
1 Introduction 
 
The Jiangnan Orogen (JNO) is the Proterozoic collision 

suture between the Yangtze and Cathaysia blocks (Chen et 
al., 1991; Shu et al., 2020), which are the two major sub-
blocks of the South China craton (Wang et al., 2017). 
Huang (1954) first proposed the concept of „Jiangnan 
paleo-block‟ for the Jiangnan area. With further geological 
studies, this region has variously been described as the 
„Jiangnan  Block‟  (Huang,  1954),  „Jiangnan  Geo-
anticline‟ (Huang,  1959),  „Jiangnan Geo-axis‟ (Huang, 
1960), „Jiangnan Ancient Arc‟ (Guo et al., 1977) and the 
„Suture  zone  of  Hunan,  Jiangxi  and  Zhejiang 
provinces‟ (Xu et al., 1987). After decades of research on 
the ophiolite and magmatic rocks, it was widely accepted 
that a Meso-Neoproterozoic orogenic belt existed in the 
southeast margin of the Yangtze (e.g., Shu et al., 1995; 
Zhou  et  al.,  2009).  The  concept  of  the  „Jiangnan 
Orogen‟ (Shu et al., 1995, 2020) was then proposed and 

accepted by the research community. 
The formation and evolution of the JNO is believed to 

be  key  to  understanding  the  regional  evolution  and 
geological  questions  of  South  China,  including  the 
orogeny  and  related  magmatism  (Shu  et  al.,  2020). 
Previous models for the formation of the JNO were mostly 
focused on collisional processes between Yangtze and 
Cathaysia,  attributing  the  orogeny  to  a  continental 
collision. Hsü et al. (1988) suggested the JNO was formed 
by the collision between Yangtze and Cathaysia in the 
Indosinian  (~257–205  Ma),  while  Xu  et  al.  (1992) 
proposed a collision in the early Paleozoic. However, the 
lack of oceanic crust residuum does not support a collision 
after the Paleozoic (Shu et al., 2011). Later, Wong et al. 
(2011) suggested that the Yangtze and Cathaysia blocks 
might  not  be  completely  amalgamated  in  the 
Neoproterozoic.  But  the  similar  signatures  of  the 
Cambrian–Silurian sandstone  samples in  both Yangtze 
and Cathaysia indicated that the two blocks had been 
collaged  prior  to  the  Paleozoic  (Wang et  al.,  2010). 
Moreover, the absence of ultrahigh-pressure metamorphic 
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rocks, which is the typical feature of a collisional orogeny, 
leads to ambiguity in the explanations of the formation 
mechanism of the JNO. Zhao et al. (2015) hence proposed 
a „divergent double subduction‟ model as a compromise 
for  a  collisional  orogeny  without  ultrahigh-pressure 
metamorphism.  Afterwards,  Zhang  and  Dong  (2019) 
proposed that the subduction-collision accretion and intra-
continental orogen could be a causal cycle in the late 
Mesozoic (170–135 Ma), forming the JNO. All of these 
contradictions suggest that the orogeny in question is far 
more complex than previously predicted and may not be 
explained by a simple system in its geological history. 

Multiple tectonic events have developed in the JNO 
during the Neoproterozoic, early Paleozoic and Mesozoic 
(containing the Indosinian and Yanshanian), resulting in 
extremely complex geological structures. Furthermore, the 
orogenic process of the JNO is closely related to the 
tectonic events in its adjacent areas, such as the subduction
-collision process between the North China Block and the 
Yangtze, in which the Lower Yangtze Depression (LYD) 
to the west of the JNO is believed to be the suture (Chang 
et al., 1991, 1996). Hence, deep constraints of geophysics 
of the crust crucially require to be understood for the 
deformation  of  the  JNO.  Due  to  the  high  horizontal 
resolution  and  sensitivity  for  conductive  fluids/melts, 
magnetotelluric  analysis  has  been  widely  used  to 
understand the tectonic history of the crust (e.g., Dong et 
al., 2016; Zhang et al., 2019a, b). Considering previous 
magnetotelluric results and interpretations on the Dabie 
Orogenic Belt (DOB) and the LYD (Zhang et al., 2019a, 
2020), two new magnetotelluric profiles were acquired 
across the DOB, middle LYD and eastern JNO (Fig. 1). 
Based  on  the  new  geo-electrical  models,  an  intra-
continental orogenic event is proposed, leading to further 
understanding of the evolutionary phases of the JNO in the 
Mesozoic. 

