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The South Dabashan arcuate tectonic belt located at the northern margin of the Yangtze

Block in South China, which primarily comprises a series of northwestern (NW)-trending

foreland fold-and-thrust belts (FTBs), is useful for determining the intracontinental

orogeny processes of the Yangtze Block. In this study, we integrated the latest pre-stack

depth migration of three- and two-dimensional seismic profiles, drill hole, and outcrop

data to explore the structural geometric and kinematic features of the west segment of the

South Dabashan FTB. This belt is characterized by multi-level detachment structures due

to the presence of three predominant sets of weak layers: the Lower Triassic Jialingjiang

Formation gypsum interval, Silurian mudstone beds, and Cambrian shale beds. The belt

is accordingly subdivided vertically into three structural deformation systems. The upper

system appears above the Jialingjiang Formation gypsum layer and exhibits Jura-type

folds, which were formed by alternating anticlines and synclines that are parallel to each

other. The middle system comprises Silurian shale as the base and Jialingjiang Formation

gypsum interval as the passive roof and exhibits NW-striking imbricate thrusts. The

lower system is bounded by Cambrian and Silurian detachment layers, forming a duplex

structure. The Sinian and Proterozoic basements below the Cambrian were not involved

in deformation. The west segment of the South Dabashan FTB underwent four periods of

tectonic evolution: Late Jurassic to Early Cretaceous, Late Cretaceous, Paleogene, and

Neogene to Quaternary. The deformation was propagated southward in imbricate style,

resulting in the passive uplifting of the overlying strata. Based on the magnetotelluric and

deep seismic profile, the tectonic processes of the west segment of the South Dabashan

FTB are inferred to be primarily controlled by the Yangtze Block northward subduction

under the Qinling Orogenic Belt and the pro-wedge multi-level thrusting during the Late

Jurassic to Cretaceous.
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INTRODUCTION

The Dabashan arcuate orogenic belt is located in the transitional
zone between the Yangtze Block (YZB) and the Qinling Belt,
China (Figure 1C), and was thought to be related to the

FIGURE 1 | (A) Simplified structural map showing the location of the Yangtze Block and adjacent blocks. (B) Simplified geologic map of the northern Yangtze Block

and adjacent areas and the location of seismic profiles and wells. (C) Simplified geologic map of the west segment of South Dabashan Belt. ZBF, Zhenba Fault; CKF,

Chenkou Fault; PBF, Pingba Fault; GQF, Gaoqiao Fault.

convergence of North and South China Block, after the closure
of the Paleo-Tethys since the Triassic (Dong et al., 2013). The
Dabashan belt comprises the North and South Dabashan Belts,
which are separated by the Chengkou Fault (CKF) (Figure 1C).
In the North Dabashan Belt, the passive continental margin
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sedimentary cover along the northern YZB (Liu and Zhang, 1999;
Lai et al., 2000, 2004; Dong et al., 2008, 2012) is arranged to
form a series of thrust nappes during the convergence of the
South China Block (SCB) and North China Block (NCB) since
the middle Triassic (Xu et al., 1986; Meng and Zhang, 1999;
Xiao et al., 2011; Shi et al., 2012). The South Dabashan Belt is
far from the plate margin and was considered as a fold-and-
thrust belt formed as a product of intracontinental deformation
since the Late Jurassic (Liu et al., 2005; Wang et al., 2006;
Li and Ding, 2007). Recent studies combined low-temperature
thermochronology and provenance analysis of the Sichuan Basin
to demonstrate that the South Dabashan Belt experienced multi-
stage superimposed deformation and finally formed in Cenozoic
(Shen et al., 2007, 2008; Cheng and Yang, 2009; Li J. et al., 2010,
2018; Xu et al., 2010; Yang et al., 2017).

