers (PPMs) with a sensi-
tivity of 0.15 nT at 1 Hz, a resolution of 0.01 nT, and an absolute
accuracy of £0.15 nT; two sets of global positioning system (GPS)
receivers; and a set of fluxgate longitude and latitude instruments
with an accuracy of 0.2 arcmin.

Each repeat observation station consists of a primary sensor point
(point A) and an auxiliary sensor point (point B); the distance
between these two measurement points is not less than 20
meters. To meet the requirements for repeated measurements,
the horizontal gradient in the area around each station must be
less than 3 nT/m, and there must be no anthropogenic electro-
magnetic interference (e.g., Wang ZD et al., 2018).

To ensure the stability and reliability of the instruments, each
proton feed magnetometer was calibrated before each measure-
ment using the exchange synchronization measurement method,
and the total difference in the geomagnetic field between points
A and B was obtained (Gu ZW et al., 2006). When the preparations
were completed, the measurement started. A nonmagnetic warp
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Figure 1. Distribution of ground magnetic field observations on the Tibetan Plateau. The solid red line delimits the study area of the Tibetan
Plateau. The dashed black lines indicate the known suture zones. The dashed red line surrounds the depopulated zone of the northwestern
Tibetan Plateau, an area with a large monitoring gap. The solid green line represents the profile consisting of ten selected points, which is used to
compare the results from our model to the EMM (https://geomag.org/models/) in an area with good repeat station (portable station) coverage.
NETP: northeastern Tibetan Plateau; STP: southern Tibetan Plateau; NWTP: northwestern Tibetan Plateau; DLS: Daliangshan Fault; LMS:

Longmenshan Fault; XSH-ANH-ZMH: Xianshuihe-Anninghe-Zemuhe F

ault; MBT: Main Boundary Thrust Fault; MCT: Main Central Thrust Fault.
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beam was installed at point A for magnetic declination (D) and
inclination (/) measurements, and a proton spinning magnetome-
ter (PPM) was installed at point B for total geomagnetic field
measurements. Six sets of vector data were observed at each
station, each set containing 4 D/I pairs and 10 F measurements,
and each set of measurements took 8—10 minutes.

2.2 Data Processing

To obtain the lithospheric magnetic field, geomagnetic observa-
tions must be corrected for daily variations to eliminate exogenous
perturbations. The daily variation correction is usually based on
the continued observation data of the geomagnetic station; the
field measurement data (F, D, and /) of the geomagnetic field at
the measurement points in the Tibetan Plateau region are
corrected for the daily variation in fluxes to minimize as much as
possible the influence of exogenous geomagnetic variations.
According to the observation time, a certain magnetostatic day
during the observation period is selected as the flux correction
day: the 2021 measurements are corrected to relative values by
reference to the data from July 4, 2021; the 2022 measurements
are corrected with reference to data from July 25, 2022. The
following methods of daily variation correction (Chen B et al,
2017) were used:

F. site_int_T; = F. site_mea_T; — Isite_ext_T;
= Fsite_mea_T; — F obs_ext_T;
= Fsite_mea_T; — (Fobs_mea_T,- - Fobs_int_T,-) (1)
= Fsite_mea_T; — (Fobs_mea_T,- - obs_int_To)

= Fsite_mea_T; — (Fobs,meaj,v - Fobs,meajg )l

where Fgo i 7 is the result of the daily variation flux of a geomag-
netic element observed at time T;; Fge mea 7, IS the measured value
of the geomagnetic element at time T;; Fe o 7, IS the part of the
exogenous field in the measured value of the geomagnetic
element at time T;; Fops ex 7, IS the part of the exogenous field in
the value of the geomagnetic element measured at time T; at the
geomagnetic station closest to the measurement position;
Fobs_mea 7, IS the value of the geomagnetic element measured at
time T; at the geomagnetic station closest to the measurement
position; and Fyp i 7, is the part of the exogenous field in the
value of the geomagnetic element measured at time T; at the
geomagnetic station closest to the measurement position.
Fobs_int 7, IS the endogenous field part of the value of the geomag-
netic element measured at 00:00-03:00 on the day in which the
daily variation occurs at the station nearest to the measurement
location; Fops mea 7, IS the value of the geomagnetic element
measured at 00:00—03:00 local time on the day in which the daily
variation in the geomagnetic element occurs at the station nearest
to the measurement location.

The daily variation data are corrected to January 1, 2020, thus
eliminating the endogenous field discrepancies in the observations
of different years. Long-term variation correction is performed
using the natural orthogonal component (NOC) model of the
Chinese mainland, a modeling method that calculates the natural
orthogonal component of the geomagnetic field in China from
January 1, 1995, to the present, using geomagnetic data from 31
permanent observatories in China.
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Before modeling, the observed data need to be processed. First,
the measured data are checked for obvious errors, and the intra-
group averages of the six sets of data are calculated to obtain the
final values of the repeat stations. To better represent the distribu-
tion of the geomagnetic field, measurement points with large
geomagnetic anomalies must be deleted (An, 1993). The selected
deletion criteria are as follows:

AX = Xob - XlGRF > 500 nT, (2)
or AY = Yob - YIGRF > 500 nT, (3)
or AZ = Zop —Zigrr = 500 nT, 4)

where X,,, Yo, and Z,, represent the endogenous field values
normalized to January 1, 2020; and Xge, Yigrr, @and Zgrr represent
the theoretical values of the measurement points on January 1,
2020, which are calculated according to IGRF14. AX, AY, and AZ
denote magnetic anomalies (or residual magnetic field values). A
total of nine geomagnetic measurement points were deleted
according to this criterion.