2 Geological Setting 
 

The Yangtze  Block  has  metamorphic  crystallization 
basement formed in the Archean (Ge et al., 2013) and 
widespread Phanerozoic supracrustal sediments preserved 
(Zhai and Zhou, 2015). The eastern Yangtze comprises 
two  types  of  basements,  namely  the  metamorphic 
basement beneath the LYD and the fold basement beneath 
the JNO (Chang et al., 1996; Dong et al., 2011). The cover 
strata contain sediments from the Sinian to Quaternary, 
missing the  Middle–Lower  Devonian strata.  Granitoid 
intrusions and subvolcanic complexes are also present in 
the Yangtze (Chang et al., 1991). The LYD is located on 
of the northeast part of the Yangtze,  suggested to be 
bordered by the Tancheng–Lujiang fault to the northwest 
(Zhao et al., 2016) and the Jiangnan fault to the southeast 
(Lü et al., 2021) (Fig. 1). To the east of the LYD, the JNO 
is located on the southeast part of the Yangtze.  

The JNO is suggested to be the result of a collision 
between the Yangtze and the Cathaysia blocks during the 
late  Neoproterozoic  (870–820  Ma),  with  a  series  of 
tectonic events recorded (e.g., Charvet et al., 1996; Wang 
et al., 2004; Shu et al., 2020). The Neoproterozoic strata 
are exposed in the JNO, which contain two metamorphic 
sequences lacking ultrahigh-pressure metamorphic rocks 
(Pirajno, 2013). On the contrary, an ultrahigh-pressure 
metamorphic belt (DOB; Ni et al., 2013) has been formed 
to the west of the JNO, due to the collision between the 
Yangtze and North China (Zhao et al., 2016).  

The strata in the study area have an age distribution 
pattern of old-new-old from west to east (Wang et al., 
2012)  on  the  surface.  This  means  the  Precambrian 
basement is  exposed in the  DOB and JNO, with the 
Paleozoic–Cenozoic  sedimentary strata  exposed  in  the 
LYD.  A  series  of  upper  crustal  fold-thrust-nappe 
structures  have  formed  under  a  compressional  stress, 
which is believed to be interrelated with the subduction-
collision  process  between  the  DOB  and  the  Yangtze 
(Faure et al.,  2001). Moreover, a double-sided thrust-
nappe structure (NW dipping in the west, SE dipping in 
the east) is believed to have developed, with the Yangtze 
fault and the main thrust fault as its center (Lü et al., 2015; 
Zhang et al., 2019a). After the compressional evolution, 
numerous geochemical and geochronological studies on 
adakitic rocks and A-type granites in the LYD (e.g., Zhou 
et al.,  2016; Shu et al.,  2020 and references therein) 
indicate a conversion to an extensional regime (Ren et al., 
1997) in the late Mesozoic. 
 
3 Data Processing and Analysis 
 
3.1 Data processing 

Data from 119 broadband MT stations were acquired, 
using commercial instruments (MTU-5A produced by the 
Phoenix Co., Ltd., Canada) along two new profile lines 
(AH and LZ) in the middle section of the eastern Yangtze 
and its adjacent areas, with site spacing of 2–5 km. Time 
series  were  measured  for  two  perpendicular  electric 
channels (Ex and Ey, where x denotes the north–south 
direction and y denotes the east–west direction) and three 
magnetic channels (Hx, Hy, and Hz, where Hz is the 

Fig. 1. Topographic map of the Lower Yangtze area, super-

posed with major faults and suture zones.  
The magnetotelluric stations used in the inversion and interpretation are 

shown in blue circles. Previously proposed tectonic boundaries are shown as 

black dashes. Previous magnetotelluric profile is shown as black line. Yang-

tze fault: Yangtze River fault; main thrust fault: main thrust fault (Lü et al., 

2015). DOB: Dabie Orogenic Belt; LYD: Lower Yangtze Depression; JNO: 

