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The Central Asian Orogenic Belt (CAOB) is a globally magnificent accretionary orogenic
belt that has been formed since the Phanerozoic as a result of the Paleozoic closing of the
Paleo-Asian Ocean (PAO). The transition zone between the North China Craton (NCC) and
the Siberia Plate is located in the eastern CAOB and has been thoroughly investigated by
various seismic investigations. However, other types of geophysical approaches lag
behind, especially integrated magnetic-gravity surveying, which could provide regional
continent-scale constraints on the deep crustal structure. Here, the high-resolution ground
gravity and airborne magnetic data covering the study region are newly processed by
upward continuation, an improved potential field normalization differential algorithm, an
analytical signal approach, and correlation analysis. The processed gravity and magnetic
anomalies reveal dominant differences between the CAOB and the northern margin of the
NCC; these regions are tectonically divided by the upper crustal Chifeng-Baiyan Obo fault,
which is expressed by an important geological boundary. In the middle and lower crust,
this tectonic boundary extends northward to the Xar Moron fault. Unexposed Mesozoic
granites may be distributed extensively in the mid-lower crust along the Solonker suture
zone. The local negative correlation characteristics of gravity and magnetic anomalies may
be related to the structural fabrics derived from the convergence of the two terrains.

Keywords: Central Asian Orogenic Belt, potential field data, tectonic boundary, deep structure, correlation
coefficient

1 INTRODUCTION

As the most representative region of Phanerozoic crustal accretion and transformation, the Central
Asian Orogenic Belt (CAOB) is an ideal laboratory to decipher continental growth, tectonics, and
geodynamics (Xiao et al., 2003; Windley et al., 2007; Xiao et al., 2009; Xu et al., 2013; Han et al.,
2017b). The CAOB extends from Kazakhstan in the west to eastern Siberia in the east, and is
interpreted as the tectonic boundary between the Siberian plate in the north and the Tarim-North
China Craton (NCC) in the south (Zonenshain, 1973; Zorin et al., 1993). As an accretionary collage
of microcontinents, island arcs, seamounts, ophiolites, and accretionary wedges (Windley et al., 2007;
Xu et al., 2013), it originated from the subduction, closure, convergence, and post-collisional
extension of the Paleo-Asian Ocean (Şengör et al., 1993; Xiao et al., 2003) (Figure 1). The NCC is
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bounded to the south and covers the intersection zone of the
Tethys, PAO, and Pacific Ocean tectonic domains, which are
extensively destroyed by the Mesozoic subduction of the western
Pacific slab (Gao et al., 2008).

As an ideal natural laboratory to decipher the tectonic
evolution of the CAOB, there is still controversy regarding the
tectonic origin of the geological transitional zone between the
CAOB and NCC; therefore, various integrated geophysical
profiles have been conducted to reveal its crustal lithospheric
structure over the past few decades, including a deep seismic
reflection profile (Zhang et al., 2014), a wide-angle reflection
profile (Wen-Hui Li et al., 2014; Ying-Kang Li et al., 2014), a
broadband seismic profile (Wei and Chen, 2012; Gong et al.,
2016; Zhang et al., 2018), and a magnetotelluric sounding profile
(Liang et al., 2015; Han et al., 2019). Moreover, owing to the long-
lived and complex tectonic process, the closure mode and
suturing location of the PAO are still debated (Tang, 1990;
Chen et al., 2000; Jin Yi Li, 2006; Jian et al., 2008; Han et al.,
2015; Han et al., 2017a; Zhou et al., 2018). As an effective tectonic
interpretation approach, gravity and magnetic exploration are
extensively conducted across northeast China to outline the fault
and tectonic domains. Dominated by Izanagi-Pacific subduction,
NE-NEE-striking tectonic lineaments are widely distributed
across northeast China, and the Xar Moron fault is mostly
interpreted as the northmost tectonic boundary between the
NCC and northeast China terrain (Zhang et al., 2010; Sun,
2013; Suo et al., 2015). However, little attention has been
given to the lithospheric gravity-magnetic structure of the
transition zone between such blocks, which tectonically
corresponds to the eastern portion of the CAOB. In this study,
we use newly processed high-resolution magnetic-gravity data to
image the deep structure of the eastern CAOB, which provides
upgraded geophysical constraints for deciphering the tectonic
origin and evolution of the northern margin of the NCC and the
eastern part of the CAOB.

