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Gravity lineaments are well recognized along plate boundaries and in the interiors of oceanic plates. However,
the formation mechanism of intracontinental gravity lineaments remains poorly understood. The North-South
Gravity Lineament (NSGL), which extends >4000 km from Russia to South China, is characterized by an abrupt
change in the observed Bouguer gravity anomaly, ranging from —100 mGal in the west to —40 mGal in the east
over a distance of <100 km. Here we employ gravity modeling along a deep seismic sounding profile that
transects the NSGL to delineate the relative contributions of the thickness and composition of the crustal and
upper mantle and the stagnant slab in the mantle transition zone to the observed gravity anomaly, and to ul-
timately constrain the formation mechanism of the NSGL. Our results indicate that crustal thickness is the
dominant factor in the formation of the NSGL, with lithospheric composition also playing a role. Combining our
results with those of previous studies, lateral variations in the lithospheric mantle composition and crustal/
lithospheric thickness across the NSGL can be attributed to lithospheric thinning and mantle replacement in the
eastern part of the North China Craton during the late Mesozoic. This was triggered by the subduction of the
Paleo-Pacific plate and subsequently led to the persistence of a stagnant slab and big mantle wedge. This study
highlights the fundamental need for integrated geophysical-petrological analyses to better understand the sur-

face response to deep tectonic processes.

1. Introduction

Gravity lineaments are typical features along plate boundaries and in
the interiors of oceanic plates, aligning either roughly parallel or
perpendicular to the direction of plate motion. They can form via either
small-scale convection, slow and diffuse lithospheric extension, down-
ward cooling of the lithosphere (thermal contraction), or viscous
fingering instabilities (e.g., Cormier et al., 2011). Conversely, intra-
continental gravity lineaments are poorly characterized, and their for-
mation mechanism remains unclear. Therefore, it is necessary to assess
the models proposed for oceanic lineaments to determine if they are
applicable to their counterparts in continental settings.

The North-South Gravity Lineament (NSGL; also known as the Great
Xing’an-Taihangshan Gravity Lineament) is a ~ 4000-km-long, ~100-
km-wide zone in eastern China. It extends from Russia to South China
and possesses a Bouguer gravity anomaly that decreases rapidly from
—100 mGal in the west to —40 mGal in the east. Considerable changes in

the surface elevation, crustal and lithospheric thickness, and potentially
the structure of the mantle transition zone (MTZ) have been observed
across this gravity lineament (Ma, 1989; Niu, 2005; Xu, 2007; Deng and
Levandowski, 2018; Fig. 1). Such lateral heterogeneities have been
attributed to the diachronous destruction of the North China Craton
(NCC) during the Early Cretaceous (Xu, 2007). The NSGL is considered
the western boundary of the destroyed NCC (Chen, 2010; Zhu et al.,
2012b), and its position is potentially governed by vigorous mantle
convection that was induced by the subduction of the Paleo-Pacific plate
beneath the Eurasian plate (Zhao et al., 2004; Xu, 2007; Lei and Zhao,
2005; Zhao et al., 2007).

This study explores the conceptual model for the formation of the
NSGL in detail via gravity modeling along a deep seismic sounding
profile. First, we undertake a comprehensive compilation and analysis of
the available gravity data to better characterize the NSGL in terms of
regional heat flow, volcanism, and lithospheric architecture. We then
assess the relative contributions of the crustal thickness, crustal and
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upper mantle compositions, and stagnant slab within the MTZ to the
formation of the NSGL. Finally, we use the results of this NSGL inves-
tigation to place constraints on the formation of intracontinental gravity
lineaments and discuss the implications of deep tectonic processes being
able to produce such a large-scale geological feature.

2. Gravity data and characteristics of the NSGL

The NSGL is characterized by a rapid and distinct change in the
Bouguer gravity anomaly across eastern China (Fig. 1). The Bouguer
gravity data are from the Earth Gravitational Model (EGM2008), which
spans land and ocean areas at a 2.5 x 2.5 arcmin grid spacing. The
standard deviation of the Bouguer gravity data in this area is < 5 mGal
(Pavlis et al., 2012). The Bouguer gravity that span the —100- to —40-
mGal range are highlighted in Fig. 1 to illustrate the NGSL. The NGSL is
particularly narrow within the NCC, possessing a minimum width of
<50 km, and becomes wide and diffuse in the northern part of Northeast
China and central South China (>600 km), with these broader regions
corresponding to gentle topographic variations.