Jiangnan Orogen. Geological boundary contains Tancheng–Lujiang fault 

(TLF) on the east of the DOB (Lü et al., 2021), „Jiangnan fault‟ (JNF) (Jiang 

et al., 2013) on the east of the LYD and the Jiangshan-Shaoxing fault (JSF) 

(Wang et al., 2017) on the east of the JNO. Stars (S1–S10) are the location of 

the curves shown in Figure 2. 
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vertical component). Time series were transformed into 
frequency data  by fast  Fourier  transform, then robust 
estimation technology with remote reference techniques 
was used to calculate the MT transform function, which is 
also called impedance tensor (Z) and is used to calculate 
the apparent resistivity (ρ = |Z|2/ωμ) and impedance phase 
(P = atan[Zima/Zreal]). The commercial program banded 
with MTU-5A was used to  carry out  the above pre-
processing. Roughly smooth data curves were obtained 
over a period range of 0.003–1000 s. The corresponding 
skin depths suggest a penetration of greater than 150 km, 
as  calculated  by  the  Niblett–Bostick  transformation 
method (Jones et al., 1983) in which average apparent 
resistivity is larger than 100 Ω·m. 

In  addition,  a  de-noising  (Zhang  et  al.,  2019a) 
technology was used to automatically mask the noise-
influenced data, based on 1D inversion. Data (apparent 
resistivity and impedance phase) with a large misfit was 
deleted after a series of 1D inversions, in order to get a 
better  input  datum  for  the  following  2D  and  3D 
inversions. This repeated process stopped when the misfit 
of all the remaining data could be accepted. Ten results of 
data de-noising for strong noise influence are shown in 
Fig. 2. Another manual selection process was carried out 
to confirm the quality of the data and avoid false selection 
from the de-noising process. 
 
3.2 Phase tensor analysis 

The phase tensor (Caldwell et al., 2004) was applied in this 

study to analyze dimensionality and strike of the MT data, 

using a software platform named EMinv (provided by 

Zhang Kun). It can be shown as an ellipse for each period of 

data, using three values:  Φmax (the maximum phase),  Φmin 

(the minimum phase) and β (the skew angle). fmax and 

fmin corresponded to the major and minor (polarization) 

axes  of  the  ellipse,  representing  the  two  orthogonal 

electrical principal axes that indicate the possible strike 

directions. For 1D condition, the ellipse is a circle. The 

skew angle (β) is an indicator of the anisotropy in the MT 

data,  which represents dimensionality of the electrical 

material. 
The ellipses (Fig. 3) show weak polarization and a 

generally low skew angle in the high-frequency range (< 
0.1 s, the penetration depth is ~0–3 km). However, the 
ellipses abruptly rotate to a dominant NW direction with a 
relatively high skew angle in the mid-frequency range 
(period range 0.01–10 s, penetration depth is ~1–15 km) at 
15 and 115 km along profile LZ, as well as 100 and 200 
km  along  profile  AH,  indicating  highly  asymmetric 
conductive  structures.  These  variations  reflect  the 
positions of the fault and the boundaries between the DOB 
(North China), LYD and the JNO. In the long period range 
(>10  s,  penetration  depth  is  >15  km),  the  extremely 
flattened  ellipses  (strong polarization)  with  directional 
variations suggest the existence of abrupt lateral geo-
electrical interfaces in the middle-lower crust of the LYD 
and the JNO. Moreover, dark colors of the skew angle 
reflect 3D structures. Therefore, an extra 3D inversion 
after 2D inversion was applied to reconcile the linear 
distribution of the stations and the 3D structures in the 
study area (see Section 4). 
 
