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ABSTRACT: The Xuhuai fold thrust belt (XHTB) is a curved structure in the southeastern margin of
the North China Craton (NCC) that has attracted great attentions due to its tectonic and petrological
characteristics. However, few geophysical studies have focused on the deep structure of this belt. In this
study, we carry out a systematic demonstration of the main geophysical features that characterize the
XHTB and surrounding areas. The results reveal small negative gravity and magnetic anomalies, thin
crust and lithosphere, lower shear velocity and shallower earthquake epicenters relative to other areas
of the NCC, collectively indicating a lithospheric-scale rheological anomaly at this belt. The magnetic
alignments show a trend similar to that of geological units in southeastern NCC and adjacent areas, al-
though they differ from the SKS-splitting fast polarization directions, except in the Qinling-Dabie oro-
gen where a vertical coherent deformation of the crust and mantle may be involved there. Based on the
geophysical data, we propose a detachment-controlled model, which was caused by the different detach-
ment depth/strength, for the formation of XHTB to explain its arcuate shape as well as the magnetic
alignments, thus providing new insight into the deep processes of southeastern NCC.

KEY WORDS: gravity and magnetic anomalies, shear wave velocity, seismicity, seismic anisotropy,

magnetic alighments, arcuate structure.

0 INTRODUCTION

Global fold-thrust belts commonly show map-view curva-
tures that are commonly referred to salients, recesses, arcs, oro-
clines, or syntaxes (Livani et al., 2018; Li et al., 2017; Marshak,
2004; Weil and Sussman, 2004). This characteristic shape can
be formed due to different factors, for example, the detachment
depth or strength and the detachment slope (Marshak, 2004,
1988). Different models have been proposed to explain the arc-
shaped fold belts (Schellart et al., 2007; Marshak, 2004; Mace-
do and Marshak, 1999), namely: (a) basin-controlled salient;
(b) interaction with foreland obstacles; (c) indenter-controlled
salient; (d) detachment-controlled salient; (e) interaction with
strike-slip faults; (f) salient generated by intersection curves;
(g) margin-controlled salient; (h) slab-controlled salient; (i)
trench retreat salient (Fig. 1). To understand the origin of the
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curved geometry, it is vital to unravel the deep structure of the
fold thrust belts.

The Xuhuai fold-thrust belt (hereafter XHTB) or Xuhuai
orocline is located in the southeastern margin of the North Chi-
na Craton (NCC) and to the west of the Sulu Orogen (SLO),
adjacent to the Tanlu fault (TLF). Structurally, it appears as a
convex fold thrust belt (Fig. 2), but there is no significant dif-
ference in elevation from nearby regions. Like other curved
belts that reflect certain geological evolution, the XHTB is con-
sidered one of the key regions to study the continental collision
between the NCC and the Yangtze block that started in the Tri-
assic (Shu et al., 2017; Zhang and Dong, 2008). This collision
resulted in the Qinling-Dabie-Sulu orogenic belt and HP/UHP
metamorphic rocks (Zheng, 2008). The curved XHTB, togeth-
er with the large active strike-slip fault of Tanlu, the metamor-
phic HP/UHP orogenic belt (Qinling-Dabie-Sulu Orogen) and
the conjunction between the Yangtze Block and the North Chi-
na Craton, make this area complex and a key region for under-
standing the continental collision.

Various explanations have been given for the formation of
the XHTB: the earliest studies advanced that this belt is a
nappe structure due to the over-thrusting of the Yangtze Block
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Figure 1. Nine classic models that explain the characteristic arcs in fold belts: (a) basin-controlled salient; (b) interaction with foreland obstacles; (c) indenter-

controlled salient; (d) detachment-controlled salient; (e) interaction with strike-slip fault; (f) salient generated by intersection curves; (g) margin-controlled sa-
lient; (h) slab-controlled salient; (i) trench retreat salient (modified after Schellart et al., 2007; Marshak, 2004; and Macedo and Marshak, 1999).

on the NCC (Wang et al., 1998; Xu et al., 1987). Based on
structural observations, Li (1994) considered that the belt is a
detachment structure due to gravity extension, while Zhang
and Dong (2008) proposed that it is the result of lateral extru-
sion of SLO due to the collision. Sun et al. (2010) and Ling et
al. (2013), based on geochemical evidence, suggested that the
belt may have originated from the ridge subduction along the
NCC during the Mesozoic. Zhao et al. (2016) argued that the
XHTB is the result of the under-thrusting of the Yangtze Block
during the Middle Triassic, and Zhu et al. (2009) proposed that
the XHTB is the original northwest corner of the SLO. Another
study has proposed that the XHTB was generated by intraconti-
nental underthrusting in the SE margin of the NCC during the
Middle Mesozoic, in the framework of the so-called “thin-skin
tectonics” (Shu et al., 2017). However, all these models are
based on surface structures and/or geochemical studies, but are
not constrained by geophysical data.