This newly defined gravity anomaly map and a number of tectonic
parameters along the NSGL are shown in Figs. 1 and 2, respectively.
From Northeast China to South China, the NSGL runs approximately
along Great Xing’an Range and transects the Yanshan, Taihangshan, and
Qinling-Dabie orogens and Wulingshan (Fig. 1), separating the ~100 m
elevation region to the east from the ~1 km elevation region to the west
(Fig. 1b).

There is a significant change in crustal thickness across the NSGL
(Fig. 2a; Fig. 8 in Zhang et al., 2020). The crustal thickness exceeds 35
km to the west of the NSGL, with the thickest crust (~50 km) occurring
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in South Qinling. Conversely, the crust to the east of the NSGL is char-
acterized by a 30-35 km crustal thickness, with the crust thinning to
<30 km beneath the Songliao and Bohai basins and the Cathaysia block.
The lithosphere exhibits similar lateral thickness variations, with a
thinner lithosphere observed to the east of the NSGL than the west (Deng
and Levandowski, 2018; Fig. 2b).

The geographic location of the NSGL is roughly coincident with the
western end of the stagnant slab in the MTZ, which has been detected via
seismic tomography (Fig. 2¢; Huang and Zhao, 2006; Chen and Pei,
2010; Wei et al., 2015; Liu et al., 2017; Huang et al., 2021). However,
recent receiver function analyses have not detected visible variations in
the MTZ thickness across the NSGL (Liu et al., 2015a, Sun et al., 2020;
Han et al.,, 2020; Vinnik et al., 2020). Nevertheless, Datong and
Changbaishan volcanoes are underlain by a relatively thick MTZ,
thereby suggesting the potential for a high-water content in the MTZ
(Sun et al., 2020; Wang et al., 2020).

The NSGL has a lower heat flow than the surrounding area. Specif-
ically, the surface heat flow is higher to the east of the NSGL than it is to
the west (Fig. 2d). However, intraplate volcanism occurs on both sides of
the NSGL, especially in North and Northeast China (e.g., Datong, Hon-
ggeertu, Changbaishan, Jingbohu, Longgang, Arshan-Chaihe, and
Wudalianchi-Keluo volcanoes). The NSGL and the surrounding region
possess focused centers of Quaternary (and particularly Holocene)
volcanism.

All of these features collectively suggest that the NSGL is not only a
topographical boundary, but also a tectonic boundary that separates two
tectonically distinct domains. Constraints on the formation mechanism
of such a large-scale geological feature are necessary to advance our
understanding of the regional geology of the eastern Asian continent
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Fig. 1. Bouguer gravity anomaly (EGM2008, Pavlis et al., 2012) and topography (Etopol, www.ngdc.noaa.goc/mgg/global/global.html) in eastern China. The white
lines indicate the western boundary of stagnant slab from tomography (dash line: Huang and Zhao, 2006; solid line: Li and van der Hilst, 2010). Basalts and volcanos
are outlined with black contours and triangles, respectively. Gravity contours of —100 mGal ~ —40 mGal or — 80 mGal ~ —40 mGal are marked in order to illustrate
the feature of the NGSL. The purple line outlines the seismic profile in Fig. 3. CAOB: Central-Asian Orogen Belt; WNCC: Western North China Craton; ENCC: Eastern
North China Craton; TNCO: Trans-North China Orogen. DT: Datong volcano; HGT: Honggeertu volcano; CBS: Changbaishan volcano; JB: Jingbo volcano; LG:
Longgang volcano; ARS: Arshan volcano; WDLC: Wudalianchi volcano. The extent of NSGL is narrow in North China compared with that in Northeastern China and
South China. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)


http://www.ngdc.noaa.goc/mgg/global/global.html

Y. Deng et al.

100° 110° 120° 130°
O .