2.3 Lithospheric Magnetic Calculations and Endogenous
Field Modeling

A surface spline function was used to fit the geomagnetic field.
Harder and Desmarais (1972) first applied this method to interpo-
late discrete surface data. In this method, a continuous gradient
surface is used to accurately reflect the observations at the
measurement point. Compared with other interpolation methods
(e.g., kriging, the equivalent-source method, the radial basis func-
tion, and the minimum-curvature algorithm), the surface spline
function enables the effective simulation of regional three-dimen-
sional models. It can elaborate the attenuation variation of small-
scale magnetic fields in the radial direction, captures more
detailed information on small-scale magnetic anomalies, and is
more suitable for processing observation data (Feng Y et al., 2013;
Tang Y and Feng Y, 2023). Moreover, compared with other inter-
polation methods that rely on scale parameters or specific models
(e.g., the equivalent source method depends on the “scaling
constant” and kriging relies on a variogram), the surface spline
function does not require selection of specific scale parameters
through a trial-and-error process. This advantage allows it
preserve data characteristics while avoiding fitting-deviations
caused by parameter mismatching, thus reducing the probability
of artifact generation (Billings et al., 2002). In summary, the spline
function of the surface represents not only the distribution of the
geomagnetic field over the surface but also the distribution of the
horizontal gradient (north—south and east-west) of the geomag-
netic field over the surface. The method can achieve stability and
good convergence. The formula is as follows:

B(x,y)=a+bx+cy+ Z F,-r,»zln(r,-2 +¢), (5)

ZF,' = ZF,‘X,‘ = Z Fiyi = 0, (6)

where x and y are the horizontal and vertical coordinates of the
point to be fitted, respectively. x; and y; are the horizontal and
vertical coordinates of the i-th original measurement point,
respectively. B(x,y) is the quantity of the x and y points to be
solved, g; and F; are the fitting coefficients, N is the number of
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original data points, 1 = \/(x=x)* + (y =)’ is the distance from
the point to the i-th repeat station, and ¢ is the curvature factor
that controls the maximum difference between the fitted surface
values and the original values. The northward component X, the
eastward component Y, and the vertical component Z can be
computed with the internal magnetic field data of the total inten-

sity F, magnetic inclination /, and known magnetic declination D.

By subtracting the main magnetic field from the 3D surface spline
(SP) model, the lithospheric magnetic field of the Tibetan Plateau
and its surrounding areas can be obtained. The formula is as
follows:

AB = Bsp — Bemmmains (7)

where B denotes any component of the geomagnetic field, Bsp is
the component after surface spline fitting, and Bgyymain is based
on the Enhanced Magnetic Model 2015 (EMM2015) (https://www.
ncei.noaa.gov/products/enhanced) for the main magnetic field.
However, it is important to note that the absence of satellite/aerial
data may affect the results. For example, the interpolation results
for the northwestern Tibetan Plateau exhibit significant uncer-
tainty. This further reduces the spatial resolution of the overall
data—not only making accurate reconstruction of detailed
features of regional magnetic anomalies difficult but also poten-
tially generating nonphysical anomalous gradients at the edges of
the data-blank region (approximately along the Altyn Tagh Fault,
the central boundary of the Qaidam Basin, west of the Kunlun
Fault, and the boundary between the Qiangtang and Lhasa
blocks) (Gu ZL et al., 2025). Additionally, station observation data
are constrained by the limited near-surface observation height,
which prevents the complete preservation of magnetic field
signals with wavelengths exceeding 150 km (Thébault et al.,
2010).

2.4 Checking with a Checkerboard Test

We construct a checkerboard test using latitude and longitude
ranges consistent with those of the study area, setting the grid
resolution to 0.5° x 0.5°—a spatial resolution comparable to that
of the ground observation data. In the validation design, each 2° x
2° grid cell was assigned either a positive value (50 nT) or a negative
value (-50 nT), with positive and negative values alternating in
adjacent regions. The set magnitude range corresponds to the
actual intensity range of the lithospheric magnetic field model
(Figure S1a). The final interpolated results were output at a grid
resolution of 0.2° x 0.2° (Figure S1b). The surface spline model
interpolation calculations employed in this study demonstrate
that the interpolated results effectively preserve the alternating
positive-negative pattern of the original checkerboard data. Only
in regions with abrupt gradient changes at positive-negative
value boundaries does the interpolation smoothing effect create
transition zones between —50 nT and 50 nT, a phenomenon
consistent with the expected behavior of interpolation methods.
These results demonstrate that the surface spline model estab-
lished in this study objectively reflects the spatial variation trends
of ground observation data without significantly affecting the
resolution of the original data.