Mesozoic to Cenozoic strata are widely exposed in the
western section of the South Dabashan Belt, and the attractive
Jura-style fold and thrust belt is preserved. Thus, the west
segment of the South Dabashan FTB is an ideal location to
study the intraplate deformation feature and its deformation
mechanism. In addition, the South Dabashan FTB has gradually
become an important oil and gas exploration field, which
has increased the research interest of oil and gas explorers.
The structural style (Meng and Zhang, 2000; Li et al., 2006;
Deng et al., 2010; Zhang et al., 2010; Dong et al., 2011),
formation mechanism (He et al., 1997; Wang et al., 2005;
Shi et al., 2012; Liu et al., 2015), and thermochronological
analysis (Ratschbacher et al., 2003; Li J. et al., 2010; Li P.
Y. et al., 2010; Xu et al., 2010; Yang et al., 2017) of the
South Dabashan FTB have been studied previously, and the
studies concluded that the South Dabashan FTB is a product
of the intracontinental thrusting propagation orogeny since
the Mesozoic. However, most structural models were based on
inferences from field profiles and lacked accurate descriptions
of complex underground structures, which limits the accuracy
of the current discussion on the evolutionary processes and
deformation mechanisms of the South Dabashan FTB. Recently,
the Sinopec Exploration Southern Company has collected three-
dimensional (3D) and two-dimensional (2D) seismic data in the
west segment of the South Dabashan FTB, combining drilling
and logging data to form synthetic records that can combine
seismic profiles with geological stratification, and image the
subsurface structure. This process improves the accuracy of
the depiction and elucidation of the structural geometry of
this area. Moreover, substantial magnetotelluric data in this
area provide deeper structural information for discussing the
deformation mechanism.

The present study presents high-quality seismic data with a
detailed structural interpretation. We also analyzed the balanced
geological cross section and performed kinematic reconstruction
of the west segment of the South Dabashan FTB, based
on 2D and 3D seismic interpretations and previous related
studies. Finally, we use our results to discuss the intraplate
tectonic deformation mechanism of the South Dabashan Belt
and attempted to reveal the tectonic processes of NCB colliding
with YZB based on a combination of magnetotelluric and deep
seismic data.

GEOLOGIC SETTING

The South Dabashan FTB is separated from the North Dabashan
Belt by the arcuate CKF to the north (Figure 1C) and is adjacent
to the Sichuan Basin to the south, the Micangshan–Hannan
Uplift to the Northwest and the Shennongjia Uplift to the
Southeast, with a general trend NW–SE. The belt presents an
arcuate geometry bulging southwestward (Figure 1B). Based on
the deformation intensity, deformation pattern, and structural
trend, the South Dabashan Belt can be divided into three
segments: the west, middle, and east segments. The west segment
of the South Dabashan FTB is N–S to NNW–SSE trending,
and the basement detachment zone is composed of overthrust
nappe; the middle segment is NW–SE trending, and is parallel
to the North Dabashan Belt; and the east segment is nearly W–E
trending, showing evident differences in structural deformation
patterns, with a wide exposure of a basement detachment zone,
and a tightly folded Paleozoic strata. The study area is located in
the west segment of the South Dabashan Belt and exhibits the
typical characteristics of Jura-type folds with narrow anticline
and broad syncline. In the study area, the South Dabashan
Jura-type fold belts mainly comprise Yuduzhen, Chuanxindian,
Dahekou, Liba, and Zhuyuzhen anticlines with the Middle–
Lower Triassic and Jurassic strata exposed, while the Wangjiaba
low amplitude fold belt in the northern Sichuan Basin primarily
has exposed Cretaceous strata (Figure 1C).

The Sichuan Basin, located in the Upper YZB, essentially
completed its current structural framework in the Cenozoic
(Huang et al., 2020), and is composed of marine and terrestrial
sedimentary rocks on a Precambrian crystalline basement
(Huang et al., 2018; Li Y. et al., 2018). The stratigraphic
units in the South Dabashan FTB are similar to those in the
Sichuan Basin, primarily comprising a succession of marine
sedimentary sequences from Sinian to Middle Triassic formed in
the margin of the intracratonic basin, and terrestrial sedimentary
sequences developed from the Late Triassic to Neogene in the
foreland basin, mainly composed of Sinian (100–700m, shale
and carbonate rocks), Cambrian (1,500–2,500m, mainly shale
and carbonate rocks), Ordovician (100–500m, sandstone, shale,
and carbonate rocks), Silurian (0–1,800m, shale and mudstone),
Permian (110–890m, mainly carbonate rocks), Triassic (1,200–
3,300m, sandstone, evaporates, and carbonate rocks), Jurassic
(0–4,900m, mainly sandstone and mudstone), and Cretaceous
(0–1,130m, mainly sandstone and mudstone). Due to the
collision of the YZB and NCB during the late Indosinian
period (T3-J1), the first phase of thrust nappe occurred in the
North Dabashan Belt. In the Middle Yanshanian period (J3-
K1), the second phase of intense thrust nappe took place, and
the North Dabashan Belt was further folded and deformed, and
the regional extrusion stress was transferred to the southwest,
leading to the thrust fault-related fold deformation of the initial
South Dabashan Belt. In the late Cretaceous, the Dabashan area
comprehensively moved into the uplift and denudation stage,
and tectonic activity was relatively calm. During the Eocene and
Oligocene, the Dabashan Belt became active again due to the far-
field efficiency of plate collision of the India and Qinghai–Tibet
blocks. After the Miocene, rapid uplift denudation occurred in
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the South Dabashan Belt; the strata were denuded and finally
formed the present geomorphological condition.