230 240 250 260 270 280

Tectonophysics 818 (2021) 229074

100° 110° 120° 130°

50°

40°

30°

X 20°
N - s

Lithospheric thickness
T T

km

I L .
60 80 100 120 140 160 180 200

e T
30 40 50 60 70 80 90100110120

Fig. 2. The characteristics of the NSGL and its vicinity. (a) Crustal thickness (Li et al., 2014); (b) Lithospheric thickness from seismological results (Chen et al., 2009;
Zheng et al., 2014; Zhang et al., 2014, 2018); (c) Thickness of mantle transition zone (North China: Chen et al., 2009; Northeast China: Liu et al., 2015a; South China:
Han et al., 2020); The white dots indicate the locations for peridotites xenoliths. (d) Surface heat flow (Jiang et al., 2019). The white circles indicate the observation
points; Gravity contours of —100 mGal, —80 mGal and —40 mGal are outlined with dotted lines. The meaning of white lines in (a) is the same as Fig. 1a.

and, more importantly, to elucidate the surface response to deep tec-
tonic processes. Here we evaluate the potential factors responsible for
the formation of the NSGL. This evaluation is focused on the NCC
because: (a) the gravity lineament in this region is narrow, with distinct
sedimentary, crustal, and lithospheric thickness contrasts observed
across the NSGL, whereas those in South and Northeast China are
broader; (b) previous studies have conducted extensive analyses of
mantle xenoliths from both sides of the NSGL (e.g., Zheng et al., 2007);
and (c) a deep seismic sounding profile spanning the NCC is available
(Jia et al., 2014; Tian et al., 2014; Wang et al., 2014), thereby providing

valuable information for gravity modeling.
3. Factors that may contribute to the formation of the NSGL
3.1. Gravitational contribution from Moho depth variations
There are significant variations in the crustal thickness across the
NSGL, as shown in Fig. 2a and the seismic profiling results of Jia et al.

(2014) and Tian et al. (2014), which have a profound effect on the
observed gravity anomaly. Polygonal prisms are employed to calculate
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the gravity anomaly due to the Moho depth variations (Jia and Meng,
2009), with a density contrast of 0.4 g/cm® applied between the lower
crust and upper mantle (Mooney and Kaban, 2010). The crustal thick-
ness undulations yield a similar gravity gradient to that observed across
the NSGL, as shown in Fig. 3a. The crustal thickness is therefore
considered to be the predominant factor driving the formation of the
NSGL.

3.2. Gravitational contribution from intra-crust

Crustal interfaces and composition (including sediments) may also
contribute to the formation of the NSGL. We calculated the density
structure of the crust based on the detailed crustal compressional-wave
velocity (Vp) structure on both sides of the NSGL using the seismic
profiling results of Jia et al. (2014). The applied Vp model is slightly
different from that of Tian et al. (2014), with a higher velocity employed
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in the lower crust, especially beneath the Ordos basin.
The crustal density (p) is derived from Vp as (Brocher, 2005):

p = 1.6612%y, —0.4721%v,% +0.0671%v,’ — 0.0043*v,* +0.000106*1,’
(€8]

and is then employed to calculate the gravity anomaly. The density in
the mantle is assumed to be homogeneous (3.3 g/cm?), since only the
crustal contribution is considered here. Fig. 3b shows the density
structure and corresponding gravity anomaly along the profile. The
largest difference between the calculated and observed gravity anoma-
lies is >50 mGal. The calculated gravity to the east of the NSGL is lower
than the observed gravity, with the opposite trend observed to the west.