3. Results

3.1 Features of the Magnetic Field in the Lithosphere of
the Tibetan Plateau

The X, Y, and Z anomalies of the lithospheric magnetic field in the
Tibetan Plateau region were obtained by the abovementioned
method (Figure 2). The distributions of the X, Y, and Z components
have several common features, which essentially coincide with
those of geological formations (Ou JM et al., 2013; Qiu YD et al.,
2017). For convenience, we divide the Tibetan Plateau into three
regions for in-depth analysis, namely, northeast, south, and north-
west.

In the northeastern part, the components are weak and mostly
negative (Figure 2). This region includes the entire Qilian fold
system, the western part of the Qinling—Dabie fold system, the
Qaidam Basin, the eastern part of the Songpan—Garzé block, and
the Qiangtang block (Figure 1). As the edge of the Plateau, the
Qilian fold belt shows a broad band of negative magnetic anoma-
lies interspersed with areas of positive anomalies in the Z compo-
nent. The northeastward thrusting of the Plateau led to stress
release in the northern Lenglongling Fault and stress accumulation
in the southern part, which triggered anomalies in the magneto-
spheric field (Liu YH et al., 2019). For the X component, the Qilian
fold system and the Qaidam Basin appear to be connected by a
broad negative anomaly belt that also extends in a north—south
direction (Figure 2a). The Y and Z components of the Qaidam
Basin are located in a positive anomaly zone (Figures 2b and 2c).
The eastern part of the Songpan-Garzé block shows a large nega-
tive anomaly zone for the Z component. The eastern Qiangtang
block as a whole shows weak positive or negative anomalies, and
the boundary between this region and the Lhasa block clearly
presents a positive—negative transition in the Zcomponent.

In the southern part, the lithospheric magnetic field of the Lhasa
block is complicated; the Z component is characterized mainly by
negative anomalies in the western and eastern portions (except
the central portion), and the Y component is characterized primar-
ily by positive anomalies. The boundary between the Lhasa block
and the Himalayas is most remarkable in the X component, which
is coincident with the zero-value line. For the Himalayas, the Z
component shows a broad negative anomaly zone, which is inter-
preted as deep material along the strike (Kang GF et al., 2012). The
Xand Y components show mainly positive anomalies.

For the northwestern Tibetan Plateau, the X and Y components
exhibit mainly positive anomalies, whereas the Z component is
almost entirely negative. Since there are few repeat observation
stations on the northwestern Plateau, the lithospheric magnetic
fields are obtained by interpolation from the observations of the
surrounding stations; thus, the confidence of the results may be
insufficient.

3.2 Relationships Between Lithospheric Magnetic Fields
and Moderate to Strong Earthquakes

In this study, 1067 M >5 earthquakes that have occurred on the

Tibetan Plateau since 1900 were selected. Of these, 862 earth-

quakes were of the M5 class (5.0-5.9), 199 earthquakes were of
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Figure 2. Spatial distribution of the lithospheric magnetic field on the Tibetan Plateau calculated in our study on the basis of magnetic vector
data from repeat observation stations. The northward component (X), eastward component (Y), and vertical component (2) of the lithospheric
magnetic field are calculated using the surface spline model based on magnetic vector field data from the 209 repeat observation stations
deployed by the China Earthquake Administration on the Tibetan Plateau since 2008. The dashed red line surrounds the depopulated zone of the
northwestern Tibetan Plateau, which is a large monitoring gap. The solid red line indicates the study area on the Tibetan Plateau. The black
dashed lines represent the major tectonic boundaries (suture zones) of the Tibetan Plateau. The color bars on the left indicate the numerical
distribution values (nT) of the X, Y, and Z components. NETP: northeastern Tibetan Plateau; STP: southern Tibetan Plateau; NWTP: northwestern
Tibetan Plateau; DLS: Daliangshan Fault; LMS: Longmenshan Fault; XSH-ANH-ZMH: Xianshuihe-Anninghe-Zemuhe Fault; MBT: Main Boundary
Thrust Fault; MCT: Main Central Thrust Fault.
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Figure 3. Statistical plot of the X, Y, and Z component intensities of
the lithospheric magnetic field in the entire area of the Tibetan
Plateau covered by this study; the study area was gridded using a
standard 0.01° X 0.01° mesh. Calculations of the magnetic vector field
strength at each grid unit were made using a surface spline model
based on data from the 209 repeat stations in the study area. Red,
blue, and green histograms represent the northward component (X),
eastward component (Y), and vertical component (2), respectively, of
the magnetic field.

the M6 class (6.0-6.9), 26 earthquakes were of the M7 class
(7.0-7.9), and 6 were of the M8 class (8.0-8.9). We divided the
three components of the lithospheric magnetic field within the
Tibetan Plateau into 0.01° x 0.01° grids and analyzed the X, Y, and
Z values at each grid using steps of 50 nT (Figure 3). We chose
steps of 50 nT because the magnitude of the lithospheric
magnetic field associated with earthquakes is essentially a few
tens of nT (Lei Y et al, 2018; Zhang HY, 2024). We assessed the
intensity of the lithospheric magnetic field at the epicenters of the
1067 M >5 earthquakes (Figure 4) and 231 M >6 earthquakes
(Figure 5). Note that we did not perform a statistical analysis of the
M > 7 earthquakes in this study because of their small sample size
(n=32).