2 REGIONAL GEOLOGICAL AND
GEOPHYSICAL SETTINGS

2.1 Geological Setting
Tectonically, the study area is located in the eastern part of the
CAOB and crosses the northern margin of the NCC and the
southern margin of the Siberian Craton. The Solonker suture in
the northern part of the study area, named by Şengör et al. (1993),
is an important structural component of the CAOB. It separates
the CAOB into two coeval orogenic systems with different
subduction polarities and these two orogenic belts close along
the Solonker suture (Şengör et al., 1993; Şengör, 1996; Chen et al.,
2000; Xiao et al., 2003; Jian et al., 2008; Xiao et al., 2009; Zhang
et al., 2014). The northern orogenic belt is divided into three
substructural units from north to south by the Chagan Obo fault
and Erenhot fault, namely, the Uliastai belt, the Hegenshan belt,
and the Baolidao belt. The southern orogenic belt is divided into
the Ondor Sum belt and Bainaimiao belt by the Xar Moron fault
(Xiao et al., 2003; Zhang et al., 2014). In the southern part of the
study area, the Chifeng-Baiyan Obo fault is considered the

boundary between the NCC and the CAOB (BGMRIM, 1991;
Chen et al., 2000; Xiao et al., 2003; Zhang et al., 2014). The NCC is
also divided into two substructural units by the Jining-Longhua
fault (or Shangyi-Gubeikou-Pingquan fault), namely, the Inner
Mongolia paleo-uplift and the Yinshan–Yanshan belt.

The NCC, which formed at 1.85 Ga (Zhao et al., 2011; Zhang
et al., 2014), is one of the oldest Precambrian cratons in the world.
It has an Archean to Paleoproterozoic basement and is covered by
unmetamorphosed Mesoproterozoic to Cenozoic overlying strata
(Zhao et al., 2011). The northern NCC basement rocks are largely
exposed and are intruded by igneous rocks derived from multiple
magmatic events (Zhang et al., 2014). The basement rocks are
mainly in south of the Baiyan Obo-Chifeng fault in our study
area. Li et al. (2019) suggested that the northern margin of the
NCC was located from Baiyan Obo to northern Huade during the
early Paleozoic, and migrated southward to the Guyang-Shangyi-
Longhua fault during the late Paleozoic.

In the northern orogenic belt region, the Hegenshan belt has
numerous outcrops of mafic-ultramafic complexes, which are
usually interpreted as ophiolitic rocks (Nozaka and Liu, 2002;
Xiao et al., 2003; Miao et al., 2008; Zhou et al., 2015; Pei et al.,
2016). However, Jian et al. (2012) suggested that the mafic-
ultramafic magmas all formed in the mantle and were
emplaced at crustal levels during the extension period. In the
western part of the belt, the Paleozoic strata were intruded by
Permian and Mesozoic granites which were largely exposed and
there was north-vergent thrusting and folding across the Erenhot
fault (Zhang et al., 2014). The Baolidao belt is located between
Sonid Zuoqi and Xilinhot, and its structure is dominated by a
north-dipping thrust system (Xiao et al., 2003; Xu et al., 2013). It
consists of variably deformed, metaluminous to weakly
peraluminous, hornblende-bearing gabbroic diorite, quartz
diorite, tonalite, and granodiorite (Chen et al., 2000).

The southern orogenic belt region reflects the Paleozoic
growth of the NCC (Jian et al., 2008). The Bainaimiao arc is
located between the Baiyan Obo fault and Xar Moron fault, and
formed from theMid-Ordovician to early Silurian. The formation
of the Bainaimiao arc was derived from the subduction polarity
flip in Inner Mongolia; and the arc is interpreted as an active
continental margin formed by the mixture of mantle-derived and
crustal rocks. The Ondor Sum belt to the north of the Bainaimiao
arc contains remnants of multiple subduction-accretion
complexes that range in age from the late Precambrian to the
mid-Paleozoic. During tectonic processes and accretion, the
original rocks were intensely shredded (Xiao et al., 2003).

2.2 Regional Physical Properties
Gravity and magnetic explorations are based on the density and
magnetism differences in rocks and ores, which yield relative
variations in anomalies on the observation surface. Therefore, it is
necessary to understand the magnetic and density characteristics
of rocks in this study area for the interpretation and inference of
potential field anomalies (Xiong et al., 2016). By collecting data
and measuring the physical properties of outcrop specimens,
Jiang et al. (2006) and Sun (2013) reported that the rock densities
in NE China were approximately 1.89 ~ 3.30 g/cm3. The large
density range reflects the complexity of rock densities and
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complex regional tectonic settings. The density of sedimentary
rocks is approximately 2.50 g/cm3, while metamorphic rocks
present a higher arithmetic mean of approximately 2.69 g/cm3.
The densities of the igneous rocks vary from 2.48 to 3.0 g/cm3.