The geophysical data can shed light on the deep structure
and 3D geometry of the Xuhuai fold-thrust belt, which is cru-
cial to complement the observations made on the surface. In
this sense, some projects have been conducted in the nearby re-
gions. For example, the SinoProbe program and the National
Key R&D Program have provided a large amount of seismic
data and valuable results (Chen et al., 2019; Li et al., 2018;
Zhang et al., 2015; Xu et al., 2014; Dong et al., 2013; Jiang et
al., 2013; Li et al., 2013). However, purely seismic data alone
do not provide sufficient information about the physical state
of the lithosphere, since the P- and S-wave velocities are con-
trolled by many factors, such as density, temperature and vola-
tile content of the crust and upper mantle (Mooney and Kaban,

2010). In this study, we present a comprehensive geophysical
dataset related to the XHTB and adjacent areas, including grav-
ity and magnetic anomalies, seismic velocity, Moho depth, seis-
micity and anisotropy. Based on these data, we propose a
detachment-controlled model to explain the formation of the ar-
cuate XHTB.

1 GEOLOGICAL SETTING

The collision between the Yangtze Block and the NCC in
the Triassic led to the formation of one of the world’s largest
belts of metamorphic UHP rocks, called the Qinling-Dabie-
Sulu Orogen (Meng and Zhang, 1999). The XHTB, located
southeast of the NCC (Fig. 2), is known for large-scale coal de-
posits found among the Late Paleozoic strata near the western
edge of the belt (Shu et al., 2017). According to the geological
study carried out by Shu et al. (2017), three structural units can
be distinguished in the XHTB: (1) The pre-Neoproterozoic crys-
talline basement in the eastern segment. (2) The nappe unit or
thrust-and-fold zone in the central segment, which is composed
of carbonate rocks from the Neoproterozoic to the Ordovician
and coal-bearing rocks of the Carboniferous—Permian approxi-
mately 2 600 m thick. (3) The western frontal zone. Field ob-
servations and drill-hole data have demonstrated that the thrust-
ing and folding of the XHTB took place after the deposition of
the Early Permian coal-bearing rocks and prior to the deposi-
tion of the Early Cretaceous volcano-clastic beds, thus suggest-
ing an Early Mesozoic age (i.e., Triassic to Jurassic) for the de-
formation (Shu et al., 2017). Jurassic and Cretaceous intrusive
rocks associated to periods of 190—188, 160—150, and 135-110
Ma are exposed in the XHTB (Yang et al., 2008; Zhang and
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Figure 2. (a) Topography and main geological units in the southeastern North China Craton (NCC). The inset in the top left corner shows the study region in

Chinese mainland contoured by a rectangle (modified after GS(2016)1552). The topography comes from the Etopol model which can be accessed through the

link (https://www.ngdc.noaa. gov/mgg/global/global. html). Intrusive rocks in the Xuhuai fold belt are marked by small white circles. Tectonic units are taken
from Zhang and Dong (2008) and Dong et al. (2011). (b) Bouguer gravity anomaly based on the Earth Gravitational Model 2008 (EGM 2008). The black
straight line indicates the location of the profile that we will refer later. XHTB. Xuhuai fold-thrust belt; TLF. Tanlu fault; HXF. Huaiyin-Xiangshui fault; JNF.

Jiangnan fault; JSF. Jiangshan-Shaoxing fault; FPF. Fengpei fault; LLF. Luonan-Luanchuan fault; XGF. Xiangfan-Guangji fault.

Dong, 2008; Xu et al., 2006), and they did not experience the
orocline deformation (Xu et al., 2006).

The TLF (Fig. 2b) has undergone multi-stage structural
deformations since the Mesozoic, thus showing distinct proper-
ties during different periods, such as left-lateral strike slip in
the Early Cretaceous, extensional deformation during the Late
Cretaceous and Paleogene, and compression and right-lateral
strike slip since the Neogene (Zhu et al., 2004). Other studies
suggested a recent right-lateral strike-slip with a minor normal
component (Yin, 2010; Zhang et al., 1999). An indentation
model was also proposed to explain the evolution of the TLF
(Yin and Nie, 1993). The crustal-scale north-to-south segmen-
tation of this major fault has been demonstrated from an inte-
grated geophysical data set (Deng et al., 2013; Zhang and
Dong, 2008).