DATA AND METHODS

Comprehensive seismic data on the west segment of the South
Dabashan FTB forms the foundation for the study of its structural
geometric features. We predominantly used 2D and 3D seismic
profiles, and drill core and outcrop data from the west segment
of the South Dabashan FTB. Some 2D seismic reflection profiles
and drill data in the northern Sichuan Basin were also used
to compare seismic horizons, and finally, magnetotelluric data
across the Dabashan area was used to describe the deeper
structure. This study uses a 320 km2, high-quality prestack time-
migrated 3D seismic reflection survey, which has a line spacing of
20m and a vertical resolution of∼25–50m (based on an interval
velocity of 6,000 m/s, and peak frequency of 30Hz) at the interval

of interest. Seismic reflection data were then depth-converted
using an average velocity of 6,000 m/s.

The synthetic seismograms of wells ZY-1 and HB-1 were used
to calibrate the seismic horizons of the study area. Additionally,
the long 2D seismic profiles across the South Dabashan Belt and
Sichuan Basin were used to trace the seismic horizons of the
South Dabashan Belt as the seismic event is continuous in the
Sichuan Basin. In addition, due to the complexity of the surface of
South Dabashan (which is characterized by rugged topography,
changeable lithology of outcrop, and steep strata), the reflection
horizon at the shallow part and the edge of the seismic profile
would be distortion. Therefore, in the process of interpreting
seismic reflection profiles, we used 1:200,000 regional geological
mapping results and projected them onto seismic profiles to
constrain the underground structural model.

The well ZY-1, located on the northeast wing of the
Zhuyuzhen anticline, was eventually drilled into the Upper

FIGURE 2 | Lithologic features of detachment layers in the west segment of South Daba Shan. (A) Jialingjiang Formation schematic stratigraphy of well ZY-1.

(B) Silurian schematic stratigraphy of the South Dabashan Belt. (C) Cambrian schematic stratigraphy of the South Dabashan Belt.
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Permian strata and was primarily used to calibrate the seismic
horizon above the Upper Permian (Supplementary Figure 1).
The Late Permian and substrata were defined by synthetic
seismographs from deep wells (i.e., HB-1 and GS-1) in
the adjacent Sichuan Basin, which were extended to the
Southern Dabashan area by continuous tracing of the horizon
(Supplementary Figure 2). The synthetic seismogram of well
ZY-1 was obtained based on the well log and drill core data, and
the following marker beds were identified: the black shale at the
bottom of the Xujiahe Formation (T3x) makes unconformable
contact with the lower Leikoupo Formation (T2l), characterized
by strong amplitude, and is one of the main marker beds in
the study area. The Jialingjiang Formation Member IV (T1j

4)
and Member II (T1j

2) are 262.5 and 191m thick, respectively,
and primarily comprise of gypsum, intercalated by dolomite and

limestone. Both the T1j
4 and the T1j

2 are moderate amplitudes
in the synthetic seismogram and are important detachment
layers of the area. The gypsum interval is characterized by
chaotic reflection in the seismic profile whose thickness varies
significantly. The bottom of the Jialingjiang Formation (T1j)
comes into contact with the lower Feixianguan Formation
characterized by relatively weak amplitude in the synthetic
seismogram (Supplementary Figure 1).

The synthetic seismograms of wells HB-1 and GS-1 in the
Sichuan Basin showed strong amplitude between the Upper and
Middle Permian, which may serve as an important regional
marker bed. Seismic waves are characterized by moderate
amplitude as it spans from the low-velocity layer of the Lower
Cambrian’s Qiongzhusi Formation mudstone to a high-velocity
layer of the Upper Sinian’s dolomite, and can be traced and

FIGURE 3 | Seismic reflection characteristics of detachment layer. (A) Lower Triassic Jialingjiang Formation detachment layer. (B) Lower Silurian detachment layer. (C)

Lower Cambrian detachment layer. (D) Seismic profile L1570.
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correlated to the west segment of the South Dabashan FTB
(Supplementary Figure 1).