In our study area, the sedimentary strata have either no or
weak magnetism (with a susceptibility less than 60 × 10−5 SI),
which is not enough to cause obvious magnetic anomalies.
Only the sedimentary strata enriched in ferromagnetic
minerals present strong magnetism. Generally, the
magnetism of metamorphic strata is stronger than that of
sedimentary strata. The basement of the sedimentary basin is
composed of metamorphic Paleozoic and pre-Paleozoic
marine sedimentary rocks, which have medium magnetism
(Jiang et al., 2006; Sun, 2013; Xiong et al., 2016). The granites
are widely distributed in the study area, and show multiple
magnetic anomaly features. The Cambrian, Carboniferous,
and Triassic granites and Paleogene basalts are characterized
by strong magnetism, while the Permian and Jurassic granites
present weak magnetism (Xiong et al., 2016; Guo and Yang,
2018).

3 DATA AND METHOD

3.1 Aerial Magnetic and Ground Gravity
Data
The gravity anomaly dataset, collected from the ChinaMinistry of
Natural Resources Regional Gravity Survey Technology Center,

includes ground Bouguer gravity anomalies with a scale of 1:
1,000,000, which is meshed with a gridding interval of
5 km × 5 km. The gravity anomaly values in this area are all
negative, ranging from −212 mGal to − 6.2 mGal. Figure 2A
reveals that the gravity anomaly values have obvious zoning
and directional characteristics. With the demarcation line
around latitude 42.5°N in the central part, the Eren Basin in
the northern region has short-wavelength relative gravity highs
with NE-trending distributions, while the southern area has
relative gravity lows with gentle amplitudes and nearly E-W-
trending distributions. In the Yinshan-Yanshan belt, the
anomalous values gradually increase from west to east, while
the maximum appears in the southeast corner.

With the increase in the upward continuation height (Figures
2B,C), the gravity anomaly variation tends to be gentle, resulting
from the high-frequency anomalies in the shallow crust being
stripped off; however, the regional anomaly characteristics are in
accordance with the features of the original gravity anomalies,
indicating that the gravity anomalies in this region are mainly
controlled by deep structures. As shown in the difference between
the upward continuation of the 10 and 40 km anomalies
(Figure 2D), after stripping off the anomalies in the shallow
and lower crust, this difference can be approximately interpreted
as a local gravity anomaly caused by the nonuniform distribution
of the density of the mid-lower crust. It is obvious that there is a
demarcation line of relative gravity highs and lows near latitudes
42°N ~ 43°N, which corresponds to the position of the Xar
Moron fault.

FIGURE 1 | (A) Location map of the study area and sketch map of the tectonic framework, which is modified from Zhou and Wilde (2013), Zhou et al. (2014). (B)
Topographic map of the eastern CAOB. The pink solid line from A to A′ is the deep seismic reflection profile location (Zhang et al., 2014), and the geological structure is
modified from Xiao et al. (2003); Zhang et al. (2014).
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The magnetic anomaly dataset with a scale of 1:1,000,000 was
collected from the China Aero Geophysical Survey and Remote
Center for Natural Resources (AGRS) and was meshed with the
gridding interval of 5 km × 5 km (Figure 3A). As is known, it is
necessary to carry out the procession of reduction to the pole
before interpreting and analyzing aeromagnetic anomalies to

reduce the influence of geomagnetic field oblique
magnetization on anomaly morphology. Due to the large
range of the study area, it is inaccurate to calculate the
reduction to the pole by using a single geomagnetic
declination and inclination. Therefore, we adopted an RTP
data processing approach with variable inclination (Arkani-

FIGURE 2 | (A)Map of ground Bouguer gravity anomalies in this study. The warm red and cool blue colors depict gravity highs and lows, respectively. Map
of gravity anomalies after an upward continuation of 10 km (B) and 40 km (C). (D) Map of the residual gravity anomaly after upward continuation from 10 to
40 km.
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Hamed, 1988) of aeromagnetic data by GeoProb (AGRS), an aero
geophysical data processing system.

