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A B S T R A C T   

This study imaged the crustal structure and tectonic state of the interacting North China Craton (NCC) and 
Central Asian Orogenic Belt (CAOB) using receiver function imaging. The seismic profile derived from the NCISP- 
10 broadband seismic array spanning a northeasterly area of the NCC and a southeasterly area of the CAOB. The 
profile shows a flat Moho with localized anomalies but generally resting at an average depth of 32 km. The 
average Vp/Vs ratio was about 1.75 but the crust around the Songliao Basin exhibits a relatively high Vp/Vs ratio 
and a shallow Moho. An obvious velocity discontinuity appears within the crust beneath the Songliao Basin as 
evidenced by theoretical model tests which managed effects from multiple waves generated by sedimentary 
layers in the basin. This discontinuity inclines gently and is interpreted to represent the deep extension of the 
Chifeng-Kaiyuan fault (CKF), which itself serves as the surface boundary between the NCC and CAOB. The NCC 
feature appears to the south of this boundary, while a nappe structure formed during subduction-collision and 
composed primarily of a subduction-accretionary complex lies to the north. The Tanlu Fault consists of two 
branches in the study area, the Yilan-Yitong fault (YYF) and the Dunhua-Mishan fault (DMF). The YYF cuts 
through the Moho and has a vertical offset of 2–3 km indicating that it represents a crustal-scale normal fault. 
The DMF gives no obvious indication of vertical offset in the images but may be mainly characterized by sinistral 
strike slip movement.   

1. Introduction 

Cratons and orogenic belts are first-order tectonic units that make up 
the Earth’s lithosphere. As ‘welds’ between cratons, orogenic belts join 
different blocks into a broader continent. The North China Craton (NCC) 
is one of the oldest cratons in the world (Santosh et al., 2009; Tang et al., 
2016). The Central Asian Orogenic Belts (CAOB) to its north represents 
one of the largest paleo-accretionary orogenic belts in the world and an 
area exhibiting some of the most significant crustal growth observed 
among Phanerozoic bodies (Kröner et al., 2014; Liu et al., 2017; Wilde, 
2015). The CAOB formed due to two-way, asymmetric accretion 
wherein southward accretion establishes a subduction-accretionary 
complex that covers a much wider area than that formed by 

northward accretion. The Solonker-Xilamuren-Changchun-Yanji suture 
joins the two accreted margins (Liu et al., 2017; Wu et al., 2007; Xiao 
et al., 2003). 

Studies have shown that northern margin of the NCC resembles an 
Andean-type continental margin which experienced long-term or multi- 
stage modification by southward subduction of the Paleo-Asian Ocean 
plate beneath the NCC (Xiao et al., 2003; Xiao et al., 2015; Zhang et al., 
2007; Zhang et al., 2009). Consequently, better understanding of 
structural interactions between the NCC and CAOB can help resolve the 
evolution of the CAOB and inform models of continental formation and 
growth. The deep boundary between the NCC and CAOB remains an area 
of significant uncertainty. While general consensus holds that the 
Chifeng-Kaiyuan fault (CKF) represents the surface boundary between 
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the NCC and CAOB (Fig. 1; Xiao et al., 2003; Zhang et al., 2014), very 
little evidence exists for this interpretation due to Cenozoic sedimentary 
cover obscuring the fault. Other characteristics of the boundary at depth 
remain unclear as well, and few geophysical studies have addressed 
these areas of uncertainty. 

This study used broadband seismic data from Kuandian County, 
Dandong City, Liaoning Province to Tongliao City, Inner Mongolia 
(NCISP-10 in Fig. 1) to perform receiver function imaging of crustal 
structure. Results elucidate the deep boundary between the NCC and the 
CAOB. 