The detachment layer is usually characterized by low
compressive strength and density, low viscosity, and ample water
(Dean et al., 2015; Morley et al., 2018). For a deformation system
containing only a single set of detachment layer, the strata above
the detachment layer deforms strongly, and thrust faults are
often developed, and the strata below the detachment layer are
often weakly deformed. For a deformation system with multiple
sets of detachment layers, faults are often truncated vertically
by detachment layers and by bedding detachment beds, and the
patterns of faults developed above and below the detachment
layer are often different. Additionally, the low-seismic velocity,
low resistivity, and high-conductivity features of detachment
layers make their identification clear.

As the thickness of most strata in the study area remains
relatively stable, we selected the undeformed strata in the
foreland area as the nail point and used the line length
conservation principle to restore the 2D geological profile. In
addition, for the gypsum and mudstone detachment layers
with strong deformation, we restored them based on the area
conservation principle (Dahlstrom, 1969; Geiser, 1988).

STRUCTURAL GEOMETRY OF THE WEST
SEGMENT OF THE SOUTH DABASHAN
FTB

Detachment Layers
We identified three of the most important sets of detachment
layers in the South Dabashan Belt: (1)Middle Triassic Jialingjiang

Formation gypsum interval, (2) Lower Silurian mudstone zone,
and (3) Lower Cambrian shale bed, using a field geological
survey, drill core observations, and seismic profile analysis.

In the study area, the thick-bedded gray-white gypsum
interval occurs in the Lower Triassic Jialingjiang Formation T1j4

and T1j2 members, while dark greenish-gray shale and dark
carbonaceous shale occurs in the Lower Silurian and Lower
Cambrian areas (Figure 2). The gypsum rock, mud, and shale
demonstrate the characteristics of plastic flow upon subjection
to compression deformation, which is easily transformed into a
detachment layer, while the rock strata dominated by limestone
and dolomite are mainly characterized by brittle fracture
(Figures 3, 4).

On the seismic profile, the detachment layer exhibits chaotic
or weak seismic event features, and the faults commonly
terminate at this layer, resulting in inconsistent deformation
of the upper and lower strata (Figure 3). In the west segment
of the South Dabashan FTB, the Jialingjiang Formation
gypsum detachment layer exhibits disordered reflection, and
the thickness of deformed strata varies from 100 to 1,500m
(Figures 5–8). This can be determined by tracking the top
and bottom of the chaotic seismic reflection configuration
(Figure 3A). The Silurian mudstone and shale detachment layer
can be clearly observed in the seismic profiles due to the
relatively low amplitude of the seismic event of the overlying
and underlying strata, and faults are often developed along the
detachment layer (Figure 3B). The Cambrian detachment layer
exhibits strong reflection in the study area. Unlike the strong fold
deformation of the overlying strata, the Cambrian detachment
layer is weakly deformed (Figure 3C).

FIGURE 4 | Outcrops photographs of the detachment layers. (A) An inclined fold with a vertical-to-overturned forelimb, Lower Triassic Jialingjiang Formation (N

32◦16′24.1′′, E 107◦56′58.8′′). (B) An inverted limb of a recumbent fold, Lower Triassic Jialingjiang Formation (N 32◦16′24.2′′, E 107◦56′58.8′′). (C) Thin-bedded

mudstone, a part of fold limb with high dip angle, Lower Silurian (N 32◦16′34.1′′, E 108◦7′15.5′′ ). (D) Mudstone sliding surface, Lower Silurian (N 32◦9′50.7′′, E

108◦11′42.3′′). (E) Steeply inclined folds characterized by a chevron geometry, Lower Cambrian (N 32◦17′28.4′′, E 108◦3′38.8′′).
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On the outcrop scale, the detachment layer is characterized
by cataclasites, small folds, and well-developed small faults
(Figure 4). In addition, folds are typically recumbent or
overturned (Figures 4A,E). In the Dabashan area, inclined fold
and interlayer-gliding structures of the Jialingjiang Formation
are often observed (Figures 4A,B). The mudstone and shale
of the Lower Silurian are characterized by a rich sliding

surface (Figures 4C,D). A large number of polyharmonic folds
are developed in the Lower Cambrian mudstone and shale
(Figure 4E).

