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Abstract

The Longmenshan-Longriba region is located on the eastern edge of the Ti-
betan Plateau, and is an ideal place to study the eastward extrusion and uplift
mechanism of the plateau. Previous studies on this area mainly focused on
tectonic activity and seismic hazard, with few studies giving its overall defor-
mation characteristics and dynamic mechanism. This paper uses the latest
dense GPS data, combined with precise Leveling data to analyze the kinemat-
ic characteristics and deformation mode of the Longmenshan fault zone
(LMSF) and the Longriba fault zone (LRBF). The results show that both the
Longmenshan fault zone and the Longriba fault zone have certain right-lateral
strike-slip and thrusting, indicating that they play an important role in ad-
justing strain distribution and absorbing tectonic deformation; The strain-
rate field on the Longriba fault zone is broadly distributed, suggesting that the
deformation field is at least partially coupled; while the strain-rate field on the
Longmenshan fault zone presents a non-uniform distribution, indicating dif-
ferent dynamic sources acting on segments. The high strain rate areas re-
vealed in this study points us to the high-risk area for future earthquakes. The
present-day vertical motion velocity field in the region obtained from Leve-
ling and GPS data shows a mismatch between the regional deformation field
and active tectonics, which can be explained by the incomplete coupling of
deformation between the lower and upper crust.
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1. Introduction

With the collision of the Indian and Eurasian plates since the Cenozoic, the Ti-
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betan Plateau continued to be extruded eastward, and the Longmenshan fold-
thrust belt with steepest topography gradient was formed on the eastern margin.
The lower crustal flow model has explained the high topographic gradient, low
shortening, and missing foreland deposits of the Longmen Shan [1]. This model
emphasizes non-tectonic uplift within blocks, without tectonic deformation on
boundary faults. The M8.0 Wenchuan earthquake in 2008 was a typical thrust
fault type earthquake, which raising the upper crustal brittle deformation to the
uplift mechanism and deformation pattern of the region. Through seismic ref-
lection profiles, the restored strata from the Longmen Shan to the Sichuan basin,
proves a matching relationship between the tectonic shortening and topography
of the eastern margin of the Tibetan Plateau, and thus leading to the upper crus-
tal brittle shortening model [2].

In 2013, the M7.0 Lushan earthquake occurred in the southern Longmen
Shan. The epicenter of this earthquake was located in the foreland of the south-
ern Longmen Shan where the Coulomb stress increased due to the Wenchuan
earthquake. It was a typical blind thrust earthquake [3]. The biggest feature of
the southern segment of Longmen Shan compared with the central and northern
segments is that the faults are scattered and extend to the interior of the Sichuan
basin. Many fault-related folds developed in the foreland and the internal basin,
such as the Mengdingshan anticline, the Xiongpo anticline, and the Longqua-
nshan anticline. The deformation pattern and strain distribution of the southern
Longmen Shan are far more complex than those of the central and northern
Longmen Shan [4].

The Longriba fault zone (LRBF) is a secondary block boundary inside the
Bayan Har block. Deep seismic reflection profiles across it revealed that the fault
staggered the Moho surface below the plateau [5]. Additionally, the fault is also a
geomorphological boundary, with a very flat plateau to the west, and the highly
undulating Longmen Shan to the east. The southwestern and northeastern seg-
ments of the fault might have also been active since the late Quaternary [6],
while field investigation shows that the late Pleistocene alluvial terraces have not
been faulted. Along the middle segment of the LRBF, linear tectonic and geo-
morphological features are well-developed, indicating that it has intensive activ-
ity since the late Quaternary. The LRBF is dominated by dextral strike-slip with
a southeastward thrust component, which has the capacity to generate earth-
quakes of magnitude >7. The slip rate of the LRBF decreased from ~7.5 mm/yr
in the late Pleistocene to ~2.1 mm/yr in the Holocene, which may be related to
the weakening of the eastward movement of the Tibetan Plateau [7]. Compared
with the Longmenshan fault zone, the LRBF plays an important role in the strain
distribution of the eastern margin of the plateau [7].