2. Geological background 

The NCC is the oldest craton in China. It is wedge-shaped and bound 
by three Phanerozoic orogenic belts. The CAOB (the eastern section) lies 
to the north, the Qinling-Dabie-Sulu orogenic belt lies to the south, and 
the western Pacific subduction zone lies to the east (Meng and Zhang, 
2000; Wu et al., 2020, 2021). Structural and other aspects of the 
orogenic belts indicate that eastern sections of the CAOB and Qinling- 
Dabie-Sulu belt were conjoined with the eastern part of the NCC but 
were then transformed by subduction of the western Pacific to become 
an active continental margin. 

The study area addressed herein spans the northeastern part of the 
NCC and the southeastern edge of the CAOB. The basement of the NCC in 
the study area consists of Archean to Paleoproterozoic metamorphic 
rocks, overlying Mesoproterozoic to Early Paleozoic (Cambrian-Ordo
vician) marine sedimentary strata, Carboniferous-Permian alternating 
marine-continental sedimentary units, and Mesozoic volcanic- 
sedimentary strata deposited in fault basins (Santosh et al., 2009; 
Tang et al., 2016; Yang et al., 2016; Zhai and Santosh, 2013; Zhao et al., 
2005; Zhao and Zhai, 2013). 

The CAOB (eastern section) formed from the closure of the Paleo- 
Asian Ocean between the NCC and the Siberian Craton. Present 
consensus holds that the Xar Moron River suture zone located along the 
north side of the NCC represents the final suture zone of the Paleo-Asian 

Ocean. During the Paleozoic, the Paleo-Asian Ocean plate subducted 
beneath the NCC to form an Andean-type continental margin along the 
northern edge of the NCC (He et al., 2021; Windley et al., 2007; Xiao 
et al., 2003, 2015; Zhang et al., 2014). In the Early to Middle Triassic, 
collision of the southern accreted margin of Siberia (southern Mongolia) 
and the Andean-type northern margin of the NCC formed large-scale 
nappe structures representing thrusting of subduction-accretionary 
materials over the NCC (Zhang et al., 2014). 

Since the Early Cretaceous, the Pacific plate has subducted down
wards beneath the Asian continent to form extensive intermediate acid 
magmatism and related large-scale igneous rocks throughout the eastern 
NCC and CAOB. A series of extensional basins and metamorphic core 
complexes also formed during this interval. Westward subduction of the 
Pacific plate is considered to be the main controlling factor for Mesozoic 
lithospheric thinning and destruction of the craton around north and 
northeast China (Chen et al., 2008; Lei and Zhao, 2005, 2006; Wu et al., 
2005; Zhang et al., 2012, 2014, Zhu et al., 2012, 2015; Meng et al., 
2021). The NCC and eastern sections of the CAOB thus bear evidence of 
Mesozoic magmatism, metamorphic core complex formation, and other 
major crust forming events, but the images at depth remain uncertain. 

3. Data and method 

The seismic observation data used in this paper came from 38 
broadband seismic stations deployed by the Key Laboratory of Earth and 
Planetary Physics, Chinese Academy of Sciences in Liaoning Province. 
The profile extends from southeast to northwest, starting from Kuandian 
County, Dandong City, Liaoning Province and ending at Tongliao City, 
Inner Mongolia. The inter-station spacing in Liaoning Province is about 
10 km, and that in Inner Mongolia is about 15 km. This gave sufficient, 
high quality data for a profile reaching a total length of nearly 400 km 
(Fig. 1). Data collection spanned about 21 months from October 2016 to 
July 2018. 

Receiver functions represent time series containing the wave prop
agation response of the medium beneath the station. The response is 