According to the above-mentioned analysis, the gypsum
strata of the Lower Triassic Jialingjiang Formation, Silurian
mudstone, and Cambrian shale exhibited the characteristics
of detachment. The South Dabashan Belt exhibits structural

FIGURE 5 | (A) Seismic profile and (B) interpretation result for L707. The location is shown in Figure 1, red lines are faults.
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characteristics of multi-level deformation features due to the
effect of these sets of detachment layers. Considering the
detachment layer as the boundary, the study area can be

divided into the upper structural deformation system, the
middle structural deformation system, and the lower structural
deformation system.

FIGURE 6 | (A) Seismic profile and (B) interpretation result for L980. The location is shown in Figure 1, red lines are faults.
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Structural Geometric Feature of the West
Segment of South Dabashan
Structural Geometric Feature of the South Dabashan

Belt
Three 3D seismic profiles were selected to conduct structural
interpretation. The seismic profile Zhenba L707 goes through
the well ZY-1. Based on the synthetic seismogram of this well,
in the Xujiahe Formation, the strong reflection seismic horizons
of the upper structural deformation system were identifiable.
From the original seismic profile (Figure 5A), the maximum
buried depth of the Xujiahe Formation can reach below 2,000m
above sea level, while the shallowest depth is exposed at the

surface, with a height difference that exceeds 3,000m. The two

limbs of the Zhuyuzhen and Liba anticlines are almost upright
and partially split by thrust faults, indicating that the upper

structural deformation system in this area has strong tectonic
deformation. A series of synclines and anticlines demonstrate

that a typical Jura-fold belt style was developed. The development

of a structural wedge and back-fault complicates the structural

deformation of the upper structural deformation system. There
are three anticline structures, namely, Zhuyuzhen, Liba, and

Dahekou anticlines from the southwest to the northeast. The

core of the anticline is narrow and mainly exposed to Lower-
to-Middle Triassic strata. Two wide (5–10 km) synclines are

FIGURE 7 | (A) Seismic profile (B) and interpretation result for L1440. The location is shown in Figure 1, red lines are faults.
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sandwiched between the three anticlines, while the syncline
between the Zhuyuzhen anticline and the Liba anticline is split by
faults, forming secondary anticlines and synclines. This indicates
that the NE–SW-trending tectonic compression occurred again
after the formation of the main fold, which resulted in the
stratigraphic offset of the upper structural deformation system.
Generally, these synclines and anticlines are gradually uplifted
from the southwest to the northeast under the control of a series
of thrust faults that developed in the detachment layer with
different depths (Figure 5B).

The middle structural deformation system is generally
characterized by weak reflection on seismic profiles, whereas
the bottom of the Upper Permian is characterized by strong
reflection. The seismic horizons are discontinuous, truncated,
and overlapped. Several up-steep and down-gentle thrust faults
that exit upward in the gypsum bed of the Jialingjiang Formation
and converge downward at the Silurian bottom surface are
developed in the middle structural deformation system. These
faults are superimposed longitudinally to form the imbricate
structure style. Under the Zhuyuzhen and Liba anticlines,
several fault-related anticlines developed in the middle structural
deformation system, causing the upper structural deformation
system to sharply rise.

In the lower structural deformation system, the Silurian
bottom is characterized by strong reflection, along with
the truncation and overlapping of discontinuous seismic
horizons. Unlike the middle structural deformation system, the
stratigraphic overlap of the lower structural deformation system
mainly occurs near the northeast side, and the seismic horizon
of the Cambrian bottom is continuous and parallel. A series
of low-dipping to subhorizontal thrust faults is developed in
the deep structural deformation system, which has an overlying
Silurian shale detachment layer as the roof fault and the
underlying Cambrian shale detachment layer as the floor fault,
forming a duplex structure. The thrust faults in the deep and
middle deformation systems reveal different geometries and
orientations, and the faults in the lower structural deformation
system often turn forward, providing the dip angle of the faults
their up-gentle and down-steep features. The shortening of strata
is concentrated in the northeast and gradually decreases toward
the Sichuan Basin. The Sinian and Proterozoic strata under the
Cambrian detachment are generally distributed horizontally, and
do not participate in deformation (Figure 5B).