The reduction to the pole (RTP) aeromagnetic anomaly contour
(Figure 3B) shifts northward overall, reducing the influence of the
oblique magnetization of the geomagnetic field. Moreover, the
contour also shows obvious zoning characteristics. North of
latitude 42°N, a magnetic high belt crosses over the central part

of the study area; and this crossover might be related to the exposed
granodiorite, Cretaceous volcanic rocks and late Mesozoic
granitoid pluton in this region. The anomalies of Permian
granite and early-middle Paleozoic granite (Tong et al., 2010)
that are largely exposed south of latitude 42°N are characterized
as magnetic lows. The Eren Basin region is largely covered by
Cenozoic sedimentary strata, where the anomaly presents negative

FIGURE 3 | (A) Map of the aeromagnetic anomalies in this study. The warm red and cool blue colors depict magnetic highs and lows, respectively. (B)
Aeromagnetic anomalies of reduction to the pole (RTP). Map of aeromagnetic anomalies after an upward continuation of 10 km (C) and 40 km (D).
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values and where a small range of NE-trending magnetic high belts
are distributed, which are controlled by the NE-trending regional
faults. The regional magnetic lows may be related to crustal
thinning resulting from extensional tectonic setting. Along the
northern margin of the Eren Basin, there is a wide range of NE-
trending high anomalies north of Sonid Zuoqi and Xilinhot that
may be related to the Hegenshan ophiolite belt and the granite in
the Uliastai belt (Tong et al., 2010). In the southern part of the
study area, positive and negative anomalies are alternately
distributed, without obvious orientation, indicating that this
region experienced complex tectonic evolution processes and
magmatic activities. The large range of magnetic highs, located
in the south from Huhhot to Ulanqab and Zhangjiakou, is mainly
the long-wavelength anomaly. With the increase in the upward
continuation height, the amplitude of the anomaly gradually
becomes gentle and the anomalies in the study area present
high-low-high regional features from north to south
(Figures 3C,D).

3.2 Aerial Magnetic and Ground Gravity
Data Processing
3.2.1 Improved Potential Field Normalized Differential
Method
Identification of boundaries in gravity and magnetic data is of
great importance for potential field data processing and can fully
develop the advantages of the high lateral resolution of potential
field data and provide an important basis for regional geological
structure inference and interpretation. Wang et al. (2013)
proposed the potential field normalized differential edge
detection method to improve the boundary recognition
accuracy of potential field sources. The anomaly gradient belts
of the second-order normalized differential method are in good
accordance with the boundaries of the model bodies and the
known fault structures via model testing and field data
processing. Moreover, this processing approach with a smaller
differential radius has a high resolution for structural boundary
detection, while with a larger, it can effectively robust noise and
identify large-scale geological structures.

It is assumed that the potential field anomaly f(x, y, 0) is
obtained on the observation surface, and the second-order total
differentialA2 and the second-order normalized differentialD2 of
the anomaly can be expressed as follows (Wang et al., 2013):

A2 �
���������������
f
2(2)
x + f

2(2)
y + f

2(2)
z

√
, D2 � f(2)

z

A2
, (1)

where, f(2)
x , f(2)

y , and f(2)
z are second-order differential

operators in three directions. In this study, the second-order
total differential A2 is improved to let

A2n �
��������������������
f
2n(2)
x + f

2n(2)
y + f

2n(2)
z + k2n

√
, n � 1, 2, 3/. In the formula,

when n gradually increases, the anomaly gradient belt becomes
tighter, while the introduction of k prevents singularities from
appearing around the anomaly gradient zone. To reduce the
influence of k and avoid the occurrence of singularities, the
constant k value is 0.1 during the calculation. The improved
second-order normalized differential can be expressed as:

D2n � f(2)
z

A2n
� f(2)

z��������������������
f
2n(2)
x + f

2n(2)
y + f

2n(2)
z + k

2n
√ , (2)

We intercepted some gravity and magnetic anomaly data in
this study area, adopted the improved second-order potential
field normalized differential approach on the field dataset, and
let n � 3. Figure 4 illustrates that the anomaly gradient belts of
the improved method are more tightened and some redundant
information is removed. The lineament structure
identification result is clearer which improves the
recognition accuracy and depiction ability of this method
for potential field boundaries.

3.2.2 Analytical Signal Amplitude Method
To obtain more abundant anomaly information and enhance the
credibility of the interpretation results, we processed the gravity
and magnetic anomaly data by the analytical signal amplitude
(ASA) method (Nabighian, 1972; Nabighian, 1984; Roest et al.,
1992). The three-dimensional ASA of the potential field data M
can be expressed as

ASA �

������������������������(zM
zx

)2

+ (zM
zy

)2

+ (zM
zz

)2

√√
, (3)

The ASA method detects the edge of the geological body or
structure by using the maxima position of the contours, which is
suitable for the edge detection of gravity and magnetic anomaly
data processing. This approach is independent of magnetization
directions for two-dimensional anomalies (Nabighian, 1972; Li et
al., 2006).