Fig. 1. Location, geological structure, and station 
distribution for the study area. The red triangles 
represent stations. The blue circles in upper inset 
represent effective seismic events at 30 − 90◦

epicentral distance from the study area. SLB: 
Songliao basin; FKU: Faku uplift; TLF: Tanlu 
Fault; CKF: Chifeng-Kaiyuan fault; YYF: Yilan- 
Yitong fault; DMF: Dunhua-Mishan fault; EB: 
Erguna block；XB: Xing’an block; SB: Songliao 
block; JB: Jiamusi block; LT: Liaoyuan terrane； 
NCC: North China Craton; CAOB: Central Asian 
Orogenic Belt; BA: Bainaimiao Arc. (For inter
pretation of the references to colour in this figure 
legend, the reader is referred to the web version 
of this article.)   
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detected by deconvolving the vertical component from the radial (or 
tangential) component recorded by the near-vertical incident tele
seismic signal in the time domain. This paper used teleseismic events at 
epicentral distances of 30̊-90̊ from the study area. The event records 
were subjected to 0.01–5 Hz band-pass filtering and then used to 
calculate the radial receiver function of teleseismic P waves. Deconvo
lution used an iterative time-domain deconvolution proposed by 
Ligorría and Ammon in 1999 (Ligorrfa and Ammon, 1999). A Gaussian 
filter with a coefficient of 5.0 was used to filter receiver functions. A 
total of 2399 receiver functions of sufficient quality were selected to 
optimize the signal-to-noise ratio of the stacking signal (Fig. 2 as an 
example). 

The H-κ stacking technique was used to determine crustal thickness 
(H) and Vp/Vs ratio (κ) in the subsurface beneath a given station (Zhu, 
2000a, 2000b). This research used an H search range of 20–60 km and 
step size of 0.1. The κ search range of 1.5–2.0 used a step size of 0.01. 
The weights of three seismic phases (Pms, Ppps, Ppss&Psps) were 0.5, 
0.3, and 0.2 respectively. Better signals received higher weights (Fig. 3). 

We also carried out common conversion point (CCP) stacking of 
images. This method varies grid size and background velocity model to 
optimize resolution, image intensity and image accuracy. The horizontal 
grid size was set to 5 km, and the vertical grid size was set to 1 km. The 
background velocity model refers to the ambient noise results of the 
same profile and derives separately for each station. For stations above 
major sedimentary cover, we used the H-β method (Tao et al., 2014) and 
the Horizontal-to-Vertical Spectral Ratio (HVSR) method (Bao et al., 
2018) to determine the thickness and velocity of the sedimentary layer. 
The H-β method can obtain the velocity and thickness of the layers by 
minimizing the S wave energy flux from the half space to the layers, 
since the upgoing S wavefield is absent in the half-space. The HVSR 
method extracts the frequency responses of the seismic impedance be
tween the sediment and the basement, further inverts for the S wave 
velocity. The two methods helped resolve the background velocity 

model. 
The northeast part of the study area represents southerly areas of the 

Songliao Basin which host thick Mesozoic cover at the surface. Receiver 
functions calculated following the above methods included multiple 
waves from sedimentary cover that mask phases representing deeper 
crustal structure. To discern real phases from multiples, we modeled 
major signals and multiples under interference generated by sedimen
tary cover. Different velocity models were also used to calculate the 
theoretical receiver function. The real velocity structure was determined 
by comparing theoretical results with observations. We also used a 
resonance removal filter to remove the influence of multiples (Yu et al., 
2015). The basic steps of this process were as follows. First, the receiver 
function affected by sedimentary cover was subjected to autocorrelation 
to determine the strength and two-way travel time for multiples. The 
two parameters were then used to define a specific filter in the frequency 
domain. The receiver function was then filtered to eliminate the influ
ence of the multiple. 

4. Receiver function imaging results 

4.1. Characteristics of crustal structure 

Calculation of receiver function (Figs. 2 and 4), CCP imaging (Fig. 5) 
and H-κ stacking (Fig. 6) revealed the Moho depth and lateral variation, 
average crustal Vp/Vs ratio, and the major intracrustal discontinuities 
within the study area. 