In terms of the distribution of the X component across the
Plateau, the most prominent values are located in the intervals
from —50 to 0 and 0—50 nT (Figure 3). The X component values at
the epicenters of the M > 5 earthquakes are concentrated mainly
in the range of —100 to 50 nT; the most concentrated interval is
—50 to 0 nT, and the second-most concentrated interval is 0—50
nT (Figure 4). The features of the X component range at the
epicenters of M > 6 earthquakes are highly similar to those of M >
5 earthquakes (Figure 5).

The most significant difference between the distribution of the X
component at the epicenters of earthquakes, compared with its
distribution over the whole Plateau, is in the 50-100 nT interval;
the second-most significant differences are in intervals —50 to 0
and 0-50. Note also that the number of earthquakes in intervals
>50 nT is significantly smaller than that in intervals < —50 nT
(Figures 4 and 5). These results suggest that moderate to strong
earthquakes are more likely to occur when the X component is

negative, especially when its value is in the range of =50 to 0 nT.

The distribution of the Y component across the Tibetan Plateau is
mainly in the range of —200 to 200 nT; values from —50 to 0 and
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Figure 4. Statistical plot of the intensities of the X, Y, and Z
components of the lithospheric magnetic field at the epicenters of
M > 5 earthquakes on the Tibetan Plateau. The calculation uses a
surface spline model based on magnetic vector field data from 209
repeat stations. Red, blue, and green histograms represent the
numbers of northward component (X), eastward component (Y), and
vertical component (2) measurements, respectively, that fell within
each intensity interval. The intensity intervals are 50 nT from —250 nT
to > 250 nT.
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Figure 5. Statistical plot of the intensities of the X, Y,and Z
components of the lithospheric magnetic field at the epicenters of
M > 6 earthquakes on the Tibetan Plateau. The calculation uses a
surface spline model based on magnetic vector field data from 209
repeat stations. Red, blue, and green histograms represent the
numbers of northward component (X), eastward component (Y), and
vertical component (2) measurements, respectively, that fell within
each intensity interval. The intensity intervals are 50 nT from —250 nT
to >250nT.

0-50 nT are the most prominent (Figure 3). Y component values
at the epicenters of M > 5 and M > 6 earthquakes exhibit the same
characteristics (Figures 4-5).

The generation mechanisms of the Z component appear to differ
from those of the horizontal (X and Y) components. The Z compo-
nent is influenced primarily by deep crustal magnetic materials,
particularly those closely related to the distribution of the Curie
isotherm, whereas the horizontal components are influenced
significantly by surface geological conditions and topography
(Jiao LG et al., 2013), particularly by surface and shallow magnetic
materials. The spatial distribution of the Z component typically
exhibits a gradient, varying from high to low values, while the
horizontal components display complex variations in both direc-
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tion and intensity. Physically, Z component values primarily corre-
late with the vertical distribution and variations of subsurface
magnetic materials, whereas horizontal component values mainly
reflect the horizontal extension of and variations within these
magnetic materials (Okubo et al,, 2011; Jiao LG et al,, 2013). The
distribution of the Z component across the Tibetan Plateau is
concentrated in the range of —350 to 350 nT, with =50 to 0 nT and
0-50 nT being the most prominent intervals (Figure 3). The strong
earthquakes studied here were more likely to have occurred in
areas where the Z component was negative (from —50 to 0 nT)
than in areas where the Z component was positive (0—50 nT).

The mean values of the X, Y, and Z components at the epicenters
of all earthquakes with strengths greater than M5 are shown in
Figure 6. As above, the Tibetan Plateau is divided into a 0.01° x
0.01° grid, and the average values of the three components of the
lithospheric magnetic field are computed for each grid element
by summing all the grid data to obtain the average lithospheric
magnetic field values for the entire study region (histograms
labeled “ALL" in Figure 6). Using the same method, we calculate
the average values of the X, Y, and Z components at the epicenters
for earthquakes of the M5 class (5-5.9), M6 class (6-6.9), M7 class
(7-7.9), and M8 class (8-8.9). We also separately calculate the aver-
age values of the three components for earthquakes with M >5
and M > 6. Notably, the sample sizes for M7 class (n = 26) and M8
class (n = 6) earthquakes are relatively small, which may limit the
statistical significance of the results.

The calculation results show that the average values of the X and
Y components in this study are consistent, with all the X component
values being negative and all the Y component values being posi-
tive. However, the mean values of the Z component across the
entire study region differ significantly from those at the epicen-
ters: the former are positive, whereas the latter are negative.