According to the latest GPS observation, a shortening rate of about 5 mm/yr
exists in the range of about 400 km between the Songpan-Ganzi area and the
Longmenshan fault zone [8]. This scattered deformation must be due to the ex-
istence of multiple faults [8]. In addition, there is a dextral strike-slip of about 1

mm/yr across the Longmenshan fault zone, while the dextral strike-slip can
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reach up to 8 mm/yr in the Songpan-Ganzi area, mainly distributed on both
sides of the LRBF, indicating that the Longriba fault zone may have a high dex-
tral slip and a wider strain zone.

From the locations and rupture scales of the Wenchuan earthquake and Lu-
shan earthquake, it can be inferred that the Longmenshan fault zone has so ma-
ture segmentation that different segments have different seismogenic structures,
which could generate large earthquakes alone. Although weak seismic activity in
the LRBF nowadays, high slip rate, segmentation and mature structures reminds
us the seismic risk cannot be ignored. Therefore, this paper attempts to use the
latest GPS data, combined with Leveling data to analyze the present deformation
pattern and kinematic characteristics of the region, explaining its future seismic
hazard and dynamic mechanism. Our work can provide new slip rates for the ki-
nematics of the LMSF-LRBF and a basis for seismic risk assessment. A three-di-
mensional kinematic field of the study area provides new constraints on the me-
chanisms deforming the eastern Tibet and to illuminate the spatial arrangement
of the processes involved. The kinematic field supports us to detect and distin-
guish the localized deformation by fault creep in the upper crust and mid-crust as

well as distributed deformation in the lower crust and upper mantle.

2. Regional Seismotectonic Setting

The Longmenshan fault zone (LMSF) is NE-trending along the eastern margin of
the Tibetan Plateau, with a total length of 580 km, forming the boundary between
the Bayan Har block and the Sichuan basin [9]. It is generally composed of three
major faults, the Wenchuan-Maoxian fault (WMF), the Beichuan-Yingxiu fault
(BYF) and the Jiangyou-Guanxian fault (JGF), which can be roughly divided in-
to three segments. The middle and northern segments are about 40 - 50 km
wide, and no foreland fold-belt developed; the southern segment is about 80 km
wide, consisting of six branch faults and a foreland fold-belt of ~90 km (Figure
1, [4]). The 2008 Wenchuan M8.0 earthquake ruptured simultaneously the BYF
and the JGF, forming a 240 km long surface rupture zone and a fault scarp up to
8.6m [10] [11].

Geology and geodesy show that the total vertical thrusting or shortening rate
across the LMSF is probably no more than 3 mm/yr, and the strike-slip and
thrust rate on single fault is probably no more than 1 mm/yr [12] [13] [14] [15].

The Longriba fault zone (LRBF) is located about 200 km northwest of the
LMSF, roughly parallel to LMSF, dividing the Bayan Har block into the Aba
sub-block and the Longmenshan sub-block. The Aba sub-block is characterized
by a series of NW-trending left-lateral strike-slip faults, accompanied by the
eastward movement of the Bayan Har block; while the Longmenshan sub-block
is characterized by strong tectonic shortening and orogeny, accompanied by
NE-SW-oriented large thrust faults and fault-related folds. The LRBF was first
described as a dextral shear zone by GPS measurements [16]. The LRBF is dom-
inated by dextral slip with a southeastward thrust component, and considered to
be a newly formed fault in the late Quaternary [6].
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Figure 1. Sketch map of seismo-tectonic background in the study area. Epicenters and focal me-

chanisms after 1970 from Global Centroid-Moment Tensor seismic catalog (see Data and Re-
sources). Black solid line represents active faults. Yellow dotted lines indicate fault segments. Blue
solid line represents rivers. LRBF = Longriba Fault zone; LMSF = Longmenshan Fault zone; EKLF =
Eastern Kunlun Fault; MSFB = Minshan faulted block; LQSA = Longquanshan Anticline; XSHF =
Xianshuihe Fault zone. JGF = Jiangyou-Guanxian fault; BYF = Beichuan-Yingxiu fault; WMF =
Wenchuan-Maoxian fault; SDF = Shuangshi-Dachuan fault; LF = Longriqu fault; MF = Maoergai
fault; The inset map shows the location of the the study area. TP = Tibetan Plateau; NC = North
China; SC = South China.