2 GEOPHYSICAL DATA
2.1 Bouguer Gravity Anomaly

Bouguer gravity anomaly reflects the effect of gravity of
all masses below the surface that differ from the Earth’s refer-
ence density (Meurers, 2017). In general, Bouguer gravity adds
up all the changes or anomalies in density due to the non-
homogeneous structure of the lithosphere as consequence of
shallow material deposits, different geological formations and
the undulation or dipping of the layers (Zeng, 2005). We have
compiled the Bouguer gravity map for the study region (Fig.
2b) from the Earth Gravitational Model 2008 (EGM 2008) re-

ported by Pavlis et al. (2012). This model, based on the
GRACE terrestrial gravity anomaly, includes spherical harmon-
ic coefficients up to the order 2159. The standard deviation of
the field data is less than 5 mGal.

The negative gravity anomaly is mainly distributed west
of the TLF, including the low negative anomaly in the XHTB,
while the positive gravity anomaly spans the entire area east of
the TLF (Fig. 2b). In addition, this positive gravity anomaly
shows some linear trends, which correlates well with the fault
zones. For example, the area near and around the TLF is char-
acterized by approximately +10 mGal. The gravity anomaly as-
sociated to the Huaiyin-Xiangshui fault reaches +20 mGal. The
positive gravity anomaly can originate from magmatic intru-
sion, as inferred by shear-wave velocity inversion (Bem et al.,
2020). Alternatively, the elevation of the Moho discontinuity
may be another reasonable explanation, as this feature has been
observed in several dense seismic profiles (Liu et al., 2015;
Deng et al., 2013; Chen et al., 2006). We will distinguish them
in the later section.

2.2 Magnetic Anomalies

Magnetic anomaly is a local variation of the Earth’s mag-
netic field resulting from changes in the magnetism of the
rocks that include iron ore with magnetite minerals and mafic
igneous or metamorphic rocks with ferromagnesian minerals
(Guan, 2005). Magnetic anomalies represent structural and/or
compositional differences at depths where the temperature is
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below the Curie point. Essentially, the magnetic anomalies are
a response to the characteristics of the crust. We have compiled
the magnetic anomaly map for the study area (Fig. 3a) from air-
borne measurements in the southeast of the NCC conducted by
the China Aerospace Geophysical Survey and Remote Sensing
Centre for Lands and Resources (Xiong et al., 2016).

The distribution of the magnetic anomaly in the Xuhuai
region, with a resolution of 2 km, also shows some linear
trends. The conjunction zone between the NCC, the Qinling-
Dabie Orogen and the Yangtze Block shows a clear negative
anomaly, while the TLF exhibits a linear positive anomaly
along its strike. In change, the magnetic anomaly in the XHTB
is rather variable: it is negative towards the center of the belt,
but mostly positive to the north and the south.

The total magnetic anomaly is affected by the inclination
of the Earth’s magnetic axis. The reduction-to-pole (RTP)
transformation (Luis and Miranda, 2008) of total field magnet-
ic anomalies is used to eliminate the asymmetry effect caused
by such inclination. The RTP operation causes the anomalies to
overlap the sources, and allows magnetic anomalies to be corre-
lated with other types of geophysical anomalies (e.g., gravity)
or with geological information, which is an aid to interpreta-
tion (Ravat, 2007). The magnetic anomaly map after RTP (Fig.
3b) shows clearer features, compared to the total magnetic
anomaly (Fig. 3a). For example, the TLF exhibits a remarkable
linear positive anomaly. Ore deposits located in the Yangtze
metallogenic belt also appear to be associated with high posi-
tive anomalies. We should note that there is a notable linear
positive anomaly along 116°E, which may indicate a signifi-
cant boundary.
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2.3 Seismic Velocity Sections