3.2.3 Correlation Analysis of Gravity and Magnetic
Anomalies
The gravity and magnetic internal correspondence analysis (ICA)
method based on Poisson’s theorem (Chandler, et al., 1981; Liu,
1985), using a moving window to calculate the correlation
coefficient between the vertical first derivative of the gravity
anomaly and the RTP magnetic anomaly, is a qualitative and
semiquantitative research method for the inference and
interpretation of potential field sources. Generally, the contour
transition belts of the correlation coefficients correspond to the
boundaries of geotectonic divisions, and the areas with gentle
variation contours correspond to tectonic units. The area with a
stable crustal structure usually presents a negative correlation of
regional long-wavelength gravity and magnetic anomalies. The
gravity lows and magnetic highs indicate crustal thickening and
the deep burial depth of the Curie surface. In contrast, the gravity
highs and magnetic lows manifest as crustal thinning and shallow
burial depth of Curie surface. A positive correlation occurs when
the crust contains low-speed, low-density, and low-resistivity
bodies (or high-speed, high-density, and high-resistivity
bodies). A gravity anomaly is irrelevant with a magnetic
anomaly on the condition that they are derived from different
potential field sources (Yin et al., 1999). In this study, the
correlation coefficients of gravity and magnetic anomalies with
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different upward continuation heights of 5, 30, and 50 km are
calculated to obtain the structural characteristics at the crustal
scale in the study area.

4 RESULTS

The improved potential field normalized differential edge
detection method has a high resolution of lineament structure
identification, while the ASA method locates the position of the
potential field source effectively. Therefore, it is helpful to obtain
reliable tectonic structure information by comprehensively
analyzing the interpretation results of these two approaches.
Figures 5A,B illustrate the edge detection results of the gravity
anomaly, which show that the fault structures also have
significant zoning and directional characteristics. The Jining-
Longhua fault in the southern region, which acts as a dividing
line, separates different types of lineament structures and
different scales of anomaly sources. On the southern side, the
Yinshan–Yanshan belt presents long-wavelength anomaly
characteristics with no obvious direction and massive
distribution where the Archean basement rocks are largely
exposed. On the northern side, there is a series of bead-shaped
anomalies that are nearly E-W-trending and distributed in the
Inner Mongolia paleo-uplift (Figure 5A), which may be related to
Permian granites with weakmagnetism. The anomaly contours of
these structures are divergent, indicating their relatively small
scale and shallow burial depth. The part of the Chifeng-Huade
deep major fault in this region is the middle segment and its
influence depth reaches only into the basement, which is a
property of a major fault (BGMRIM, 1991). Therefore, in the
processing results of the two methods, the location of the Chifeng
fault in the literature (Xiao et al., 2003) is not clear. In general,
there are similar anomaly characteristics of the Bainaiiao arc and
the Inner Mongolia paleo-uplift, which is situated between the
Jining-Longhua fault and the Xar Moron fault. In the northern

region, the lineament structures of the Eren Basin have a
significant NE-trending distribution, which is controlled by
deep tectonic structures in the NE direction. Due to the large
range of basalts exposed between Sonid Zuoqi and Xilinhot, the
continuity of the faults in this region is destroyed, but the overall
tracking and identification results for the Xar Moron fault,
Xilinhot fault, and Erenhot fault are effectual.

In the edge detection results of the magnetic anomaly (Figures
5C,D), there is also an anomaly zoning feature similar to the
gravity anomaly. A large range of magnetic highs are distributed
south of the Jining-Longhua fault without obvious directions,
caused by the large amount of exposed Archean basement rocks.
In contrast, there are short-wavelength anomalies situated in the
eastern part of the Bainaimiao arc and the Inner Mongolia paleo-
uplift. In the central part, a magnetic high belt is located near the
Xar Moron fault and Chifeng fault and is approximately 35 km in
width. From west to east, the trend of this belt changes from
NWW to NEE, which may be related to the exposed granodiorite,
and igneous rock, etc. In the Eren Basin, it is partly covered by a
desert in which a large number of magnetic lows are distributed.
In Figure 5D, there is almost no obvious anomaly information in
the Eren Basin, while in Figure 5C a series of small-scale NE-
trending anomalies appear in the Baolidao belt and Solonker belt.
The Hegenshan complex belt between the Erenhot fault and
Chagan Obo fault shows a large range of magnetic highs, which
may be caused by the complex rock composition in this region
and the exposed ophiolite (Miao et al., 2008; Zhou et al., 2015; Pei
et al., 2016).