We could fit the observed gravity anomaly by assuming that the
gravity difference originated within the crust and increasing
(decreasing) the crustal density by 0.1 g/cm® on the eastern (western)
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Fig. 3. Modeled gravity anomalies against the E-W deep seismic sounding profile shown in Fig. 1. Gravitational effects of (a) the Moho variation; (b) the crustal
density from Vp; (c) the density model from (b) and + 0.1 g/cm3 in the dashed box; (d) the lithospheric density. The crustal density is the same as (b), the density in
the mantle lithosphere is higher (+0.03 g/cm3) in the east side (The dashed white line is the boundary for the density difference); (e) the density model from (d) and
+ 0.04 g/cm3 density in the east side box and — 0.06 g/cm3 in the west side box of NSGL; (f) the stagnant slab. The means of anomalies have been removed.
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side of the NSGL (Figs. 3c, Sla, and S1b). This density contrast could be
derived from either 1) the Vp—p empirical relationship or 2) the wrong
original Vp data. The Vp-p relationship in Brocher (2005) is widely
applied, but the governing mechanism for this relationship is still un-
known, especially when a particular rock type is considered. Further-
more, the uncertainties associated with this Vp—p relationship have not
been directly assessed to date (Herceg et al., 2016). The crustal Vp to the
east of the NSGL may be higher than that to the west. However, a passive
seismic profile in the same region indicates that the shear-wave velocity
structure of the crust to the east of the NSGL is lower than that to the
west (Zheng et al., 2005). Furthermore, another model that used the
same raw seismograms shows a higher velocity to the west (Tian et al.,
2014) that contradicts the gravity modeling results of a higher density to
the east side of the NSGL. Even though the higher crustal density to the
east of the NSGL could provide a better fit to the gravity observations
(Fig. 3c) than the crustal density structure in Fig. 3b, it is hard to explain
the systematic density difference across the NSGL.

3.3. Gravitational contribution from the upper mantle

Another possibility for the observed gravity difference across the
NSGL in Fig. 3b may be related to structural variations in the upper
mantle. The lithospheric mantle in the eastern NCC (ENCC) is estimated
to be ~50 °C colder than that beneath the western NCC (WNCC) at a
given depth (the Moho temperature of the ENCC is 100 °C colder than
that of the WNCC; Sun et al., 2013). Such a temperature difference in-
dicates that the higher lithospheric velocity and density beneath the
ENCC, which corresponds to a density increase of ~5 kg/m?>, is due to
the colder temperature beneath the ENCC (assuming a thermal expan-
sion coefficient of ~3.0 x 107°/°C; McKenzie et al., 2005). The upper
mantle composition exerts a more significant influence on the mantle
density than its temperature. Iron, volatiles, and aluminous phases, such
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as garnet and spinel, are preferentially extracted from the mantle during
partial melting, leaving a drier mantle composition that is rich in mag-
nesium; the opposite compositional trends are envisaged during fertil-
ization processes. Empirical relationships between Mg# (Mg# = [Mgl/
[Mg + Fel), Vp, and p suggest that a unit increase in Mg# corresponds to
a density decrease of ~0.4% (~13 kg/mg; Schutt and Lesher, 2010).
Previous studies of peridotite xenoliths have documented the differences
in Mg# between the mantle beneath the central NCC and the ENCC
(Polat et al., 2006; Zheng et al., 2007; Xu et al., 2008; Xu et al., 2010a,
2010b; Deng et al., 2013; Guo et al., 2016; Zhang et al., 2017). The Mg#
in the central NCC mantle is ~2 units higher than that in the ENCC
(Fig. 4), which indicates that the lithospheric mantle density to the east
of NSGL is ~0.025 g/cm? higher than that to the west. We set the crustal
density to the same crustal density structure in Fig. 3b and the
asthenospheric density to 3.3 g/cm?>. The lithospheric thickness is taken
from Wang et al. (2014), and the modeled lithospheric mantle density
beneath the ENCC is higher (approximately +0.03 g/cm®) than that
beneath the WNCC (Fig. 3c).