Based on direct surface wave tomography (DSurfTomo)
(Fang et al., 2015), Bem et al. (2020) performed 3D crustal
shear-wave velocity tomography using 29 temporary broad-
band seismic stations and 61 permanent seismic stations de-
ployed in southeastern NCC that includes the XHTB. The hori-
zontal resolution is ~50 km and the vertical resolution is ~10
km, as they demonstrated in their paper. Taking advantage of
the results of the tomography, in Fig. 4 we show horizontal S-
wave velocity slices at depths of 5, 15, 20, and 30 km. In addi-
tion, we show two other cuts at mantle depths of 70 and 90 km,
obtained by joint inversion of receiver functions and surface
wave dispersion (Li et al., 2018). A relatively low velocity zone
extends beneath the Subei Basin and, to a lesser extent, below
the Hefei Basin, in correspondence with the sedimentary struc-
ture of both basins (Fig. 4a). In contrast, the Qinling-Dabie Oro-
gen, XHTB and the Sulu Orogen exhibit high velocity. Low ve-
locity characterizes the Subei Basin at a depth of 15 km (Fig.
4b), indicating that the sedimentary layer affect this depth in
this area. Relatively high shear velocity still characterizes the
XHTB in the upper crust (15 km), but is absent in the middle
crust (20 km), where low velocities are the general feature at
this depth (Fig. 4c). The S-velocity pattern at 30 km reveals the
Moho depth (Fig. 4d). The high velocity between the Tanlu
fault and the Huaiyin-Xiangshui fault reveals a comparatively
shallow Moho, while the low velocity in the Qinling-Dabie
Orogen and the XHTB reveals a thick crust, which is consistent
with the results provided by two-steps surface wave tomogra-
phy (Meng et al., 2019). At mantle depth, TLF exhibits low ve-
locities (Figs. 4e, 4f).
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Figure 3. (a) Magnetic anomaly map compiled from airborne measurements in southeastern NCC conducted by the China Aerospace Geophysical Survey and

Remote Sensing Centre for Lands and Resources. (b) Magnetic anomaly after reduction-to-pole (RTP). Regions containing ore deposits are indicated by black

dots. Geological units and faults are the same as in Fig. 2.
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Figure 4. S-wave velocity sections at depths of (a) 5, (b) 15, (c) 20, (d) 30, (e) 70, and (f) 90 km in southeastern NCC. Crustal velocity data are taken from
Bem et al. (2020) and mantle velocity data from Li et al. (2018). The dashed lines in (a) indicate the location of four profiles 4-4’, B-B’, C-C” and D-D’ to
which we will refer later. QDO. Qinling-Dabie Orogen; HB. Hefei Basin; SLO. Sulu Orogen; SB. Subei Basin. The rest of acronyms are the same as in Fig. 2.
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2.4 Moho Depth and Lithosphere-Asthenosphere Bound-
ary

Receiver functions are a good tool to estimate the depth of
seismic interfaces, while surface wave dispersion is sensitive
to vertical shear-velocity averages. Since these two types of da-
ta are complimentary, joint inversion of receiver functions and
surface wave dispersion has been widely used to determine the
Moho depth. Classical joint inversion usually set the V,/V, ratio
as a constant, which influences the accuracy of the result. Tak-
ing into account this fact, Li et al. (2018) first obtained the
V/V, ratio at each station using the H-k stacking algorithm
(Zhu and Kanamori, 2000), and then determined the Moho
depth from the joint inversion of receiver functions and surface
wave dispersion data recorded at 191 stations deployed in East-
Central China. Figure 5a shows the Moho depth beneath differ-
ent stations deployed in the study area. The region with the
thinnest crust is east of the TLF, which agrees with the high S-
wave velocity at 30 km depth independently detected in this re-
gion (Fig. 4d), and also compatible with recent studies (Hong
et al., 2021; Li et al., 2021). A thicker crust appears west of the
TLF and especially east of the Qinling-Dabie Orogen. Unfortu-
nately, the stations installed in the XHTB are not enough to
give an overall estimate of the Moho depth.

Chen (2010) obtained the thickness of the lithosphere in
most of the areas of the NCC, but without sufficient coverage
in the XHTB. Based on the joint constraint of topography, grav-
ity, seismic velocity and temperature, Deng and Levandowski
(2018) obtained the lithospheric thickness under the condition
of flexural isostasy beneath East China. Figure 5b shows the to-
pography of the bottom of the lithosphere in the study region,
that is, the lithosphere-asthenosphere boundary (LAB). The
Qinling-Dabie Orogen exhibits a thick lithosphere, unlike the
XHTB that shows a thin lithosphere. It should be noted that
this flexural lithospheric thickness is different from the thick-
ness determined only from seismic data; a detailed comparison
can be seen in Deng and Levandowski (2018).
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2.5 Earthquake Distribution

The spatial distribution of earthquakes indicates the stress
state of a certain region. In particular, the focal depth reflects
the brittle-ductile transition of the rocks. In Fig. 6 we show the
earthquake distribution map in southeastern NCC during the
period 2008—2019, which was archived from the China Earth-
quake Networks Center database. The colors make it possible
to distinguish different focal depths. Lacking new epicentral re-
locations, the managed catalog is sufficient to show different
clusters of earthquakes related to some geological units. Strong
seismicity is observed in the northern segment of the TLF,
where the big M8.5 Tancheng earthquake occurred in July 25,
1668. However, there is a significantly lower number of earth-
quakes in the XHTB compared to the nearby regions (Fig. 6).
Almost all earthquakes occurred west of the TLF have focal
depths equal to or less than 10 km. In contrast, many of the
earthquakes with epicenter in the region between the Huaiyin-
Xiangshui fault and the Jiangnan fault have a focal depth of ap-
proximately 20 km and even greater.