Figure 6 is the correlation coefficient between the Bouguer
gravity anomaly and the RTP magnetic anomaly with upward
continuation heights of 5, 30, and 50 km, of which the calculation
window width is 50km × 50km. Figure 6A illustrates the
structure of the crystalline basement and part of the upper
crust and the anomaly transition belt corresponds to the
boundaries of different tectonic units (Yin et al., 1999). The
Bainaimiao arc, acting as an important boundary with a nearly

FIGURE 4 |Comparison of the effects of the second-order potential field normalized differential method before (A) and after (B) improvement on the local Bouguer
gravity anomaly in the study area. The warm red and cool blue lines depict highs and lows, respectively. Application effects of the method before (C) and after (D)
improvement on the local magnetic anomaly.
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NE-trending distribution, separates different anomaly patterns in
the northern and southern regions. The western part of the
Bainaimiao arc shows an obvious positive correlation; and
simultaneously, the northern and southern boundaries of this
positive correlation region correspond to the western section of
the Xar Moron fault and the Chifeng fault. The eastern part of the

Bainaimiao arc gradually transitions into a weak correlation,
which has a certain similarity with the anomaly features of the
eastern part of the Ondor Sum belt in the north. Furthermore, the
Chifeng fault is located in the anomaly transition zone of the
negative correlation anomalies on both sides of it, which could be
regarded as the boundary between different anomaly features of

FIGURE 5 | Processing results of the Bouguer gravity anomaly (A) and RTP aeromagnetic anomaly (C) via the improved potential field normalized differential
method (with a differential radius of 30 km). The warm red and cool blue colors indicate the highs and lows, respectively. Processing results of the Bouguer gravity
anomaly (B) and RTP aeromagnetic anomaly (D) via the ASA method. The black dashed lines are the faults in this area.
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the northern and southern areas in the upper crust. At the northern
margin of the NCC, most areas are mainly negative correlations,
during which several small-scale weak positive anomalies are
interspersed without fixed directions. Moreover, there is a
similarity in the anomaly features between the Yinshan–Yanshan
belt and the Inner Mongolia paleo-uplift regions. In the northern
region, the main feature of the Eren Basin is the positive correlation
with a NE-trending distribution. The anomaly feature of the middle-
lower crust is similar to that of the upper crust, preserving the zoning
and directional characteristics (Figure 6B). The eastern section of the
Bainaimiao arc shows a positive correlation, which is connected with
the positive correlation region with a N-S-trending distribution in the
southeast, and has a certain similarity with the anomaly in the south.
The Xar Moron fault is located in the transition zone of positive and
negative anomalies on different sides and can be regarded as the
boundary between different anomaly features in the middle-lower
crust. In addition, there is a wide range of positive correlations
between the Solonker belt and the Baolidao belt, mainly in the NE
direction. In the crust-mantle transition zone, the anomaly features of
the Bainaimiao arc have affinities with those in the northern margin
of the NCC, showing weak correlation characteristics (Figure 6C).
The Baolidao belt manifests as a positive correlation controlled by the
Erenhot fault and the Xilinhot fault.

5 INTERPRETATION

To conduct a comprehensive interpretation of the potential field
anomaly of the profile, we analyzed the results of the deep seismic
reflection and the magnetotelluric sounding explorations of the
same survey line. Figure 7A illustrates the correlation coefficient
of the gravity and RTP magnetic anomalies along the profile with
different upward continuation heights. The correlation coefficient
curves of the Uliastai belt, Bainaimiao arc, Inner Mongolia paleo-
uplift, and Yinshan–Yanshan belt are relatively simple, showing

the same variation in the anomaly curves at different depths. In
the CAOB region between the Chagan Obo fault and Xar Moron
fault, the curve changes substantially, indicating that this area has
complex rock compositions and has experienced multistage
tectonic evolution processes.