3.3  Pseudo-sections of  the apparent  resistivity  and 
impedance phase 

Data were rotated to the profile direction for analysis 
and inversion (y is rotated parallel to the line direction and 
x is perpendicular). Pseudo-sections are used to display 
our MT data, which are shown in a frequency range of 100
–0.01 Hz to spotlight the major crustal structures). Our 
study area can be divided into three major parts (Figs. 4–
5), including two resistive zones on both sides and a 
relatively conductive zone in the middle. Their boundaries 
are located at 10 and 120 km along line LZ, as well as 100 
and  190  km along line  AH.  Moreover,  the  electrical 
characteristics of each part are different accross the two 
lines.  In  part  I  (Figs.  4–5),  a  resistor  roughly exists 

Fig. 2. Typical results of data processing and de-noising of partial stations, whose locations are shown in Figure 1.  
Red squares are XY component of apparent resistivity and impedance; blue squares are YX component of apparent resistivity and impedance. Translucent 

squares are original data before de-noising. 
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throughout the entire period range on profile LZ, but two 
layers with different resistivity are observed on profile 
AH. This indicates an internal variation in the structures 
from  south  to  north.  In  part  II,  a  conductor  exists 
throughout the entire frequency range on profile LZ, but 
more details are revealed on profile AH. In part III, a 
resistor roughly exists throughout most of the period range 
in both profiles, but the injection of the conductors is 
stronger  on  profile  AH.  The  impedance  phase  has 
electrical  characteristics  like  those  of  the  apparent 
resistivity. Moreover, we found a large phase of YX data 
at the boundary of parts II and III, increasing from 90° to 
180°. This may indicate a „L-shaped‟ conductor (Ichihara 
and Mogi, 2009) in the deep crust.  
 
4 Inversions and Interpretation 
 
4.1 Inversions 

The non-linear conjugate gradients (NLCG) method 

(Rodi and Mackie, 2001; Zhang et al., 2014a, b, 2017) 
was  used  to  invert  our  MT  data.  Based  on  the 
dimensional  analysis,  a  combination  of  2D  and  3D 
inversion  (Zhang  et  al.,  2019a)  has  been  used  to 
compromise  the  multiplicity  induced  by  linearly 
distributed stations in a 3D mesh, as the data show a 
complex  deep  structure  with  three  dimensions. 
However, data were measured on profiles without lateral 
controls between the profiles,  focusing on the major 
tectonics directed NE–SW. Moreover, previous studies 
(Zhang et al., 2019a) showed a successful application of 
the  combination of  2D and 3D inversion,  using 2D 
models as the constraints. Therefore, the 3D inversion 
here  was  individual  for  each  profile,  using  the  2D 
inversion result  as the initial  model.  In the two 3D 
coordinate  systems,  the  X  axis  was  rotated 
perpendicular  to  profile  LZ and  AH (the  Y axis  is 
parallel to the profile), respectively.  

First, the 2D inversion of the apparent resistivity and 

Fig. 3. Phase tensor results of all the sites on line LZ (a) and line ZH (b) and results of frequency slices (c–d) of all the three 

profiles (including line SP).  
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Fig. 4. The apparent resistivity and impedance phase comparison of measured data and inversion responses for line LZ.  
(a) XY component of apparent resistivity of data; (b) YX component of apparent resistivity of data; (c) XY component of apparent resistivity of inversion 

response; (d) YX component of apparent resistivity of inversion response; (e) XY component of impedance phase of data; (f) YX component of impedance 

phase of data; (g) XY component of impedance phase of inversion response; (h) YX component of impedance phase of inversion response. 

Fig. 5. The apparent resistivity and impedance phase comparison of measured data and inversion responses for line AH.  
(a) XY component of apparent resistivity of data; (b) YX component of apparent resistivity of data; (c) XY component of apparent resistivity of inversion 

response; (d) YX component of apparent resistivity of inversion response; (e) XY component of impedance phase of data; (f) YX component of impedance 

phase of data; (g) XY component of impedance phase of inversion response; (h) YX component of impedance phase of inversion response. 
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impedance phase was carried out using the program from 
Zhang Kun (Zhang et al., 2011), namely EMinv. The data 
error was 10% for apparent resistivity and 10° for phase, 
because the phase data were not as good as the apparent 
resistivity and the large phase increased the RMS of the 
2D inversion. The model domain had dimensions of 1200 
km (Y) × 900 km (Z) for profile LZ and 3400 km (Y) × 
900 km (Z) for profile AH. Nominal grid-spacing in the 
central part of the domain was approximately 1–2 km. The 
initial model was a half-space (100 Ω·m) constrained by 
the bathymetry.  