The LRBF consists of two branch faults, namely the Longriqu fault (LF) on the
northwest side and the Maoergai fault (MF) on the southeast side. These two
branch faults are nearly parallel and separated by about 20 - 30 km (Figure 1).
This type is somewhat similar to the surface ruptures of the Wenchuan earth-
quake [7]. The paleoearthquake history of the LF is recovered by excavating
trenches, combined with field surveys and chronological data. The latest four
rupture events on the LF occurred at 5080 + 90, 11,100 + 380, 13,000 + 260, and
17,830 * 530 cal yr B.P., respectively, and the last event probably ruptured both
the LF and MF [7]. Through remote sensing interpretation combined with field
investigations, the southeastern branch of the southern LRBF is found to have
late Quaternary activities, and is dominated by dextral slip with thrust compo-
nent. The activity intensity of the southern segment of the LRBF is weaker than
that of the middle segment [17].
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3. Methods and Results
3.1. GPS Velocity Field

The principal data used for this study come from multiple sources and was pub-
lished by Wang [8], in which the procedures of data collection and processing
are described in detail. We select 256 GPS regional stations with a large number
of observation periods in the South China block, and calculate the Euler pole
parameters of the South China block under the Eurasian framework. After de-
duction, the GPS velocity field relative to the South China block was obtained
(Figure 2(a)).

A method for interpolation of sparse two-dimensional vector data, based on
the Green’s functions of an elastic body subjected to in-plane forces, is used to
detect the movement of the crustal blocks [18]. Although GPS sites in the region
are sparse (Figure 2(a)), the typical spacing of GPS points ranging from 50 to
150 km, the method is also useful to measure strain localization as well as strain
accumulation. We have adopted a new module “gpsgridder” built into the Ge-
neric Mapping Tools (GMT) [19] to achieve a interpolated 2-D velocity field de-
rived from original geodetic measurements (Figure 2(b)). The grid spacing is set
to 20 x 20 arc minute for reliability and reasonableness.

The interpolated 2-D velocity field shows a clear motion trend map with high
consistency to the original GPS motion vectors (Figure 2(b)). The interior of the
Bayan Har block moves coherently in the NEE direction. The direction and mag-
nitude of the motion vector change significantly on both sides of the LRBF. The
magnitude of the motion vector on both sides of the LMSF does not change sig-

nificantly, while manifested as a change in direction. The Sichuan-Yunnan block

moves SE at a faster rate, accompanied by clockwise rotation of the vectors.
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Figure 2. (a) GPS velocity field relative to the South China block, the GPS data are from Wang [8], and the black rectangles de-
notes GPS profiles in Figure 3. Black solid line represents active faults. (b) Interpolated GPS velocity field relative to the South
China block produced by the method of Sandwell [18], the GPS data are from Wang [8]. Black solid line represents active faults.
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Three velocity profiles were extracted perpendicular to the LMSF and LRBF,
and the velocity vectors were projected in the direction of normal and parallel to
faults, respectively (Figure 2(a), Figure 3). The velocity profiles across the
northern segment of the LMSF-LRBF shows both right-lateral strike-slip and
thrust component on the northern segment of the LMSF close to ~1.3 mm/yr
(Figure 3(a) and Figure 3(b)), which is consistent with the geological rates and
lower seismicity with respect to the central and southern segment [20] [21];
while the dextral strike-slip and thrust component of the northern segment of
the LRBF are 1.2 mm/yr and ~4.5 mm/yr, respectively, indicating that the LRBF
as the northeastern border of the Bayan Har block functioned to accumulating