3 GEOLOGICAL CONTACTS CONSTRAINED BY
NEW GRAVITY AND MAGNETIC MAPS

As a major strike-slip fault in eastern China, TLF exhibits
a positive gravity anomaly (Fig. 2b) along with a positive mag-
netic anomaly (Fig. 3b). By contrast, the Luonan-Luanchuan
fault (LLF in Fig. 2b) clearly shows a negative magnetic anom-
aly (Fig. 3b). Shallow geological variations generate high-
frequency gravity and magnetic anomalies, while changes in
the magnetic and gravity properties at deeper depth generate
low-frequency anomalies (Guan, 2005). To investigate the deep
origin of such geological contacts, we apply the new data pro-
cessing method in the spatial domain proposed by Guo and Tao
(2020). This algorithm allows the calculation of potential field
data either upward or downward from the surface to a plane.
Following this method, in Fig. 7 we show the gravity anomaly
maps obtained by upward continuation from the surface to 10
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Figure 5. (a) Moho depth at different locations (colored circles) after Li et al. (2018). (b) Depth of the isostatic flexural limit corresponding to the lithosphere-

asthenosphere boundary (LAB) after Deng and Levandowski (2018). Geological units and faults are the same as in Fig. 2.
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Figure 6. Central panel: spatial distribution of earthquake epicenters (circles) in southeastern NCC during the period 2008—2019. Color indicates focal depth

(see depth scale in km). Top and right panels: hypocenters and released energy (bar histograms) along geographic longitude and latitude. The number included

within each column indicates the energy released in the corresponding region. Black star (top in central plot) indicates the epicenter of the 1668 Tancheng

Earthquake. Data are provided by the China Earthquake Networks Center (CENC). Geological units and faults are the same as in Fig. 2.

and 30 km (Figs. 7a and 7b), and also the corresponding mag-
netic anomaly maps obtained by the same procedure (Figs. 7¢
and 7d). As shown in the two gravity maps, TLF appears con-
toured by a positive anomaly, especially on its eastern side,
leading us to believe that this boundary is a major fault pene-
trating deeply. The XHTB shows a low negative anomaly com-
pared to other regions further west of the TLF, which indicates
a variation in the structure and composition of the crust. Like-
wise, a well-defined negative gravity anomaly with a deep ori-
gin is observed in the Qinling-Dabie Orogen. In view of the
two magnetic anomaly maps, both the Tanlu fault, which
shows positive values, and the Luonan-Luanchuan fault, char-
acterized by negative values, appear to be major faults on a
lithospheric scale. Now more clearly, the positive magnetic
anomaly along 116°E may reflect another tectonic boundary.

In order to investigate more about the origin of the linear

positive gravity anomaly detected in southeastern NCC, in Fig.
8a we show the Bouguer gravity curve along a reference pro-
file (see Fig. 2b), as well the curves obtained by upward contin-
uation (Guo and Tao, 2020) at 10 and 30 km. The highest gravi-
ty values around +10—15 mGal correspond to the central seg-
ment of the profile, where the Huaiyin-Xiangshui fault and the
Tanlu fault are intersected by the profile, and the half wave-
length of these anomalies is ~20 km. These anomalies decrease
notably with reference to the plane at 10 km and vanish at 30
km, indicating that the linear positive anomaly has a shallow
origin.

To better discern the origin of the observed gravity anoma-
ly, we simulate the gravity field under various assumptions,
that is, modeling some density anomalies embedded in the
crust at different depths, as shown in Fig. 8c. In this illustra-
tion, the anomalous density blocks reflect the following struc-
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Figure 7. (a), (b) Gravity anomaly maps after upward continuation (Guo and Tao, 2020) at 10 and 30 km. (c), (d) Magnetic anomaly maps obtained by the

same procedure. Geological units and faults are the same as in Fig. 2.