The Moho specifically rests at an average depth of about 32 km, 
where it forms a relatively flat feature with a maximum depth difference 
of about 4–5 km. Beneath the JLJB in the southeast, the Moho appears at 
greater depths of about 34 km. In the Tanlu Fault Zone between the YYF 
and the DMF, the Moho appears shallower with its shallowest depth 
being less than 30 km. Recent studies have also shown this feature of 
Moho (Zhang et al., 2020; Yang et al., 2019). Beneath the Songliao 
Basin, Moho phase arrival time in receiver functions indicates a deeper 
Moho. This result is influenced by the velocity model selection in the 
time-depth conversion process and low velocities associated with the 
sedimentary layer beneath the basin, so that clarification would require 
more accurate sedimentary P- and S-wave velocities as inputs to CCP 
stacking steps. We used the H-β method (Tao et al., 2014) and the 
horizontal-to-vertical spectral ratio method (Bao et al., 2018) to 
constrain the thickness and velocity of the sedimentary layer. We then 
applied this in time-depth conversion steps to obtain a relatively accu
rate Moho depth estimate of about 30–33 km beneath the Songliao Basin 
(Fig. 5). 

The 38 stations of the array gave an average Vp/Vs ratio of about 
1.75, which showed little change throughout the study area. In the 
southeast of the study area, the JLJB’s wave velocity ratio showed only 
minor lateral variation. The junction of the LGB showed more obvious 
change, which may relate to the formation of the orogenic belt and 
magmatic activity. The Tanlu Fault Zone between the YYF and the DMF 
exhibited a low Vp/Vs ratio anomaly. This may reflect magmatic activity 
controlled by major faults in the region. To the northwest, a higher Vp/ 
Vs ratio appears beneath the Songliao Basin. The transition from low to 
high Vp/Vs ratio occurs in a southeast to northwest direction. A gradual 
feature like this may reflect the gradual decrease of cratonic components 
along the contact zone between the NCC and CAOB (Fig. 6a). The use of 
the H-β method in querying low-velocity characteristics of the sedi
mentary layer lend credibility to the Vp/Vs ratio and Moho depth 
estimates. 

The Tanlu Fault is one of the largest faults in the eastern part of 
Eurasia, and its branch, the YYF, affects the Moho interface. This sug
gests that Tanlu Fault is a deep feature that cuts through the Moho, or a 
crustal-scale fault. The DMF shows no obvious evidence of cutting and 
displacing the Moho in the profile (Fig. 5). 

Fig. 2. (a) and (b) show stacking receiver functions of stations 17 and 33; (c) 
and (d) are the effective receiver functions calculated for the two stations, 
respectively. Station 33 is located within the Songliao Basin, affected by sedi
mentary layer, while station 17 is not. 
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4.2. Character of discontinuities in the crust 

The Songliao Basin crust exhibits a strong positive seismic phase. The 
CCP images show this feature within the middle and lower crust (Fig. 5- 
d1). Stacked receiver functions of each single station indicate it likely 
extends from the surface to the Moho (Fig. 4). The lack of continuity in 
the upper crust may due to the concealment of the negative seismic 
phase from the sedimentary cover and limitations in receiver function 
imaging of steep-angle interfaces. A thick sedimentary layer can reflect 

seismic waves multiples such that the receiver function will record 
strongly alternating, high amplitude phases that conceal and interfere 
with other phases. Detection of seismic phases beneath the sedimentary 
layer requires steps to manage the influence of multiples. Because the 
Songliao Basin hosts a massive accumulation of sediment, detection 
focusses on the strong positive seismic phase in the crust below, which 
we call target phase. Its possible corresponding velocity discontinuity is 
referred to as the target interface. 

The CCP results show a relatively strong positive seismic phase at 70 

Fig. 3. Results of the H-κ grid search for stations 03 and 15. (a) - (c) and (e) - (g) represent the searching results for the three seismic phases (Ps, PpPs and PsPs +
PpSs). (d) and (h) show the stacking results of the three phases respectively. Black stars represent the optimal solution. 

Fig. 4. Single station stacking results of receiver function. BLJ refers to the Boundary between LGB and JLJB. TLFZ refers to the Tanlu Fault Zone, and other ab
breviations are similar to those in Fig. 1. 