There is a correlation coefficient curve mutation belt near
CMP15500 that is interpreted as the position of the Chifeng fault,
which is not exposed in the seismic profile and is characterized as
the gradient belt of the high- and low-resistivity bodies in the
magnetotelluric sounding results (Figures 7B,C). In the shallow
crust, the anomaly features north of the Chifeng fault are similar
to those in the southern margin of the CAOB and the anomaly
characteristics south of the Chifeng fault are similar to those in
the northern margin of the NCC. In the CAOB range, there are
three regions with anomalous features of concave negative
correlations, namely, the Erenhot fault, the Ondor Sum belt,
and the area between the Chifeng fault, and Kangbao ductile
shear zone. The negative correlations of gravity highs and
magnetic lows in these three regions are all interpreted as high
conductors in the electrical structure profile. Moreover, the
correlation of the shallow crust in the Ondor Sum belt
between the Xar Moron fault and the northern area of the
Linxi fault is opposite to that of the mid-lower crust,
indicating that there is a vertical crustal layered structure at
the crustal scale of the Ondor Sum belt. There are two local
convex positive correlation regions of gravity and magnetic highs
along the profile corresponding to the Solonker suture zone and
the Bainaimiao belt; and both have electrical features of high
resistivity.

6 DISCUSSION

The gravity and magnetic anomalies in this study area have
obvious zoning and directional features. The anomaly

FIGURE 6 | Contour maps of the ICA correlation coefficient of gravity and RTP magnetic anomalies with upward continuation heights of (A) 5 km, (B) 30 km, and
(C) 50 km. The black solid line is the deep seismic reflection profile position of the SinoProbe project (Zhang et al., 2014). Warm red and cool blue indicate correlation
highs and lows, respectively. The black dashed lines are the faults in this area.
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morphology is dominated by deep structures and the anomalies
have crustal-scale anomaly characteristics. The northern margin
of the NCC and the southern margin of the CAOB have different
gravity and magnetic anomaly features and the Bainaimiao belt is
an important boundary region of different anomalies. In the
northern part of this belt, the anomalies are mainly NE and NEE-
trending distributions, which may be related to the NW directed
compression caused by the subduction of the Pacific plate (Tu
et al., 2006). In the south, the anomalies are nearly EW-trending
or have no fixed directional distribution, which may be related to
the northern margin of the NCC experiencing intensive tectonic
deformation, magmatic and volcanic activities, and synorogenic
sedimentation during the Yanshanian tectonic movement (Song,
1999). The Chifeng-Baiyan Obo fault in the shallow crust is the
boundary between different potential field anomaly features and
it is also the transition belt of the gravity and magnetic correlation
coefficient contours. The fault developed significantly in the mid-
late Proterozoic and Paleozoic and the tectonic activity was
strong. The influence depth of this fault segment reached only
the basement (BGMRIM, 1991). The upper crustal Chifeng-
Baiyan Obo fault is the tectonic boundary, which is consistent
with the crustal velocity structure revealed by the seismic wide-
angle reflection profile (Wen-Hui Li et al., 2014), the deep
electrical structure revealed by magnetotelluric sounding
(Liang et al., 2015), and the tectonic boundary obtained by the
distribution of Archean-early Proterozoic rocks (Xiao et al.,

2003). In the mid-lower crust, there are some differences in
the features of gravity and magnetic anomalies between the
north and south sides of the Xar Moron fault and it is also
the transition belt of the correlation coefficient contours. The
gravity and magnetic anomaly features in the eastern part of the
Bainaimiao arc in the mid-lower crust are different from those in
the CAOB but are more similar to those along the southern
margin of the NCC.Moreover, the residual gravity anomaly of the
middle-lower crust (Figure 2D) and the magnetic anomaly
upward continuation results (Figures 3C,D) show that the
anomaly characteristics south of the Xar Moron fault are
similar to those of the northern margin of the NCC.
Therefore, we infer that the northern margin of the NCC may
extend northward to the Xar Moron fault in the deep crust, which
is comparable with the deep seismic reflection profile results
(Zhang et al., 2014).

The gravity and magnetic anomaly features of the Mesozoic
granitoid pluton outcrops exposed in the Bainaimiao belt are
characterized by regional positive correlations and show gravity
and magnetic highs, corresponding to the large scale of high-
resistivity bodies on the surface in the electrical structure profile
of the same survey line (Liang et al., 2015). There are also massive
high-resistivity bodies in the middle-lower crust of the Solonker
suture belt (Liang et al., 2015), and its gravity and magnetic
correlation also show a positive correlation between gravity and
magnetic highs. Therefore, we speculate that the strong positive

FIGURE 7 | (A) Profile of the ICA correlation coefficients of gravity and the RTP magnetic anomalies along the deep seismic reflection profile, with different upward
continuation heights of 5 km (green line), 30 km (blue line), and 50 km (red line). The black dashed line is the zero line. (B) Major crustal structures revealed from the
SinoProbe deep seismic reflection profile (Zhang et al., 2014). (C) Interpretation of the electrical structural model of the same profile (Liang et al., 2015). The numbers
along the horizontal axis in maps (A) and (B) are CMPs, and those in map (C) are distances.
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correlation of the gravity and magnetic anomalies in the middle-
lower crust of the Solonker suture belt is caused by the concealed
large-range Mesozoic granitoid pluton.