The density anomaly in the lithospheric mantle (Fig. 3d) alone
cannot produce the observed NSGL gravity pattern; however, a similar
trend is witnessed between modeled and observed gravity anomalies
(Fig. 3d). Furthermore, if we assume that local density anomalies are
present in the crust (Figs. 3e, Slc, and S1d), then the calculated gravity
pattern fits the observed NSGL gravity pattern well. Local density
anomalies are not required in the regions that possess smaller gravity
anomaly variations across the NSGL. We therefore speculate that the
Moho variations are primarily responsible for the lateral variations in
the gravity anomaly across the NSGL, whereas the lithospheric density
differences exert a secondary influence on the observed gravity
anomaly.
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Fig. 4. Distribution of olivine-Mg# in peridotites on the sides of NSGL: Fertile, olivine-Mg# < 90; Transitional (Trans.), olivine-Mg# 90-92; Refractory (Refra.),
olivine-Mg# > 92. Data sources: Wutaishan: Polat et al., 2006; Yangyuan, Fanshi: Xu et al., 2008; Fushan: Xu et al., 2010a; Xi’anli: Xu et al., 2010b; Beiyan: Xiao
et al., 2010; Yantai: Hong et al., 2012; Xilinhot: Pan et al., 2013; Wudi: Liu et al., 2015b; Weichang: Zou et al., 2016; Longmengou: Zhang et al., 2017. Langshan: Dai
et al., 2019; Lianshan: Hao et al., 2019; Changbaishan: Xu et al., 2019; Nangaoya: Bian et al., 2021; Siziwangqi: Zhang et al., 2021; Sanyitang: Zhao et al., 2021; other
details can be seen in Zheng et al. (2007). The Y-axis indicates the frequency. The locations of the peridotites xenoliths are shown in Fig. 2c.
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3.4. Gravitational contribution from the stagnant slab in the mantle
transition zone

The effect of the stagnant slab in the MTZ on the overlying litho-
sphere and intraplate volcanism in East Asia is popular research topic
(Zhao et al., 2004; Fukao et al., 2009; Xu et al., 2018). Given the
geographic proximity of the western end of the stagnant slab in the MTZ
and the NSGL (Huang and Zhao, 2006; Chen and Pei, 2010; Chen, 2010),
it has been proposed that the stagnant slab may have induced vigorous
mantle convection, thus affecting the composition and structure of the
shallow lithosphere (Xu, 2007; Ohtani and Zhao, 2009) and volcanism
(Zhao et al., 2004; Kuritani et al., 2011; Xu et al., 2012; Wang et al.,
2017) across the NSGL. The density contrast between the western Pacific
slab and the mantle beneath the Japan trench is assumed to be constant
at 0.07 g/(:m3 (Furuse and Kono, 2003; Faccenna et al., 2012), and the
thickness of the stagnant slab is 140 km based on triplication waveform
modeling (Li et al., 2013). Fig. 3f presents the calculated gravity
anomaly when a slab is present in the MTZ, with an east-to-west
increasing gravity anomaly that is similar to that observed for the
NSGL, but with a much longer wavelength. We therefore suggest that the
gravity anomaly from a stagnant slab is a negligible contributor to the
observe NSGL gravity pattern because the near-neutral buoyancy of the
slab due to the low-density phases may be offset by the lower temper-
atures (King et al., 2015).

4. Discussion

4.1. Lateral variations in the gravity anomaly across the NSGL due to the
destruction of the ENCC

The modeling presented in this study demonstrates that the lateral
variations in the gravity anomaly across the NSGL are due primarily to
crustal thickness variations and secondarily to contrasting lithospheric
compositions across the NSGL. Specifically, the thicker crust and more
refractory upper mantle beneath the TNCO relative to those beneath the
ENCC explain the gravity anomaly gradients across the NSGL. Therefore,
the processes that created these E-W lateral variations in mantle
composition and crustal thickness were responsible for the formation of
the NSGL, with the partial destruction of the NCC being the most likely
formation mechanism (Menzies et al., 1993; Griffin et al., 1998; Xu,
2001).