Fig. 5. CCP stacking result of all 2399 
receiver functions and profile elevation 
above. The solid black line represents the 
main velocity discontinuity including Moho 
and discontinuity in the crust. The black 
dotted line represents the extension of the 
main faults in the subsurface. The blue dots 
represented the Moho depth from H-κ 
stacking. d1 and d1′: Target seismic phase 
and its multiple phase. Other abbreviations 
are similar to those in Fig. 1 and Fig. 4. (For 
interpretation of the references to colour in 
this figure legend, the reader is referred to 
the web version of this article.)   

W. Dong et al.                                                                                                                                                                                                                                   



Journal of Asian Earth Sciences 237 (2022) 105360

5

km depth beneath the Songliao Basin (Fig. 5-d1). Theoretical deduction 
and forward calculation indicate that the multiple waves of the sedi
mentary layer attenuate rapidly as depth increases. This feature would 
be inconsistent with a strong seismic phase at 70 km and warrant further 
consideration of possible intracrustal interfaces. We designed a target 
interface within the crust for a target seismic phase, obtained the 
receiver function through forward calculation, and adjusted the velocity 
model to obtain the best fit between the theoretical and observational 
results (Fig. 7a-d). The model with the target interface provided much 
better results than the model without the target interface. The former fits 
the arrival time and amplitude of the target phase and its multiples. 

Fitting of the amplitude did not take the form of an absolute numerical 
value but rather a relatively large amplitude value proposed for the 
gradually attenuated feature. Comparison of the models indicates that 
the target phase corresponds to a real velocity discontinuity in the crust. 
The target interface (Ps) and its multiple seismic phases (PpPs) appear in 
the stacking receiver function of a single station (Fig. 8b and d). Specific 
H-κ stacking was performed to obtain the average depth and average 
Vp/Vs ratio for the target interface, taking station 33 and 35 as an 
example (Fig. 8a and c). Consistency with the hypothetical model con
taining the target interface demonstrates the validity of the target 
interface. 

Fig. 6. Moho depth and crustal Vp/Vs ratios for each station after H-κ stacking. (a) Vp/Vs ratio represented by the blue dots; (b) Moho depth represented by the red 
dots. The shorter black bar represents the error calculated by the Bootstrap algorithm. Abbreviations for faults and terranes are similar to those in Fig. 1 and Fig. 4. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 7. Two-dimensional forward modeling of receiver functions covering the Songliao Basin (Velocity model and CCP result). (a, b) Model 1 (sedimentary layer +
Moho) velocity structure and its forward receiver function CCP result; (c, d) Model 2 (sedimentary layer + target layer + Moho) velocity structure and its forward 
receiver function CCP result; (e) Observational data receiver function CCP result. 
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Additional verification used a resonance removal filter to remove or 
reduce reverberations associated with a low-velocity sedimentary layer 
(Yu et al., 2015). This method assumes a nearly horizontal velocity 
discontinuity and a simple velocity structure. Station 33 offered a small 
vertical change of the target seismic phase suitable for verification. 
Before applying these steps to observational data, we first tested the 
theoretical receiver function and also designed two velocity models 
(with and without target interfaces, Fig. 9d and e) to calculate the 
theoretical receiver function. The velocity models were optimized to fit 
the station 33 receiver function observations. After processing the 
resonance removal filter, the model returns a receiver function 

calculated without the target interface. Multiples of the sedimentary 
layer are suppressed (Fig. 9a and b). Processing of the corresponding 
receiver function containing the target interface suppresses the sedi
mentary seismic phase retaining the target seismic phase (Dotted line in 
Fig. 9b). The above processing demonstrates the reliability of the 
method and can be further applied to observational data. Observational 
data results retained the target seismic phase after processing (Fig. 9c). 
This result is more consistent with the model containing the target 
interface and validates the interpretation that the target corresponds to a 
real velocity discontinuity in the crust. 