crustal strain, and absorbing and adjusting tectonic deformation.
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Figure 3. GPS profiles. The abscissa represents the distance, and the ordinate represents
the velocity, applicable to each panel. (a) and (b) represent the velocity components
(mm/yr) of the normal and parallel to faults, respectively, corresponding to the A-A'
in Figure 2; (c) and (d) represent the velocity components (mm/yr) of the normal and
parallel to faults, respectively, corresponding to the BB' in Figure 2; (e) and (f)
represent the velocity components (mm/yr) of the normal and parallel to faults, re-
spectively, corresponding to the C-C' in Figure 2; LRBF: Longriba fault zone; LMSF:
Longmenshan fault zone; Red rectangles represent fault locations. Green rectangles
represent acceptable ranges of the velocities. We estimate the slip rates of faults by
calculating the differences in the average site velocities on both sides of the faults.
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According to Figure 3(c) and Figure 3(d), the velocity profiles across the
middle segment of the LMSF-LRBF gives that although the middle segment of
the LMSF has a ~1.9 mm/yr right-lateral slip with ~1.3 mm/yr thrust compo-
nent, they do not exceed ~3 mm/yr, which is consistent with previous GPS and
geological researches [12] [14] [15] [22]; The thrust component across the mid-
dle segment of the LRBF equals to ~1 mm/yr, while the dextral slip can reach 4 -
5 mm/yr, indicating that the middle segment of the LRBF is mainly dominated
by shear deformation. The high dextral slip rate is conducive to the uniform dis-
tribution of stress and strain on the entire fault zone, and weakens the locking
effect caused by the continuous extrusion of the block [23].

The dextral slip and thrust component across the southern segment of the
LMSF have similar characteristics to that of the middle segment, and ranging in
~1 - 2 mm/yr, which is consistent with geological researches in southern Long-
men Shan (Figure 3(e) and Figure 3(f), [4] [24]); Thrust and dextral slip in the
southern segment of the LRBF also have similar characteristics to that of its
middle segment, what different is that the slip rate is lesser, which is <1 mm/yr
and approximates 3 mm/yr, respectively. Our GPS results reveal that the activity
on the southwestern LRBF is mainly manifested by strike-slip movement and
weak thrusting, which is in accordance with He [17]. There are few studies on
the southern segment of the LRBF, and it is generally believed that its activity is
weak or inactive. The above researches prove that the southern segment of the
LRBF, together with its middle segment as a whole and continuous tectonic
zone, may play an equally important role in the process of absorbing and distri-
buting the stress and strain on the block boundary. The future seismic risk of the

region should be revisited.

3.2. Strain Rate Field

A distance-weighted, least squares approach, developed by Shen [25], provides
an improved approach to get strain rate map without using a priori information
about fault locations and orientations. We calculate the strain rate field in the
Longmenshan-Longriba region with a grid of 0.1° x 0.1° (Figure 4).

Strain rate map depicted that the area with the highest strain is the Xianshuihe
fault zone and its vicinity, consistent with its high sinistral slip rate and frequent
seismicity (Figure 1, Figure 4, [26] [27]); The second area is the Longriba fault
zone and the Minshan faulted block, extending towards NE to the easternmost
edge of the Eastern Kunlun fault. The strain zone exhibits a relatively continuous
and uniform distribution along the northeast-southwest trend, and strongly re-
lated to the strike and range of the LRBF. The strain field in the southern seg-
ment of the LRBF may have been affected by slip and locking of the Xianshuihe
fault at the boundary of the Sichuan-Yunnan block (Figure 4). The strain rate in
the Sichuan basin is the weakest, which is due to the stable craton basement and
complete crustal structure. Only in the foreland of the southern Longmen Shan,

local strain grows at the Longquanshan anticline. The Longquanshan fault zone

DOI: 10.4236/ijg.2023.147033

625 International Journal of Geosciences


https://doi.org/10.4236/ijg.2023.147033

X.D. Lietal.

—

34°N Vest Qinlife]
A

32°N

(9)

@S chuan oasil

100°E 102°E 104°E 106°E
Figure 4. Strain rate map in the Longmenshan-Longriba region from GPS data. (unit: 1
nano/a = 1 x 10™/a). The solid white line is the contour. The black rectangles denote
strain rate profiles in Figure 5. Other content is the same as Figure 1.

has high tectonic activity since the late Quaternary. Some moderate earthquakes
have occurred near the Longquanshan anticline in recent years (Figure 1, Figure
4, [24] [28] [29]).