tures: A, shallow structure; B, upper crust; C, middle crust; D,
lower crust; E, middle-to-lower crust. Each of these 5 x 5 km’-
sized boxes represent a magmatic intrusion or strata with a den-
sity contrast of 0.2 g/cm’ (Deng et al., 2016). The block D rep-
resents an elevation of the Moho, while the 5 x 15 km’-sized

block E, also with density contrast of 0.2 g/cm’, located at 15-30
km depth, could represent intrusive rocks embedded in the
middle-to-lower crust. Figure 8b shows the synthetic gravity
anomaly curve. For comparison, we show the observed Bouguer
gravity anomaly near the Chaohu-Gaoyou, Huaiyin-Xiangshui
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upward continuation (Guo and Tao, 2020) at 10 (red line) and 30 km (black line). Faults intersected by the profile (from south to north): INF. Jiangnan fault;
CGF. Chaohu-Gaoyou fault; HXF. Huaiyin-Xiangshui fault; TLF. Tanlu fault; FPF. Fengpei fault. (b) Synthetic gravity anomaly curve obtained after modeling

different density anomalies depicted below. For comparison, we show the observed Bouguer gravity anomaly near the Chaohu-Gaoyou, Huaiyin-Xiangshui and

Tanlu faults (CGF, HXF and TLF insets included in this panel). (c) Blocks of size 5 x 5 km” and density of 0.2 g/cm® embedded at different depths in the crust:

A. near-surface density anomaly; B. anomaly at 9.5 km depth (upper crust); C. anomaly at 17.5 km depth (middle crust); D. anomaly at 27.5 km depth (lower

crust); E. 5 x 15 km’-sized block at 15-30 km depth (middle-to-lower crust). The block labeled D represents an elevation of the Moho, while the block labeled

E depicts intrusive rocks embedded in the middle-to-lower crust.

and Tanlu faults (CGF, HXF and TLF insets included in this
panel). Obviously, blocks like C, D or E cannot generate the
observed Bouguer anomaly, since the amplitude of the pro-
duced anomaly is smaller and the wavelength is wider. Howev-
er, an A-type density contrast or even B-type could generate a
gravity anomaly of ~20 mGal and to a lesser extent of ~10
mGal, with a half wavelength of 20 km. Therefore, we con-
clude that a density anomaly at a relatively shallow depth (in
the upper crust), such as a dipping/overlapping formation or in-
trusive mafic/metamorphic rocks, appears to be the trigger fac-
tor for the linear trend gravity anomaly in southeastern NCC.
The synthetic gravity curve (Fig. 8b) makes it possible to rule
out the Moho uplift as the cause of the gravity variation be-
cause it cannot generate such a short wavelength anomaly. Re-

cent studies (Xu et al., 2021; Li et al., 2020; Gu et al., 2019;
Luo et al., 2019) show a high velocity in the shallow part be-
neath TLF that is consistent with our interpretation.

4 DEFORMATION CONSTRAINED BY SEISMIC AN-
ISOTROPY AND MAGNETIC ALIGNMENTS

Seismic anisotropy is a useful tool to estimate deforma-
tion of the crust and upper mantle (Hu et al., 2018; Chen et al.,
2015; Wu et al.,, 2015). However, the depth of the anisotropy
deduced from SKS-splitting measurements remains a problem
of some difficulty. Pms-splitting measurements have been used
to directly constrain the anisotropy and deformation of the
crust and to largely explain the deformation mechanism of the
crust (Chen et al., 2013).
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Regarding the deformation of the upper crust, Bokelmann
and Wiistefeld (2009), based on quantitative magmatic infor-
mation, used magnetic and seismic anisotropy to compare
crustal and mantle fabric, as ferromagnetic minerals in the bulk
rock dominate the magnetic properties of the lithosphere. The
most magnetic of these minerals is magnetite (Fe,O,), which
loses its ferromagnetism when the temperature exceeds the Cu-
rie point of approximately 580 °C (Bokelmann and Wiistefeld,
2009). Hence, magmatism data can provide the alignment of
rocks within the upper-middle crustal fabric.

4.1 SKS-Splitting Based Anisotropy

From the results provided by Huang et al. (2013), Shi et al.
(2013), Zhao et al. (2013), Tian and Santosh (2015), Li et al.
(2018) and Yang et al. (2019), in Fig. 9a we show SKS-splitting
vectors at each station deployed in the explored region. The av-
erage splitting parameters show a delay time of ~1.2 s and a fast
wave polarization direction to N98°E. Nevertheless, an E-W fast
polarization direction can be observed in the easternmost conti-
nental area. From south to north, there does not appear to be a
clear change in the polarization direction in the Yangtze Block
and the NCC. Tian and Santosh (2015) considered that the sub-
duction of the Pacific Plate during the Cenozoic provoked the
change in the fast polarization direction from WNW-ESE to
NW-SE, while the E-W fast polarization direction is characteris-
tic of the “fossilized” deformed lithosphere beneath eastern Chi-
na. More recently, Li et al. (2018) proposed that the westward
subduction of the Philippine Plate and the far-field effects of the
collision between the Indian and Eurasia plates are the cause of
the E-W fast polarization direction during the Cenozoic.