Fig. 8. H-κ stacking examples (a, c) and corresponding stacking receiving function (b, d) of the stations in the Songliao Basin against the target discontinuity. The 
black stars represent the optimal solution of H and κ obtained by the H-κ stacking. The three dotted lines in (b, d) represent the target phase (Ps) and its multiples 
(PpPs), Moho phase. 

Fig. 9. Theoretical model test and application of observation data to remove multiples from sedimentary layers (station 33 as an example). (a) Model 1 (sedimentary 
layer + Moho) to remove the multiple wave test of the sedimentary layer; (b) Model 2 (sedimentary xlayer + target layer + Moho) to remove the multiple wave test 
of the sedimentary layer; (c) Observation data to remove sedimentary layer multiple wave test (station 33); (d) Velocity model 1; (e) Velocity model 2. The red solid 
line represents the receiving function before processing; the blue solid line represents the received function after processing; the dashed line represents the target 
discontinuity or its multiples. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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5. Discussion 

5.1. Deep structure of the Tanlu fault zone 

The Tanlu Fault Zone is one of the largest fault zones in the eastern 
part of Eurasia. It originated from a collision between the NCC and the 
South China Plate during the Triassic and generally exhibits left-lateral 
strike-slip movement (Gilder et al., 1999; Hacker et al., 2006; Lei et al., 
2020; Ma et al., 2020; Tian et al., 2020; Yin and Nie, 1993; Zhao et al., 
2016; Zhu et al., 2017). The Tanlu Fault extends in a north-northeast 
direction and divides into two faults, the YYF and DMF, near She
nyang (Gu et al., 2016; Gu et al., 2017; Huang et al., 2015; Zhu et al., 
2005). Our image results show that the YYF is a large, deep fault that 
cuts through the Moho (a crustal-scale fault) with a vertical offset of 
about 3 km. The YYF’s position on the surface and impact on the Moho 
within the profile suggest that it dips to the northwest and experiences a 
degree of normal offset in addition to its generally recognized left-lateral 
strike-slip motion (dashed line in Fig. 5) (Gu et al., 2016; Gu et al., 2017; 
Min et al., 2013). The DMF does not obviously appear around the Moho 
and primarily exhibits steep, strike-slip motion in the study region. 

5.2. The deep boundary between the NCC and the CAOB 

Geological and geochemical studies interpret the NCC as 
Mesoproterozoic-Triassic sedimentary cover resting on an Archean- 
Paleoproterozoic metamorphic basement. The NCC was a stable, rigid 
block before the Mesozoic (Santosh et al., 2006; Santosh et al., 2007; 
Tang et al., 2015; Yang et al., 2016; Zhai and Santosh, 2011; Zhao et al., 
2005). The accretionary zone in the north of the NCC consists primarily 
of early Paleozoic to Early Triassic metamorphic or volcanic- 
sedimentary rocks and Permian to Jurassic plutonic bodies (Pei et al., 
2016; Wu et al., 2011; Yuan et al., 2016), which posses lower rigidity 
and strength than the underlying craton basement (Gu et al., 2018). This 
allows the discontinuity between the two parts to be imaged by the 
receiver function. We searched receiver function images for the contact 
area between the NCC and the accretionary zone. According to stacking 
receiver functions of each single station, a continuous positive seismic 
phase beneath the Songliao Basin penetrates from the surface down to 
the Moho (Fig. 4; Figs. 5-d1). The surface expression of this feature 
coincides with the CKF, or the inferred boundary between the NCC and 
CAOB (Xiao et al., 2003; Zhang et al., 2014). Results suggest that the d1 
interface represents both the surface boundary between the NCC and 
CAOB, and its deep extension. The lower part (southeast part) of this 
interface exhibits high seismic wave velocity and a Vp/Vs ratio 
approaching average values for the entire profile. This represents the 