Positive anomaly values of the Z component in the regional back-
ground typically originate from the lithosphere’s strong overall
magnetic properties in that region. When large-scale magnetized
geological bodies (e.g., lithospheric blocks with high magnetic

® X_average ®Y_average ™ Z_average

Figure 6. Mean values of the X, Y, and Z components of the
lithospheric magnetic field at the epicenters of M>5 earthquakes on
the Tibetan Plateau; the study area was gridded using a standard
0.01° x 0.01° mesh. Calculations of the magnetic vector field at each
grid unit were made using a surface spline model based on data from
the 209 repeat stations in the study area. Red, blue, and green
histograms represent the average values of the northward
component (X), eastward component (Y), and vertical component (2),
respectively, of the magnetic field.
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intensity) exist in the subsurface, their induced magnetization
aligns with the geomagnetic field. Consequently, a positive
magnetic anomaly is formed when the Z component generated
directly above this geological body aligns with the direction of the
main magnetic field, thereby strengthening the total magnetic
field. However, through the magnetization effect, the continuous
accumulation of stress in the earthquake source region during the
seismic incubation process can cause a significant reduction in
rock magnetic susceptibility, leading to demagnetization
(Jelenska, 1975; Zhang et al,, 2023). This transforms the region
beneath the epicenter that originally exhibited a positive anomaly
into one with weaker magnetism relative to the surrounding
background, resulting in a negative magnetic anomaly of the Z
component.

The X component values are less than =50 nT at the epicenters of
earthquakes with strengths greater than M8. The results support
that the observation that Z component values in the range from
—50 to 0 nT at the epicenters of earthquakes with strengths
greater than M5 are thought to be more indicative of strong
earthquakes than X and Y components.

3.3 Potential Earthquake-prone Regions According to the
Statistical Results

On the basis of the statistical results presented in Section 3.2, the
stability of the Z component of the lithospheric magnetic field is
indicative of the occurrence of M > 6 earthquakes. The Z compo-
nent is highly sensitive to the depth of magnetic sources. Further-
more, compared with the horizontal components (X and Y
components), it usually reflects the presence and geometric
morphology of magnetic bodies more accurately. This characteris-
tic provides an important foundation for linking deep geological
processes with seismicity (von Frese et al., 2008; Thébault et al.,
2010; Wei RQ and Yu L, 2012).

Moreover, there is a strong intrinsic correlation between regional
tectonics and seismicity. Both the stress state and the rheological
parameters, which are key factors governing the spatial distribu-
tion of earthquakes, are highly sensitive to temperature variations
(Shi YL and Cao JL, 2008). Regional thermal conditions are directly
linked to tectonic activity. The strength of tectonic processes
alters thermal conduction and heat accumulation within the litho-
sphere, which can cause an increase or decrease in the Curie
depth (Rajaram et al., 2009; Gao GM et al.,, 2015a, 2015b). Jiao LG
et al. (2013) demonstrated that, compared with horizontal compo-
nents, the Z component is more sensitive to the Curie depth,
effectively reflecting thermal state variations (Qiu YD et al., 2017;
Abramova et al., 2020). Similarly, according to Lei Y et al. (2018),
who proposed the two equal source dipole (TESD) model, the Z
component and seismicity are correlated because of variations in
the Curie depth. These variations cause temperature disparities
between adjacent blocks, leading to viscosity differences. Stress
accumulation and seismic triggering are more likely to occur at
block boundaries with significant viscosity variations. This model
further indicates that areas with negative Z component anomalies
frequently correspond to active tectonic zones, which are charac-
terized by lower rock viscosities, higher geothermal gradients, and
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Figure 7. Earthquake-prone zones on the Tibetan Plateau according to the values of the Z component of the lithospheric magnetic field in our
study, with the same region shown in Figure 2. The red area is the most earthquake-prone, and the yellow area is less earthquake-prone. The solid
circles represent the M > 5 earthquakes that occurred from 1900 through 2015. The dashed red line surrounds the depopulated zone of the
northwestern Tibetan Plateau, which is a large monitoring gap. Gray circles: M5 class earthquakes; green circles: M6 class earthquakes; and purple
circles: M7 class earthquakes. DLS: Daliangshan Fault; LMS: Longmenshan Fault; XSH-ANH-ZMH: Xianshuihe—Anninghe-Zemuhe Fault; MBT:

Main Boundary Thrust Fault; MCT: Main Central Thrust Fault.

shallower Curie depths. Because of poor tectonic stability, these
areas are more susceptible to inducing seismicity.

On the basis of the results of the preceding analysis, we define the
regions with Z component values ranging from —50 to 0 nT as the
most earthquake-prone regions (red zones in Figure 7) and the
regions with Z component values ranging from —100 to —50 nT or
0-50 nT as the second most earthquake-prone regions (yellow
zones in Figure 7). The solid circles represent earthquakes with
strengths greater than M5 from 1900 through 2015.