The gravity and magnetic anomaly correlation in the upper
crust and deep crust of the Ondor Sum complex belt has opposite
positive and negative properties and opposite trends, indicating
that there is an anomalous stratified structure between the upper
crust and the deep crust. The result of the first arrival
tomographic imaging of the upper crust and the whole crustal
velocity structure along the same survey line show that the
velocity of the upper-middle crust changes substantially and
the overall velocity of the middle-lower crust is low (Wen-Hui
Li et al., 2014), indicating that there is also a stratified feature of
the velocity structure. The influence range of this feature is from
the Xar Moron fault to the northern Linxi fault, which is
consistent with the structure revealed by the deep seismic
reflection profile, in which the middle-lower crust of the
Ondor Sum complex belt is inserted northward under the
Solonker suture belt. The magnetotelluric sounding results
show that there is a high conductivity layer in the middle-
lower crust (Liang et al., 2015), and there are crocodile
reflections in the middle crust of the Ondor Sum belt in the
deep seismic reflection profile, indicating that crustal shortening
exists in this area (Zhang et al., 2014). Therefore, we infer that the
negative correlation anomalies caused by gravity highs and
magnetic lows in the middle and lower crust of the Ondor
Sum belt may be related to the compressional structure caused
by plate convergence. The Ondor Sum complex belt is mainly
composed of ophiolites, accretionary complexes, and high-
pressure metamorphic rock belts, which contain multiple
remnants of subduction accretionary complexes. The complex
belt has experienced a complex tectonic evolution process of
accretion, convergence, and extension since the early Paleozoic
(Xiao et al., 2003), which causes this region to have complex
material compositions and structural characteristics.

The Erenhot fault and the reflection structures near it are
approximately parallel to each other, forming a south-dipping
thrust structure. There are also high conductors in the middle-
lower crust in this area (Liang et al., 2015). The local concave
feature of the correlation curve is characterized by gravity highs
and magnetic lows, which may be caused by the rocks in the
fracture zone accompanying the fracture. The correlation curve
between the Chifeng fault and Kangbao ductile shear zone is also
negatively correlated with the local concave feature, which shows
gravity highs and magnetic lows. The high conductor in the lower
crust also has a certain scale, and the strong reflective boundaries
in the deep seismic reflection profile are characterized by concave
compression in this region. These physical and structural features
reflect the structural characteristics generated by the convergence
of the northern margin of the NCC and the southern margin of
the CAOB.

7 CONCLUSION

Using the potential field processing of the conventional method
and the improved method for the magnetic-gravity anomaly, we

obtained the features of the gravity and magnetic anomalies at
different scales, lineament structure characteristics, and gravity and
magnetic correlation coefficients at the crustal scale in the northern
margin of the NCC and the southern margin of the CAOB, and
compared and analyzed the key crust-scale structures previously
revealed by the deep seismic reflection profile. The gravity and
magnetic anomalies across the eastern CAOB have obvious
zoning and directional features. The gravity and magnetic
anomalies in the southern margin of the CAOB are mainly
oriented to the northeast, while the gravity and magnetic
anomalies in the northern margin of the NCC are mainly
east–west-striking or without fixed directions. The gravity-
magnetic correlation analysis shows that the anomalous curve of
the CAOB is more intense than that of the northern margin of the
NCC, which indicates that the CAOB has experienced a complex
tectonic evolution process. The geophysical lineaments are revealed
by using the improved potential field normalized differential method,
which effectively improves the detection accuracy, and depiction
ability of the potential field boundary. It is inferred that the Chifeng-
Baiyan Obo fault in the upper-middle crust is an important tectonic
boundary between the CAOB and the NCC, and the boundary in the
middle-lower crust may skew northward to the Xar Moron fault
region. The local uplift and concavity of the correlation curve
corresponds well to the location of the granitoid pluton
distributed along the profile. Speculatively, there may be a large
unexposed Mesozoic granitoid pluton distributed in the middle-
lower crust of the Solonker suture belt. The negative correlation of the
gravity andmagnetic anomalies may be related to the tectonic fabrics
derived from the N-S convergence of the CAOB and NCC.
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