older, stable NCC component. By contrast, areas northwest of the 
interface exhibit low velocity and a relatively high Vp/Vs ratio. This 
reflects the accretionary complex formed during subduction of the 
Paleo-Asian Ocean beneath the NCC. It may have become a thrust nappe 
during final orogenic phases of the CAOB. As the CKF deepens into the 
CAOB, the Vp/Vs ratios show a gradual increase from south to north 
(Fig. 6-a). This may reflect the increase and thickening of the thrust 
nappe having the higher Vp/Vs ratio. It could also reflect the decrease of 
craton component having lower Vp/Vs ratio. Other areas of the profile 
indicate a NCC Vp/Vs ratio closer to the average value. The patterns in 
Vp/Vs confirm the crustal-scale thrust nappe system formed during the 
subduction-collision of the Paleo-Asian Ocean and NCC. 

Theoretically, the accretion/nappe between the NCC and CAOB 
should be a belt-like region extending from east to west. We therefore 
considered additional geophysical profiles across surrounding belt- 
shaped geological areas (Roughly along the CKF) and compared them 
with our profile to better resolve the contact characteristics between the 
CAOB and NCC (Fig. 10). Due to the different distribution directions of 
the profiles, we transposed all profiles to a true north–south direction, 
that is roughly perpendicular to the CKF (Fig. 10-b). The deep reflection 
profile in the western part of the accretion belt indicates that a thrust 
nappe structure formed during the collision (Fig. 10-L1) (Zhang et al., 
2014). The receiver function profile of the eastern part of the Yanshan 
Mountains along the northern margin of the NCC also displays a positive 
seismic phase corresponding to the inclined interface (Fig. 10-L2) 
(Zheng et al., 2007). The magnetic sounding profile on the west side of 
the Liaoyuan block shows the thrust nappe structure in the upper crust 
(Fig. 10-L3) (Xu et al., 2000). The three profiles show features consistent 
with those appearing in our profile. Together, the four profiles outline 
the deep interface for the entire accretion belt in an east–west direction. 
Additional geochemical evidence suggest ancient metamorphic rocks 
beneath the Songliao Basin similar to the NCC basement (Liu et al., 
2019; Wang et al., 2006). Combining our results and previous studies 
above indicates that the northward boundary between the NCC and 
CAOB consists of a southward thrust nappe structure, along the CKF, 
which joins the two from the surface to deep. The deeper part of this 
boundary lies further to the north, possibly near the Xar Moron River 
suture zone. This means that the boundary between the NCC and CAOB 
gently dips to the north and represents a thrust feature. 

6. Conclusions  

(1) The Moho in the study area rests at a depth of about 32 km and 
exhibits a relatively flat orientation. Deep faults, some of which 
extend from the surface, cause local disruptions in the Moho. The 

Fig. 10. Comparison of relevant, analogous profiles from surrounding regions. (a) Location of profile; (b) Comparison of the deep extension of the structural 
boundary between the NCC and the accretionary block from different profiles. The horizontal axis represents vertical distance from the boundary line to the CKF, and 
the vertical axis represents depth. L1-Deep reflection profile；L2-Receiver function profile；L3-Magnetic sounding profile；L4-Receiver function profile in 
this paper. 
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study area gave an average Vp/Vs ratio of around 1.75 with some 
location variations likely reflecting material composition changes 
around the block boundary and fault zone. 

(2) The CKF in the study area represents the tectonic boundary be
tween the NCC and CAOB on the surface. It appears as a north- 
dipping thrust nappe structure and may connect with the Xir
amurun suture at depth. The upper part of the discontinuity (deep 
extension of CKF) is the thrust nappe structure of the CAOB, and 
the lower part is the NCC.  

(3) The Tanlu Fault contains two branches, the YYF and the DMF. 
The former branch is an extensive, deep fault that cuts through 
the Moho to cause 2–3 km of displacement. The YYF dips to the 
northwest and shows normal offset likely caused by far field ef
fects of Pacific Plate subduction. By contrast, the DMF branch 
shows no obvious displacement in the images interpreted here 
but may still experience sinistral strike-slip movement. 
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