Unlike the LRBF, the LMSF does not show an distributed strain field along the
fault, but it is noteworthy that two high-strain zones lies in the middle segment
of the LMSF and the foreland of the southern LMSF, corresponding to the epi-
centers of the 2008 Wenchuan earthquake and the 2013 Lushan earthquake
(Figure 4). After these two major earthquakes, the strain in these two areas per-
haps has weakened, but it does not affect our findings that why the two large
earthquakes happened in these two areas! Based on our strain field, combined
with the regional active tectonics, it can be inferred that these two areas will still
be locations of accumulation of strain and high-risk areas for major earthquakes
in the future.

Low-temperature thermochronology on the southern segment of the LMSF
pointed out that there are obvious differences in tectonic activity between the
southern and middle segments of the LMSF. The activities of the middle seg-
ment are concentrated in the BYF and the JGF. The activities of the southern
segment are scattered on the wider Shuangshi-Dachuan fault as well as the faults
and folds of its footwall [30]. The tectonic deformation by million-year-scale

low-temperature thermochronology is consistent with tectonic activity revealed
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by the GPS-derived strain field (Figure 4).

In order to understand the variation of the strain rate on both sides of the
fault and their relationship, three strain rate profiles were extracted, and the po-
sitions of them were the same as those of the velocity field profiles (Figure 4(a),
Figure 5).

The D-D' profile in Figure 5 shows that the strain rate across the northern
segment of the LMSF has an obvious increase, reaching 20 nano/yr, while the
growth trend of the strain rate across the northern segment of the LRBF is weak,
which may be due to the influence of the activity and shielding of the Minshan
faulted block, resulting in high strain area mainly concentrated in the interior of
the Minshan faulted block; From E-E' profile, we note that the strain rates of the
middle segments of the LMSF and the LRBF have similar characteristics of rapid
increase, and the maximum magnitude of strain rate is basically the same ~20
nano/yr. The only difference is that the strain distribution on both sides of the
LRBF is wide ~150 km, while the other is within a narrow range ~50 km. The
cause of the Wenchuan earthquake could be the rapid rise in local strain; F-F'
profile, across the southern segment of the LMSF-LRBEF, tells that the strain rate
does not change significantly as observed in E-E' profile, but its magnitude is ~2
- 3 times that of the middle segment, and generally shows the tendency of in-
creasing from SE to NW, which might be affected by the strike-slip movement of

the Xianshuihe fault zone.
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Figure 5. Strain rate profiles. The position of the profile can be found in Figure 4. The
red rectangles represent the approximate range of the faults. LRBF = Longriba Fault zone;
LMSF = Longmenshan Fault zone.
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3.3. Vertical Velocity Field

In order to obtain the long-term interseismic deformation, we used two different
sets of data to present the vertical velocity field in the Longmenshan-Longriba
region (Figure 6(a). One is from high-precision Leveling data measured be-
tween 1970 and 2012, which is processed and published by Hao [31]. The other
one comes from a high-resolution GPS-derived 3-D velocity field for the
present-day crustal movement of the Tibetan Plateau [32]. We compiled these
two sets of data together and then put the coordinate system into the framework
of ITRF2008.

The reverse dip-slip rates along the Longmen Shan and Longriba fault systems
are 4.2 = 0.5 and 2.8 + 0.3 mm/a respectively with the locking depth of 22 km
[31]. However, the Leveling profile displays that the vertical deformation on
both sides of the LMSF and LRBF was not completely controlled by the faults
(Figure 6(a), therefore we infer distributed deformation on both sides of the
faults and decoupling between surface deformation and deep driving.

To better describe the regional deformation and illustrate the mismatching be-
tween regional deformation and faults, we use the “nearneighbor” module built
into GMT (The Generic Mapping Tools) to interpolate the Leveling and GPS data
to obtain the current regional crustal vertical motion velocity field map (Figure
6(b). Nearneighbor reads arbitrarily located (x, y, z) triples [quadruplets] and uses
a nearest neighbor algorithm to assign a weighted average value to each node that
has one or more data points within a search radius centered on the node with
adequate coverage across a subset of the chosen sectors. The node value is com-
puted as a weighted mean of the nearest point from each sector inside the search

radius (https://www.pygmt.org/latest/api/generated/pygmt.nearneighbor.html).