Despite the similarity of the interpreted structural models
of L980 and L1440 seismic profiles to L707, some differences
were observed (Figures 6, 7). In the upper structural deformation

FIGURE 8 | (A) Seismic profile. (B,C) Interpretation result for DBS06_L1023. The location is shown in Figure 1, red lines are faults.
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system, the Zhuyuzhen anticline in the L980 seismic profile
is reversed, and the anticline in the L1440 seismic profile is
further divided into two small anticlines. The Liba anticline
is also transformed into two small anticlines in the L980 and
L1440 profiles. In the middle structural deformation system,
profile L1440 slightly varies from the two other profiles; the dip
angle of the fault is smaller, but the fault displacement is larger
under the Liba anticline, which further enlarges the structural
amplitude of the Liba anticline. The structural styles of the deep
structural layers of the three seismic profiles underwent little
change, and are all characterized by imbricate faults tending
toward the northeast.

Structural Geometric Feature of the South Dabashan

Belt and the Sichuan Basin
The tectonic deformation characteristics across the South
Dabashan Belt and the northern Sichuan Basin were obtained
by stitching the 2D and 3D seismic profiles together (Figure 8).
The upper structural deformation system in the northern
Sichuan Basin is characterized by the Wangjiaba low-amplitude
fold belt and the tectonic deformation intensity is weak,
while several fault-related folds developed with strong tectonic
deformation in the South Dabashan Belt. A large number of
imbricated structures are developed in the middle structural
deformation system of the South Dabashan Belt, but the number
of thrust faults decreases rapidly toward the Sichuan Basin,
and the deformation intensity weakens. The deep structural
deformation system in the Southern Dabashan Belt has the
Cambrian detachment layer as the floor fault and the Silurian
detachment layer as the roof fault, forming a duplex structure,
but it only extends below the Zhuyuzhen anticline, and the

structural deformation system in the Sichuan Basin exhibits no
significant deformation.

Tectonic restoration was conducted in the afore-mentioned
section (Figure 9). Considering the three detachment layers
as the boundary, the shortening rates of the three structural
layers were different, indicating the characteristics of multi-level
detachment deformation in this area. The shortening distance of
the upper, middle, and lower structural deformation systemswere
obtained as 7.98, 6.00, and 4.25 km, respectively (Figure 9).

Features of the Magnetotelluric Profile in
the Dabashan Belt
The magnetotelluric profile across the North and South
Dabashan Belt and the detachment layer exhibited low resistivity
and high conductivity. The magnetotelluric profile shows
that the resistivity in the Dabashan area has evident layered
characteristics (Figure 10). High-resistivity zones with obvious
characteristics are distributed within depths ranging from 0
to 5 km, low resistivity zones within depths ranging from 7
to 28 km, and middle resistivity zones below 28 km. In the
North Dabashan Belt, the distribution depth of the high-
resistivity zone ranges between 0 and 3 km, which represents
the sedimentary cover above the basement. However, the depth
of the high-resistivity zone in the South Dabashan Belt ranges
from 0 to 5 km, which may represent the stratigraphic unit
above the gypsum rock detachment layer of the Jialingjiang
Formation, i.e., the Jura-type fold belt in the upper structural
deformation system. The vertical depth range of these high-
resistivity zones is characterized by gradually increasing the
thickness from northeast to southwest, which is the result of
differential uplift and denudation of strata caused by tectonic

FIGURE 9 | Tectonic restoration of seismic profile DBS06_L1023. The location is shown in Figure 1.

Frontiers in Earth Science | www.frontiersin.org 11 May 2021 | Volume 9 | Article 633816

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


Huang et al. Multi-Level Detachment Deformation

FIGURE 10 | Interpretation of the magnetotelluric profile across the Dabashan Belt.

movement. A low-resistivity zone is evident at 5–7 km under the
South Dabashan Belt, which is consistent with the development
depth of the Silurian detachment layer identified from the
seismic profile. However, the Lower Cambrian detachment
layer is relatively thin and no clear response was observed
in the magnetotelluric profile. The resistivity distributed in
the depth ranging from 7 to 28 km varies greatly but is
generally characterized by low resistivity, especially in the
North Dabashan Belt in the northeast of the profile, where
a wedge-shaped low-resistivity zone can be observed. The
lower section of the South Dabashan Belt exhibits a wide
range of medium resistivity and has a downward subduction
and reduction trend, which may indicate that the South
Qinling Belt is pressed and lifted to the southwest, forming
a large thrust nappe belt, while the South Dabashan Belt,
which belongs to the northern margin of the YZB, subducts
downward with the YZB, forming a series of fold-and-thrust
belts in the shallow section. There are several resistivity anomaly
zones in the middle of the profile, which may be caused
by the upward intrusion of deep magma, while the low-
resistivity zone at a depth of 10–22 km in the southwest of
the profile may correspond to the pre-Sinian ductile shear
layer, although the detachment layer has little influence on
the tectonic deformation of the west segment of the South
Dabashan FTB.