The results show that major active tectonic belts, such as the MBT
and MCT, as well as extensive strike-slip fault systems, such as the
Xianshuihe-Anninghe-Zemuhe Fault, are strongly associated
with the previously mentioned high-risk magnetic anomaly zones.
Many of these fault zones either closely overlap magnetic
anomaly belts or are distributed along the boundaries of
magnetic anomalies (Figures 2 and 7). These findings suggest that
they serve not only as boundaries of surface tectonics but also as
demarcations of deep lithospheric structure and material compo-
sition. In the tectonic context of intense northward thrusting by
the Indian Plate, physical processes that take place in the deep
crust, including thickening, heat activity, and strong fracturing,
are profoundly reflected in the negative magnetic anomalies.
These processes promote strain energy accumulation while also
weakening rock magnetism.

Moreover, the southern part of the north-south seismic zone
(96°-100°E, 30°-34°N) is considered highly prone to earthquakes,
with a history of strong earthquakes, indicating tectonic instabil-
ity. This area, which has an incredibly complex and active tectonic
setting, is a crucial junction where the strike-slip motion of the
Sichuan-Yunnan block interacts with lateral compressional stress
from the eastern Himalayan syntaxis. The characteristics of the

lithospheric magnetic field make this clearly evident. This finding
aligns with observations that earthquakes in this region occur
frequently around transition zones or magnetic anomaly bound-
aries.

4. Discussion

4.1 Comparison with the EMM

Although the EMM data have been improved by satellite, oceanic,
and airborne magnetometry, fewer ground-based observations
are available for the Tibetan Plateau. In contrast, our model is
based on data from measurements at more than 200 ground
repeat stations. The EMM used for comparison with our model is
EMM2015, one of several EMMs developed by the NGDC. On the
basis of spherical harmonic analysis, this model is a high-order
geomagnetic field model released by the National Oceanic and
Atmospheric Administration (NOAA) and is applicable for
geomagnetic field calculations from 2000 to 2019 (https://
geomag.org/models/). By comparing the EMM with our model, we
can validate how data selection affects modeling results and
further understand the geomagnetic field on the Tibetan Plateau.

Previous results of the lithospheric magnetic field on the Tibetan
Plateau obtained from the EMM (Figure S2; e.g., Luo Y, 2013) are
compared with the results of this study. With a 70 km station spac-
ing, our study primarily uses ground observation data to model
the geomagnetic field over the Tibetan Plateau. This configuration
effectively captures the anomalous characteristics of the shortwave
components (less than 200 km) of the lithospheric magnetic field.
In contrast, other models (including the EMM) primarily use satellite
magnetic survey data, which can capture only the longwave
components (over 400 km) of the lithospheric magnetic field.
Furthermore, the ground-level lithospheric magnetic field in the
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EMM for the Tibetan Plateau is based primarily on model inversion
results, which exhibit significant discrepancies from actual condi-
tions, since satellite magnetic surveys are conducted at altitudes
exceeding 300 km above the surface.

Additionally, to compare the agreement between the two models,
we select a profile line in the area with good repeat station cover-
age (Figures 1 and S2) and compare the values of the X, Y, and Z
components at 10 points along this line (Figure S3). In the central
portion of the profile line, the two models clearly show similar
trends and are in high agreement, indicating that their results are
largely consistent across most of the region.

We found that the distributions of positive and negative values of
the lithospheric magnetic vectors are essentially the same, but the
resolution of the EMM results is better. Nonetheless, the model
calculation from ground-based observations is much improved by
this study. For example, in our study, a positive magnetic anomaly
of the Z component was inferred by utilizing ground vector data
from the Qaidam Basin. In contrast, because of insufficient ground
observations, the Curie surface burial depths of 30 km to 44 km
exhibit weak negative anomalies in the same region, which are
obtained by the EMM on the basis of its inversion of aeromagnetic
survey data (Lei Y et al.,, 2024). For the eastern part of the Songpan
—Garzé block, our results reveal a wide variety of weakly negative
anomaly zones, whereas the EMM calculations result in weakly
positive anomaly zones. Furthermore, owing to its lack of ground-
based data coverage, the spatial resolution of the EMM is signifi-
cantly lower on the southern Tibetan Plateau. In contrast, our
study significantly improves the spatial resolution in this region
and compensates for the airborne data to better identify the
boundaries between regions with positive and negative values. In
addition, the overall magnetic field strength calculated by the
model in this study is greater than that of the EMM for all three
component values. The difference in the measurement height of
the data sources may be important because the EMM includes
mainly satellite magnetometry and aerial data, whereas our study
involves more than 200 ground measurements, and less magnetic
field attenuation is observed. At satellite observation altitudes, the
intensity of the lithospheric magnetic field typically constitutes
less than 0.1% of the overall magnetic field strength, and its
strength decreases significantly with increasing height (Maus et
al., 2008; Regan and Marsh, 1982). Consequently, the lithospheric
magnetic field strength calculated by our method is generally
greater than that calculated by the EMM.

According to the EMM, the lithospheric magnetic field at the
epicenters of medium-strong earthquakes within the Z compo-
nent value range of 0—20 nT corresponds to the most earthquake-
prone region, whereas the least earthquake-prone regions are
those with values ranging from —40 to 0 nT (Figure S2). However,
in this study, moderate to strong earthquakes (M >5) occur
predominantly in regions where the vertical component (2) of the
lithospheric magnetic field is negative, particularly within the
range of -50 to 0 nT.