Considering the distance between Leveling benchmarks and GPS stations, we set
the search radius as 150 km to ensure that each GPS station can search for valid
calculation points within this radius.

The interpolated vertical velocity map further confirms our conjecture that
there is a strong mismatch between regional deformation and major active
faults. Taking into account the inhomogeneity of the Leveling and GPS sites, we
cannot guarantee the local accuracy or the deviation due to the interpolation
method. However, on the whole, we seem to be able to observe some new phe-
nomena. For example, the Minshan faulted block does not show a significant de-
cline relative to both sides. On the contrary, the Bikou block shows a significant
decline relative to its surrounding blocks, especially when it is bounded by the
West Qinling on the north side, the Minshan faulted block and the Sichuan ba-
sin on the south side (Figure 6(b). In addition, vertical differential motion of the
southern segments of the LMSF-LRBF is closer to the more active foreland
(Figure 6(b), in line with or corroborate with some existing understandings [4]
(24] [30]).

Wang [23] used nine years of three-dimensional deformation data collected in
the aftermath of the 2008 Mw7.9 Wenchuan earthquake to propose that the
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Figure 6. (a) Vertical velocity field relative to ITRF2008 in the study area. Velocities are represented by color-coded circles (Leve-
ling benchmarks) and squares (GPS stations). (b) Interpolated vertical velocity field in the study area. Solid white lines represent
contours. Other content is the same as Figure 1.

rheological structure of the eastern Tibet lithosphere is consistent with a “jelly
sandwich” model, in which a relatively weak lower crust underlain by a stronger
upper mantle could explain broadly distributed ductile deformation, interseis-
mic coupling between the lower and upper crust and the continuum deforma-
tion partly transmitted up to the surface (Figure 2, Figure 4, Figure 6). This
model is equally applicable to explaining the deformation characteristics re-

vealed by the present-day vertical motion field in the region that we observe.

4. Discussion

Taking advantage of the latest GPS data for detecting the deformation in the
Longmenshan-Longriba region, the velocity profiles crossing the Longmenshan-
Longriba fault zone show that both the LMSF and LRBF have the property of
right-lateral strike-slip and thrust movement, although the magnitude of the slip
rate varies between segments (Figure 3), it is acceptable that the Longmenshan-
Longriba fault zone, as block boundary faults, is still the main body for absorb-
ing and adjusting the crustal strain and tectonic deformation. We also noticed
that the focal mechanism solutions of the LRBF and the XSHF are dominated by
strike-slip, while the LMSF is dominated by thrust. This is consistent with the
kinematic mechanism obtained from the GPS velocity field and geological re-
sults (Figure 2, Figure 3, [7] [27]), reflecting the LRBF and LMSF play different
roles in regulating crustal movement and upper crustal deformation. The Long-
men Shan sub-block is under the combined action of eastward extrusion from
the Tibetan Plateau and northwestward push of the Sichuan Basin, resulting in
dextral slip along the LRBF and thrust slip with dextral component along the
Longmen Shan [7].
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The strain rate field (Figure 4) based on GPS data in the Longmenshan-
Longriba region is calculated to reveal the potential area of high strain rate and
high seismic risk. In addition to the elastic strain build-up around LRBF, the
strain-rate field is also found to be broadly distributed, suggesting that the defor-
mation field is at least partially coupled with and dictated by a mechanically wea-
kened lower crust [23]. Different from the LRBF, The strain distribution on the
LMSEF is non-uniform. The strain variation on the LMSF may be controlled by
several different dynamic sources, namely: the northern segment plays a role in
transferring material to the northeast through the dextral dislocation, causing a
lowest strain rate; controlled by the south-eastward pushing of the Bayan Har
block, the central segment received the greatest cumulative strain [33], concen-
trated on the BYF; while the southern segment is controlled by the south-eastward
pushing of the Bayan Har block and the eastward pushing of the Sichuan-Yunnan
block [24], making the tectonic activity of the southern Longmen Shan move
forward.