DISCUSSION

Structural Kinematic of the West Segment
of the South Dabashan FTB
The formation of the North Dabashan Belt was closely related
to the collision orogeny between the NCB and SCB in the
late Indosinian period, whereas the formation of the South
Dabashan arcuate belt was mainly related to the intracontinental
orogeny after the collision (Shi et al., 2012, 2013). The uplift and
denudation process of the South Dabashan Belt and its adjacent
areas have been extensively researched (Yue, 1998; Wang et al.,

2004; Li et al., 2012; Deng et al., 2013). The low-temperature
thermochronological data demonstrate that the uplift age of
the strata from the North Dabashan Belt to the Sichuan Basin
decreases gradually (Ratschbacher et al., 2003; Shen et al., 2007,
2008; Cheng and Yang, 2009; Li J. et al., 2010; Li P. Y. et al., 2010;
Xu et al., 2010; Yang et al., 2017), showing the characteristics of
forward expansion deformation. In combination with previous
research results (Shen et al., 2007; Cheng and Yang, 2009; Shi
et al., 2012; Wang et al., 2012; Zhang et al., 2014; Li et al.,
2017; Yang et al., 2017), we divided the tectonic evolutionary
history of the study area into four stages (Figure 11): Late Jurassic
to Early Cretaceous, Late Cretaceous, Paleogene, Neogene to
Quaternary. Combined with the previous analysis of geological
structure, deformation style, and deformation time in the
southern Dabashan area, we established a possible tectonic
evolution model.

Late Jurassic to Early Cretaceous
Under the influence of the Yanshanian movement, the North
Dabashan nappe tectonic belt was strongly squeezed and
advanced to the northern margin of the YZB, resulting
in the earliest deformation on the northeastern margin of
the South Dabashan Belt. Among them, thrust faults were
developed in the middle and lower structural deformation
system, leading to the passive uplift of the overlying strata. The
upper structural deformation system mainly developed the low-
amplitude fold related to the faults with small fault displacement
(Figure 12).

Late Cretaceous
The tectonic deformation of the South Dabashan Belt was further
intensified. The imbricated tectonic wedge was formed in the
deep structural deformation system, leading to the uplift of
the overlying strata. Due to the effect of the detachment layer,
the stacking anticlines were formed in the middle and upper
structural deformation systems (Figure 12).
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FIGURE 11 | Comparison of thermochronological age data distribution in the North Dabashan Belt, the South Dabashan Belt, and the north Sichuan Basin. Data

from: Shen et al. (2007), Cheng and Yang (2009), Shi et al. (2012), Wang et al. (2012), Zhang et al. (2014), Li et al. (2017), and Yang et al. (2017).

Paleogene
The structural deformation of the South Dabashan Belt was
further transmitted to the southwest, the main faults in the
study area were essentially formed, the embryonic folding of
the Zhuyuzhen anticline at the front was formed, and the
deformation of the middle structural deformation system was
complicated under the control of fault deformation (Figure 12).

Neogene to Quaternary
Influenced by the Himalayan movement, the South Dabashan
Belt rose and suffered denudation. Little change was observed
in the deep structural layers, but the fault displacement
and structural amplitude of the middle and upper structural

deformation systems significantly increased. The fault plane
was deformed, and some back-faults were formed in the upper
structural deformation system, and the strata on both wings of
the folds became steeper (Figure 12).

Implication for the Multi-Level Detachment
Deformation
The new deep seismic profile data provide evidence for the
intracontinental subduction orogenic model in the Dabashan
area (Dong et al., 2013). The mafic lower crust subducted below
30 km changed from granulite to eclogite, and the increments in
its density and gravity have been used to explain the main driving
force of the continuous downward subduction of the YZB. Based
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FIGURE 12 | Tectonic evolution of the South Dabashan Belt based on interpretation results of the profile line 980.
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FIGURE 13 | Intracontinental subduction model with multi-level detachment deformation (the interpretation of deep crustal structure modified from Dong et al., 2013).