Considerable changes in lithospheric thickness and mantle compo-
sition have been documented to the east of the NSGL. Ordovician dia-
mondiferous kimberlites and their mantle xenoliths indicate a thick
(>180 km), ancient (>2.5 Ga), cold, refractory lithospheric keel beneath
the ENCC prior to the Paleozoic, whereas Cenozoic alkali basalts and
their hosted xenoliths, and geophysical investigations, reveal the pres-
ence of a thin (~80 km), hot, fertile lithosphere (Menzies et al., 1993;
Griffin et al., 1998; Xu, 2001; Gao et al., 2002; Chen, 2010). Such a
dramatic change in lithospheric architecture is now known as cratonic
destruction, and most likely took place during the late Mesozoic (Zhu
et al., 2012b). The ENCC experienced significant lithospheric extension
and thinning during this cratonic destruction, and its original refractory
cratonic root (higher Mg#) was replaced by a relatively fertile mantle
(lower Mg#) via either thermal erosion and subsequent accretion or
melt-rock interactions (Xu, 2001; Zhang, 2005; Zheng et al., 2007; Wu
et al., 2008). This lithospheric destruction is confined largely to east of
the NSGL, leaving the WNCC largely intact, and therefore creating a
significant mantle density/composition contrast across the NSGL. A
paleogeographic reconstruction (Wang, 1985) further supports the
destruction of the NCC as the formation mechanism of the NSGL,
whereby the NSGL first appeared during the Early Cretaceous, which
coincides with the peak period of destruction of the NCC (Xu, 2007).

The crustal thickness exerts a primary influence on the gravity
anomaly, as shown in Fig. 3. The Moho is ~45 km thick to the west of the
NSGL, whereas it is only ~35 km thick to the east. Similarly, the

Tectonophysics 818 (2021) 229074

lithosphere is ~140 km thick to the west of the NSGL and ~ 80 km thick
to the east (Fig. 2). However, the mechanism driving this west-to-east
crustal thinning remains unclear, with lithospheric stretching and
gravitational instability of the dense lower crust being the two main
candidates to explain this thinning. A recent compilation shows that the
(disturbed) ENCC and (intact) WNCC possess virtually identical physical
structures and compositions (a thin mafic lower crust and predomi-
nantly intermediate composition overall), although the crust in the
disturbed region is thinner than that in the intact craton (Ma et al.,
2019). This suggests that delamination of the lower crust was not a
viable mechanism for thinning the crust beneath the ENCC. This crustal
thinning may be related to simple lithospheric stretching during the late
Mesozoic, as evidenced by basin formation and the emplacement of
metamorphic core complexes (Zhu et al., 2012a). Furthermore, the
thinning ratios for the crust and lithosphere are ~0.2 and ~ 0.4,
respectively, which are consistent with a pure shear model and litho-
spheric detachment/delamination in this region.

4.2. Paleo-Pacific plate subduction, big mantle wedge, and the
North-South Gravity Lineament

Although the destruction of the ENCC provides a viable mechanism
to generate the E-W variations in the gravity anomaly across the NSGL,
it fails to fully account for the formation of the NSGL because the line-
ament spans almost the entirety of eastern China, even extending to
Russia, rather than being confined to North China. The deep tectonic
processes that triggered the destruction of the ENCC may be the most
plausible driver. The subduction of the Pacific plate beneath the Asian
continent is now considered the main trigger for the destruction of the
NCC (Zhu et al., 2012b) because of the following: (a) the spatial pattern
of cratonic destruction (approximately NE-SW-oriented extensional
basins, main structural alignments, and metamorphic core complexes) is
consistent with the subduction direction of the Pacific plate (Zhu et al.,
2012a); (b) two main episodes of late Mesozoic magmatism have been
identified (Jurassic and Early Cretaceous), which correspond to the
subduction of the Pacific plate beneath the Eurasian plate and subse-
quent extensional episodes, respectively (Wu et al., 2019; Ma and Xu,
2021); and (c) seismic tomography studies have indicated that the
subducted Pacific oceanic slab has become stagnant within the MTZ, and
extends westward subhorizontally beneath the eastern Asian continent
(Zhao et al., 2004; Huang and Zhao, 2006; Huang et al., 2021). The
westernmost end of this stagnant slab does not extend beyond the
NNE-SSW-trending NSGL (Xu, 2007). Such a configuration outlines an
ultimate link between Pacific plate subduction and cratonic destruction;
the NSGL represents the western boundary of the destroyed NCC.