4.2 Magnetic Alignments
In order to compare the results of seismic anisotropy with
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those derived from the magnetism of the crustal fabric, we ap-
ply the Radon transform to calculate the magnetic alignments
at certain points, following the method applied by Bokelmann
and Wiistefeld (2009) and Wiistefeld et al. (2010). This trans-
form can be used to detect individual alignments on a map, or
to characterize preferential orientations by summing all offsets
in an appropriate way (Wiistefeld et al., 2010). During the cal-
culation process, we choose a radius of 80 km because it pro-
vides a good resolution (Wistefeld et al., 2010). Figure 9b
shows the magnetic alignments in southeast NCC, which look
as a V-shaped pattern with the corner east of the Dabie Orogen.
In general, the alignment of magnetic anomalies in the Yangtze
Block is approximately E-W and NE-SW, which is consistent
with the observed trend of the tectonic units and similar, for ex-
ample, to what happens with the geological boundaries in
southern Mongolia (Guy et al., 2014). In the XHTB, the mag-
netic alignments accommodate the convex shape of the belt,
but they turn to NE-SW near the TLF. West and south of the
XHTB, the magnetic alignments are almost E-W.

The magnetic alignments in the Qinling-Dabie Orogen
have a clear NW-SE orientation, which is consistent with the
orogen trend and with fast polarization directions (Fig. 9a).
Many SKS- and Pms-splitting studies conducted west of
Qinling-Dabie prove that mantle and crust have a similar trend
to deformation, except for some local faults (Hu et al., 2020;
Liu et al., 2020; Guo et al., 2019; Xu et al., 2018; Chang et al.,
2017; Liu et al., 2017; Kong et al., 2016; Wang et al., 2016; Yu
and Chen, 2016). The consistency between magnetic align-
ments and the results provided by shear wave splitting may in-
dicate vertical coherent deformation of the crust and mantle
due to the collision orogen. The results deduced with two other
trial radii, 50 and 100 km, are compatible with those of 80 km
(Fig. S1).

116° 118°

Figure 9. (a) SKS-splitting-based fast polarization directions in the North China Craton (data taken from Yang et al., 2019; Li et al., 2018; Tian and Santosh,
2015; Huang et al., 2013; Shi et al., 2013; Zhao et al., 2013). (b) Magnetic alignments (after reduction-to-pole) in southeastern NCC. In both plots, the red lines

represent the main faults and the white lines delineate administrative provinces. Geological units and faults are the same as in Fig. 2.



562

5 DISCUSSION: DEEP STRUCTURE AND FORMA-
TION OF THE XHTB

To illuminate the deep structure of the XHTB, in Fig. 10
we show four S-wave velocity sections along four profiles,
three of which cross the belt (Fig. 4a), in addition to seismicity
and topography. According to the B-B’ profile (Fig. 10b), the
Subei Basin shows the lowest velocity in the upper crust com-
pared to the XHTB and the NCC, and the earthquakes occur at
deeper depths. The C-C” and D-D’ profiles (Figs. 10c—10d) re-
veal the existence of a thick crustal low velocity layer beneath
XHTB. The bottom of this structure depicts the lower bound-
ary of a detachment layer, along which the region has various
depths similar to the fold thrust belt in the Appalachian Orogen
(Macedo and Marshak, 1999; Gray and Stamatakos, 1997). On
the other hand, the S-wave velocity in the mantle (lower panels
in Figs. 10c—10d) and recent Pn-wave tomography model (Yin
et al., 2019) show low values in XHTB. This indicates a
lithospheric-scale anomaly below XHTB, in which the mantle
upwelling changed the crustal rheology. Compared to nearby
areas, the few and relatively shallow earthquakes also confirm

Yangfan Deng, Yun Chen, Pengfei Li, Zhou Zhang and Jos¢ Badal

the weak strength of the XHTB.