The present model in our study still has shortcomings, despite the
promising approach of using repeated ground-based measure-
ments to preserve magnetic anomaly signals. The accuracy and
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reliability of the model cannot be assured in some areas with gaps
in monitoring, which are difficult to reach and deploy stations
(e.g., the northwestern Tibetan Plateau in Figure 1). However, the
accuracy of lithospheric magnetic field calculations is improved,
and we suggest that prediction of strong earthquakes can be
significantly improved by suitable models that combine aeromag-
netic data, satellite data, and ground data.

4.2 Comparison with Other Tectonic Settings

Our study reveals a statistically significant relationship between
the lithospheric magnetic field and seismicity on the basis of
observations from the Tibetan Plateau. Specifically, the Plateau
features a large-scale weak magnetic background; borders in the
Plateau’s lithospheric magnetic field closely align with major
tectonic block boundaries (Figure 2). Seismic epicenters show
distinct clustering in regions with negative Z component values
(approximately ranging from —50 to 0 nT) (Figures 3-7). The
magnetic structure of the lithosphere can reflect deep weak
tectonic zones and local thermodynamic conditions, which
control stress accumulation and release (Yang T et al., 2020). This
fundamental physical mechanism manifests in distinct forms
across different dynamic environments, including subduction
zones, rift zones, and cratons.

The magnetic field characteristics in other tectonic settings vary
significantly. In subduction zones, magnetic anomalies are
governed primarily by factors such as lithospheric age and
subduction velocity and angle. For example, slow-rate subduction
zones (e.g., the Puerto Rico Trench) may not have as many notice-
able magnetic anomalies as rapid subduction zones (e.g., the
Middle America Trench), which present large positive magnetic
anomalies reflecting relatively intact subducting slabs (Counil et
al., 1989; Thébault et al., 2017). Furthermore, studies across multiple
subduction zones worldwide indicate that lithospheric age is a
key factor controlling the evolution of magnetic anomalies.
Owing to the thermal shielding effect, younger lithosphere may
exhibit more magnetic anomaly decay after subduction than
older lithosphere (Choe and Dyment, 2021).

Magnetic anomalies in rift zones are controlled primarily by exten-
sional tectonics and deep thermorheological processes, and typi-
cally exhibit banded or segmented distribution patterns. In the
Trans-Atlantic Geotraverse segment of the Mid-Atlantic Ridge,
near-seafloor magnetic surveys reveal that the eastern rift wall
exhibits a prominent linear low-susceptibility belt and that high
magnetic susceptibility zones are concentrated along the new
volcanic axis, clearly offset westward from the center of the Brun-
hes anomaly (Tivey et al., 2003). This low magnetic anomaly is
closely related to crustal extension controlled by normal faults
and magnetic layer thinning rather than by hydrothermal alter-
ation. Similar characteristics are seen in continental rift environ-
ments (e.g., the Kenyan Rift and the Mozambique Belt), where
preexisting weak crustal zones (e.g., tectonically weakened areas
within the Mozambique Belt) play crucial roles in controlling fault
development and magnetic anomaly differentiation (Richter et al.,
2021). Dominant faults at rift boundaries often form distinct
magnetic gradient zones that operate as the main locations for
strain concentration and tectonic activity (Counil et al., 1989;
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Ramos et al., 2021).

Magnetic anomaly belts exhibit spatial correlation with seismicity;
for instance, low-magnetization zones in the Trans-Atlantic
Geotraverse segment correlate with microseismic activity, and
similarly the high-density faults and shallow-focus earthquakes
coexist in the southern Kenya Rift (Tivey et al., 2003; Muirhead et
al., 2016). Consequently, utilizing magnetic boundaries to locate
active faults, and identifying extensive negative magnetic anoma-
lies to assess seismic hazard zones, appear to remain promising
approaches.

Tectonic environments within cratons typically exhibit gentle
magnetic anomalies. For instance, the magnetic anomaly pattern
in the Tarim Basin is characterized by strong basins and weak
mountains. Strong magnetic basement is associated with positive
anomalies in the basin center, whereas weak or negative anomalies
are present in nearby orogenic belts. These belts are associated
with mantle uplift caused by high heat flow (Ou JM et al., 2013;
Gao GM et al,, 2017; Wang J et al., 2021; Wang J et al., 2024). In
contrast, orogenic environments typically exhibit more complex
and variable magnetic field characteristics. Tectonically active fold
zones show predominantly negative anomalies or weak magnetic
backgrounds, but magnetic fields in the Central Asian Fold Belt
frequently exhibit a block-like alternating positive-negative
pattern, with stable blocks corresponding to positive anomalies
(e.g., Ou JM et al., 2013; Abramova and Filippov, 2019; Yuan JH et
al.,, 2022).

In conclusion, although the lithospheric magnetic field is an
essential indicator of deep tectonics and seismicity, its manifesta-
tions in diverse tectonic settings need to be interpreted in
conjunction with specific geodynamic processes.