Fig. 5 schematically illustrates the scenario for the formation of the
NSGL in East Asia, whereby subduction of the Paleo-Pacific plate led to
the formation of the big mantle wedge (BMW) beneath the eastern Asian
continent (Zhao et al., 2004; Lei and Zhao, 2005; Zhao et al., 2007;
Ohtani and Zhao, 2009; Lei, 2012; Xu et al., 2018), and the dehydration
and decarbonization of the stored slab in the MTZ released volatiles into
the upper mantle (Xia et al., 2019). The ingression of volatiles, including
water and CO5, would considerably weaken the lithosphere, and would
therefore be responsible for the general lithospheric thinning trend
beneath the eastern Asian continent; the destruction of the NCC would
be one of the major manifestations of this lithospheric thinning (Niu,
2005; Xu, 2007; Li et al., 2016, 2019; Sun et al., 2021).

Liu et al. (2017) have argued that the seismically detected stagnant
slab in the MTZ is a recent feature that may be younger than 30-20 Ma.
However, this does not preclude the possibility that the stagnant slab
structure, which is also known as the BMW structure, may have existed
since the Early Cretaceous. For example, Nishi et al. (2013) advocated
that stagnant slabs may potentially persist in this region for >100 Myr
owing to the slow rate of Si—Al interdiffusion. The constraints on such a
persistent mantle structure can be also captured in the migration pattern
of the late Mesozoic magmatism in the NCC (Kiminami and Imaoka,
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Fig. 5. A schematic diagram for the formation of NSGL in North China Craton. The stagnation of the subducted pacific slab within the MTZ created a BMW structure
since the early Cretaceous (e.g., Zhao, 2004; Lei and Zhao, 2005; Zhao et al., 2007; Xu, 2007), in which vigorous convection and volatiles (including water and CO2)
released from the stored slab would considerably weaken and thin the overlying lithosphere.

2013; Wu et al., 2019). Ma and Xu (2021) recently analyzed geochro-
nological, whole-rock geochemical, and zircon Hf isotope data from
Mesozoic magmas in the northern NCC, and their age-dating results
revealed that a magmatic belt migrated >1000 km inland during
185-145 Ma and then back again after 145-140 Ma, coincident with the
transition from compression to extension at the start of the Early
Cretaceous. Such a feature is interpreted as being the consequence of a
change in the geodynamic regime of the subducting Paleo-Pacific slab
and its interaction with the overlying continental lithosphere, which
involves an active continental arc that spanned the Korean and Liaodong
peninsulas in the Early-Middle Jurassic, progressive shallowing of the
subducting Paleo-Pacific plate in the Middle-Late Jurassic, and subse-
quent slab rollback in the Early Cretaceous. Since stagnation of the
subducting slab in the MTZ is only possible when the subducting plate is
retreating (Griffiths et al., 1995), this spatiotemporal magmatic pattern
strongly suggests the persistence of the BMW structure beneath the
eastern Asian continent since the Early Cretaceous, with this peculiar
deep mantle structure governing the post-Cretaceous evolution of the
Asian continental lithosphere by mediating the chemical and physical
properties of the upper mantle. This observation therefore bolsters a
potential link between the NSGL and Pacific plate subduction.

5. Conclusion

We investigated the origin of intracontinental gravity lineaments in
the NSGL in eastern China by integrating geophysical and geochemical
data. Gravitational contributions from Moho variations, crustal and
upper mantle compositions, and the stagnant slab are evaluated,
together with gravity modeling along a deep seismic profile. These in-
tegrated results indicate that the NSGL is caused primarily by variations
in the Moho, with the contrasting lithospheric compositions on either
side of the lineament having a secondary effect on the NSGL. The process
responsible for the subduction of the Paleo-Pacific plate and subsequent
destruction of the NCC was the ultimate driving force for the formation
of the NSGL, since the lateral variations in crustal thickness and mantle
composition across the NSGL are most likely related to the destruction of
the ENCC. It is therefore proposed that stagnation of the subducted

Pacific slab within the MTZ created a BMW structure that has persisted
since the Early Cretaceous, such that vigorous convection and the vol-
atiles released from the subducted slab have played important roles in
re-shaping the shallow lithosphere.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.tecto.2021.229074.
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