Back to the models reviewed in Fig. 1, the margin-
controlled salient and the interaction with strike-slip faults do
not have this kind of curved shape like the XHTB (Macedo
and Marshak, 1999), while the trench or slab controlled salient
usually form larger curved fold belts (Li et al., 2017; Schellart
et al., 2007). Recent physical modeling supports that a detach-
ment layer plays a key role for the XHTB (Li, 2019; Chen,
2016). However, it is possible to eliminate the basin-controlled
orocline when the bottom of the detachment has a depth (e.g.,
20 km) that is much deeper than that of a sedimental basin. Fur-
thermore, a detachment-controlled orocline causes the trend
lines to converge at the endpoints, not at the indenter-
controlled vertex (Macedo and Marshak, 1999). This is consis-
tent with the Xuhuai arc-shaped fold-thrust belt, whose trend
lines converge at the endpoints. Moreover, the indenter should
have a high velocity, not a low velocity along the strike, as ob-
served in Fig. 10. In addition, we did not find any geological
report of the basement uplift to support the obstacle-controlled
feature as in the Dabashan orocline (Luo et al., 2020; Wang et
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Figure 10. S-wave velocity sections along four reference profiles, namely: (a) 4-4°, (b) B-B’, (¢c) C-C”, (d) D-D’ (see Fig. 4a). The dashed lines roughly out-

line the lower boundary of the detachment. Small circles represent earthquake hypocenters. LV means shear velocity. We have added topographic relief and

some tectonic references on top of each velocity section. Geological units and faults are the same as in Fig. 2.
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al., 2019; Shi et al., 2012), although they may show a similar ve-
locity pattern. Therefore, we suggest the XHTB is a detachment-
controlled orocline due to different strengths.

Figure 11 shows a schematic diagram for the possible forma-
tion of XHTB. The hot and low velocity mantle material penetrat-
ed into XHTB and changed the rheology of the overlying crust,
resulting in a thin crust and lithosphere. The orocline was formed
in a compressive regime due to the different detachment depth/
strength along the strike. As for the reason for the rheological fea-
ture of the crust and upper mantle, we can point out various trig-
gers, such as deep subduction of the Yangtze Block below the
NCC in Triassic (Shu et al., 2017; Zhao et al., 2016), ridge sub-
duction (Ling et al., 2013, 2009), or western Pacific subduction in
Late Mesozoic (Sun etal., 2019). However, we cannot give a con-
crete answer due to the uncertainty of the chronology, even
though Sr-O isotopic studies on apatite suggest that the main dy-
namic mechanism of diagenesis and mineralization in the Xuhuai
area is the result of the subduction of the Pacific Plate (Zhang et
al.,2020; Sunetal.,2019,2007).

The magnetic alignments in the crustal fabric are consis-
tent with the trend of geological units. The effects of the
curved geometry as well as the drag induced by the Tanlu
strike-slip fault are the cause of the deformation of the magnet-
ic alignments. The SKS-splitting fast directions can be inter-
preted as the physical response to the westward subduction and
retreat of the Pacific Plate, as noted in previous studies (Yang
et al., 2019; Li et al., 2018; Tian and Santosh, 2015). In com-

Figure 11. A schematic diagram for the formation of XHTB. The hot and low
velocity layer in the mantle changed the rheology of the overlying crust. The
orocline was formed in a compressive regime due to the different detachment
depth/strength along the strike. Thick arrows represent directions of compres-
sive stress. Red arrows indicate the possible mantle upwelling. Magnetic align-
ments in the crustal fabric (red dashes) are consistent with the trend of geologi-
cal units. SKS-splitting fast directions (green dashes and crosses) accommo-
date to the westward subduction of the Pacific Plate. Adakitic rocks are

marked with red circles. The length of the axis is not scaled.

parison with overthrusting (Wang et al., 1998; Xu et al., 1987),
underthrusting (Shu et al., 2017) or extrusion models (Zhang
and Dong, 2008), our model is based on the knowledge of the
crust-mantle structure supported by geophysical data.

6 CONCLUSIONS

The geophysical information acquired through various da-
tasets, including gravity, magnetic anomalies, shear wave ve-
locity, Moho depth, seismicity and anisotropy, has allowed us
to obtain the physical signature related to the geological evolu-
tion of the XHTB and nearby regions. The magnetic align-
ments are consistent with the trend of geological units, with a
V-shaped configuration at the corner to the east of the Dabie
Orogen. The similarity between the magnetic alignments and
the SKS/Pms splitting directions in Qinling-Dabie suggest a co-
herent deformation in the crust and mantle. New gravity and
magnetic anomaly maps obtained by upward continuation con-
firm that both the TLF and the Luonan-Luanchuan fault are ma-
jor faults on a lithospheric scale. Density anomalies in the up-
per crust may be the trigger for the linear positive gravity anom-
aly in southeastern NCC. The XHTB shows a low negative
gravity anomaly, low velocity, thin crust and lithosphere com-
pared to other regions in the west of TLF. A detachment-
controlled model for the formation of XHTB is proposed, but
the deep process that causes the lithospheric-scale anomaly
needs further investigation.
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