4.3 Physical Mechanisms Underlying the
Magnetic-Seismic Link

Our study reveals a significant relationship between the bound-
aries of major tectonic blocks and the distribution patterns of
lithospheric magnetic fields on the Tibetan Plateau. Earthquakes
in this region show a marked tendency to occur in areas where
the Z component values are negative (Figures 2 and 7). Instead of
coincidental spatial coupling, these statistical findings suggest an
intrinsic physical connection between lithospheric magnetic field
characteristics and seismic nucleation processes. As one of the
world’s most prototypical continental collisional orogenic belts,
the lithosphere of the Tibetan Plateau has undergone intense
deformation, crustal thickening, and material transport (Li TD et
al.,, 1986; Pan GT et al., 2012; Laborde et al., 2019; Pietrolungo et
al., 2024; Gao GM et al,, 2025). These deep processes inevitably
leave imprints on the lithospheric magnetic field and may influence
earthquake occurrence through thermomechanical effects.

Earthquakes typically occur along major active fault zones and are
caused by the accumulation and release of stress within the crust.
Consequently, one of the main factors influencing the occurrence
of earthquakes is the stress state of the subsurface medium (Zou R
et al,, 2018). The northward thrusting of the Indian Plate and the
obstruction of the Tarim block resulted in the whole Tibetan

Plateau being within a strong compressional stress environment
(Laborde et al., 2019; Li YC et al.,, 2024; Pietrolungo et al., 2024;
Gao GM et al,, 2025). The possible existence of middle-lower
crustal flows further modulates the stress distribution (Clark and
Royden, 2000; Li L et al., 2024). With fault zones demagnetizing
during stress loading, the tectonic setting provides extensive
stress conditions for the piezomagnetic effect, which may lead to
the observed negative magnetic anomalies (Figure 7).

As for the magnetocaloric effect, owing to direct tectonic collision,
the southern Tibetan Plateau, which includes the Lhasa and
Himalayan blocks, exhibits high heat flows (often more than
80 mW/m?) and a significantly elevated Curie surface (approxi-
mately 600 °C isotherm) (Tao W and Shen ZK, 2008; Lei Y et al,,
2018; Hu SB et al., 2000). This demagnetizes ferromagnetic minerals
and creates widespread negative magnetic anomalies (Qiu YD et
al., 2017). Alsdorf and Nelson (1999) reported an average depth of
approximately 15 km for the Curie surface on the Tibetan Plateau,
which is consistent with the depth of the partially molten crust.
The brittle upper crust above the Curie surface (typically less than
10 to 20 km) is precisely the primary development zone for shallow
earthquakes. In addition to directly causing demagnetization,
thermal activity can also trigger earthquakes by promoting fluid
circulation, decreasing effective stress, and weakening fault
strength (Alsdorf and Nelson, 1999; Qiu YD et al.,, 2017; Yang T et
al., 2020; Gao GM et al., 2025). Additionally, processes such as fric-
tion-induced phase transitions in iron-bearing minerals (Yang T et
al., 2012) or fluid infiltration affecting the electrical and magnetic
properties of fault zones (Jouniaux and Zyserman, 2016; Zeigarnik
et al,, 2022) may also contribute to the coupling between spatial
heterogeneity in magnetic anomalies and seismicity.

Nevertheless, some moderate-to-strong earthquakes occur
outside negative magnetic anomaly zones. This finding indicates
that the magnetoseismic relationship is governed by a combina-
tion of factors such as crustal depth variations, magnetic suscepti-
bility anisotropy, and multiscale tectonic responses (Lei Y et al.,
2018). Rock composition, structure, temperature—pressure condi-
tions, and deep dynamic processes all affect the characteristics of
geomagnetic anomalies in various tectonic zones (Achache et al.,
1987; Taylor et al., 2008; Kang GF et al,, 2012). More research is
needed to determine the mechanisms that connect these anoma-
lies to seismicity. Combining compressional and thermal
magnetic effects, the negative magnetic anomalies observed in
the results reported here can be regarded as a comprehensive
indicator of the deep thermal-stress state beneath the Tibetan
Plateau, holding potential significance for seismic hazard zone
delineation.

5. Conclusions

(1) According to the intensity of the lithospheric magnetic field at
the epicenters of historical medium and strong earthquakes,
strong earthquakes occur primarily in regions with Z component
values ranging from —50 to 0 nT, and earthquakes with strengths
greater than M5 are more likely to occur in regions with negative
Z component values than in regions with positive Z component
values.
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(2) The lithospheric magnetic vectors obtained from more than
200 newly constructed repeat stations on the Tibetan Plateau
compensate greatly for the limitations of previous EMMs that
relied on airborne data.

(3) There are notable variations in the magnetoseismic coupling
mechanisms across various tectonic settings (e.g., orogenic belts,
subduction zones, and rift zones), demonstrating that the litho-
spheric magnetic field is a crucial indicator for revealing deep
thermodynamic conditions and identifying seismic hazard zones.
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