ZBF, Zhenba Fault; CKF, Chenkou Fault; AKF, Ankang Fault; SDF, Shangdan Fault; LCF, Luanchuan Fault; LSF, Lushan Fault.

on the above seismic interpretation results and magnetotelluric
data, we present the tectonic deformation model of the Qinling
Orogenic Belt and the northern margin of the YZB, focusing
on the relationship between the tectonic deformation pattern in
the Southern Dabashan area and the intracontinental subduction
orogenic processes of the YZB and the Qinling Orogenic Belt
(Figure 13).

Previous analyses of the tectonic stress field in the South
Dabashan fold-and-thrust belt revealed that the main tectonic
stress stems from the Qinling Orogenic Belt (Li et al., 2005, 2006;
Liu et al., 2005), and its stress field bears the characteristics of
multiple superpositions (Shi et al., 2012, 2013). The bidirectional
Qinling Orogenic Belt was formed by the collision and
combination of the NCB and SCB during the late Indosinian
period (Xu et al., 1986; Meng and Zhang, 1999; Xiao et al.,
2011). From the Early Triassic to the Middle Jurassic, the
North Dabashan thrust nappe structural belt began to form
gradually in the passive continental margin near the YZB
(Zhang et al., 2010; Shi et al., 2012). Since the Late Jurassic,
the North Dabashan Belt has been continuously compressed
to the southwest, leading to further intracontinental structural
deformation in the South Dabashan Belt, forming an arcuate
fold-and-thrust belt. However, the North Dabashan Belt and the
South Dabashan Belt belong to different blocks, and the CKF
was a regional normal fault in a passive continental margin
setting for a long time during the Paleozoic, which controlled
the basin boundary and sedimentary environment (Li J. et al.,
2018). Therefore, in the later stage of intracontinental orogeny,
the CKF reversed and became a high-angle reverse fault, forming
the boundary between the North Dabashan Belt and the South
Dabashan Belt. The South Dabashan Belt was not involved in
the thrust nappe tectonic system of the North Dabashan Belt
during the intracontinental orogeny because of the separation
of the South Dabashan Belt and the North Dabashan Belt by
the CKF, and the multi-layered stratigraphic units of the South
Dabashan Belt.

Multiple sets of detachment layers developed in the northern
margin of the YZB formed three main structural deformation
systems with different depths during the intracontinental

orogeny processes in the South Dabashan FTB. Due to the
partition effect of the detachment layers, each structural
deformation system is not coupled, and their shortening of
formations gradually increases from top to bottom. These
detachment layers absorb the displacement of the upward
propagation of faults, which inhibits the possibility of the integral
deformation of the sedimentary cover above the basement,
making it impossible to form large faults that cut through
the entire sedimentary cover, and the related large thrust
nappe structures are difficult to form. Therefore, in the process
of regional compressive stress spreading to the southwest,
the South Dabashan FTB was influenced by longitudinal
heterogeneity stratigraphic combination and formed a multi-
level intracontinental detachment deformation style (Figure 13).

CONCLUSIONS

Three main detachment layers developed in the west segment
of the South Dabashan FTB: the Jialingjiang Formation gypsum
interval, Silurian mudstone beds, and Cambrian shale beds.
Controlled by the three detachment layers, the west segment
of the South Dabashan FTB forms three structural deformation
systems with relatively independent structural styles at different
depths. The upper structural deformation system is characterized
by Jura-style folds, the imbricate thrusts developed in the
middle structural deformation system; and the lower structural
deformation system is controlled by the duplex structure.

At different depths, the detachment layer absorbs most
of the fault displacement, which results in each structural
deformation system having a relatively independent structural
style. The shortening of the deep structural deformation system
has the smallest, followed by the middle which is larger, and
finally, the upper structural deformation system has the largest
structural shortening. This may be caused by differences in strain
partitioning between varying structural deformation systems
under the control of different slip layers.

The Southern Dabashan arcuate FTB was formed during
the subduction of the YZB under the NCB, and the regional
compressive stress from the Qinling Orogenic Belt controlled
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the propagation deformation process in the Dabashan area.
The regional boundary fault and the longitudinal heterogeneous
stratigraphic combination both control the tectonic deformation
process of the South Dabashan Belt, giving it the intracontinental
orogeny style of multi-level slip deformation.

This study combines surface data and seismic data to
establish a more accurate structural model in the study area.
However, due to the limitations of geophysical technology
and complicated geological structure conditions in South
Dabashan, the imaging effect of the current seismic profile
may be affected, thus the real underground structure cannot
be described in detail. Thus, the optimization of seismic
acquisition and processing technology, in conjunction with
more detailed fieldwork is required in the future to improve
our understanding.
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