The strain rate profiles also show different variation characteristics, which
may also imply that different segments have different dynamic sources. The
magnitude of the strain rate generally shows the phenomenon of increased strain
near the fault. The southwestern segment of the LMSF-LRBF near the Xian-
shuihe fault zone affected by tectonic superposition, has the highest values, while
the middle and northeastern segments are comparable. Although this model still
needs further geophysical evidence and geodynamic modeling.

What makes us interested is that several large earthquakes in this region since
1970 just correspond to the high-strain areas (Figure 1, Figure 4), for example,
the 2008 Mw7.9 Wenchuan earthquake, the 2013 Mw6.6 Lushan earthquake, the
2022 Mw6.7 Luding earthquake. In addition, the earthquake activity surround-
ing the Longmenshan-Longriba region appears to have been ongoing. For ex-
ample, the 2022 Mw5.8 Lushan earthquake nearly occurred at the same location
as the 2013 Mwé6.6 Lushan earthquake (Figure 1, Figure 4). Whether this earth-
quake is an aftershock or a separate earthquake is debatable. The Dayi seismic
void located between the 2008 Wenchuan earthquake zone and the 2013 Lushan
earthquake zone is a 40 - 60 km long area without earthquakes. The latest bore-
hole in-situ stress measurements confirmed that the vicinity of the Shua-
ngshi-Dachuan fault zone (Dachuan Town) in the Dayi earthquake void is in a
state of high in-situ stress, which has the necessary conditions for frictional slid-
ing, and has the potential danger of moderate and strong earthquakes [34] [35].
On June 10, 2022, an earthquake of magnitude Mw5.9 occurred in Malcon City,
Sichuan Province (32.25 degrees; 101.82 degrees), with a focal depth of 13 km
and an altitude of 3590 m. This earthquake is a typical earthquake cluster event,
although its seismogenic structure is still unclear, but it is of great significance
for us to understand the tectonic activity and earthquake risk in this area
(Figure 1, Figure 4). The 2020 Ms4.8 Longquanshan earthquake further con-
firms the tectonic activity of the Longmen Shan foreland. These evidence shows

that the strain rate field can provide us a strong scientific basis for tectonic de-
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formation monitoring and earthquake risk zone prediction. At the same time,
these high-strain areas may still be high-risk areas for earthquakes in the future.
Precise Leveling data combined with GPS data provided us with first-hand
information on the present-day vertical crustal motion characteristics in the
Longmenshan-Longriba region (Figure 6). A mismatch exists between vertical
deformation and faults in this region revealed by the Leveling profiles (Figure
6(a). Through valid spatial interpolation, we obtained the regional vertical de-
formation field (Figure 6(b)), exhibiting a decoupling between the regional de-
formation and active faults, which can only be attributed to the incomplete
coupling of deformation between the lower and upper crust. Therefore, we pre-
fer that the eastward extrusion of Tibet is absorbed in the Songpan-Ganzi crust,
accommodated through faulting of conjugate strike-slip faults in the upper crust
and distributed shear in the lower crust [23]. The weaker lower crust deforms
passively in response to E-W compression and absorbs horizontal shortening

with broadly distributed ductile shear and vertical thickening of the crust [23].

5. Conclusions

Utilizing the dense GPS data and precise Leveling data to analyze the kinematic
characteristics and deformation mode of the Longmenshan-Longriba region, we
conclude the followings:

1) The LMSF and LRBF, accompanying with dextral strike-slip and thrust
movement, are still the main boundary faults for absorbing and adjusting the
crustal strain and tectonic deformation.

2) The strain rate field provides us with an accurate image of high strain areas
and high seismic risk, providing us with a scientific basis for understanding tec-
tonic activity and earthquake prediction.

3) Regional vertical velocity field shows a mismatch between deformation and

active faults, indicating a decoupling between the lower and upper crust.
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