The 3D inversion for the data of the full impedance 
tensor was then carried out using EMinv, based on an 
improved NLCG algorithm (Zhang et al., 2013, 2017) 
after Newman and Alumbaugh (2000). The data error 
floor was set as an absolute value (Zreal × 0.05 + Zimag × 
0.05). The model domain was 100 km (X) × 1200 km (Y) 
× 900 km (Z) for profile LZ and 100 km (X) × 3400 km 
(Y) × 900 km (Z) for profile AH. The nominal grid-
spacing in the central part was 1.5 km. The initial model 
of  3D  inversion  (including  bathymetry)  was  the  2D 
inversion result of each profile with the same value for the 
X-direction extension.  

For the two inversion processes, data in the range 
0.003–1000  s  were  used  after  selection  (containing 
automatic de-noising and manual selection). In addition, 
the zero-cost static shift correction method was used, 
which treated  the  apparent  resistivity and  impedance 
phase as prior information for the static shift justification 
and  used  inversion  as  the  correction  instrument  by 
constraining the initial model (Zhang et al., 2016). After 
parameter tests, the regularization factor was set to a 

value of 3 to balance the normalized misfit and model 
roughness (Fig. 6) in 3D inversion. The lower overall 
misfit  and  increasing  model  roughness  of  the  3D 
inversions  indicate  that  the  geo-electrical  models  are 
better updated by the releasing of off-profile structures. 
Moreover,  the  comparison of  the  data  and  inversion 
responses (apparent resistivity and impedance phase) of 
the  preferred  models  (Figs.  4–5)  exhibits  good 
consistency in most areas and periods. 

 
4.2 Boundaries and distinct structures of the DOB, 
LYD and JNO  

MT data generally provide a better resolved estimate of 
the conductance of a particular layer rather than its actual 
resistivity (Jones, 1992). In combination with the resistivity 
models (Fig. 7), the depth-integrated conductance, which 
can be estimated by calculating the S = h/ρ of each layer 
over a given depth range, is further used to distinguish the 
tectonic boundary and broad conductors. Introducing the 
previous inversion result of line SP, resistivity models, for 
which the depth of investigation (> 40 km) of all the 
stations  is  much larger  than the  target,  were  used  to 
calculate the distinct conductance over 0–40 km and 30–40 
km of the three profiles (Fig. 8).  

Previous seismic research indicates the thickness of 
sedimentary cover in the upper crust in our study area is ~ 
10 km, whilst the thickness of the Precambrian basement 
in the mid-lower crust is 10–20 km (Lü et al., 2015). 
These seismic results of crustal stratification are used here 
to explain the depth range of the anomalies. Bounded by 
horizontal interfaces (S2-S3, Fig. 7) and distribution of 
high conductance (Fig. 8),  a major conductor (C2) is 

Fig. 6. Data misfit and model modification of line LZ (a–b) and AH (c–d). 
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Fig. 7. Vertical sections of the geo-electrical model for line LZ (a), line AH (b) and line SP (c).  
The model resistivity and data misfit share the same color bar. Interpretation of line SP is based on the previous results (after Zhang et al., 2019a). The distri-

bution of the Yangtze fault (CJF) and the main thrust fault (MTF) are from, or deduced by, the deep seismic results from Lü et al., 2014. TLF: Tancheng–
Lujiang fault; JNF: Jiangnan fault; DOB: Dabie Orogenic Belt; LYD: Lower Yangtze Depression; JNO: Jiangnan Orogen. 

Fig. 8. Depth-integrated conductance map calculated for crust (0–40 km) and Moho (30–40 km) of line LZ (a), line AH (b) and 

line SP (c). 
CJF: Yangtze fault; MTF: main thrust fault; TLF: Tancheng–Lujiang fault; JNF: Jiangnan Fault; DOB: Dabie Orogenic Belt; LYD: Lower Yangtze De-

pression; JNO: Jiangnan Orogen; WBJ: western boundary of Jiangnan. 
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revealed  in  the  mid-to-lower  crust  of  the  LYD  and 
partially connects with a conductor (C1) in the lower crust. 
The LYD is the subduction-collision suture between North 
China and the Yangtze (Li et al., 2015). It is believed to 
have  desorbed  massive  amounts  of  water  during  the 
dehydration process of the subduction slab (Zheng et al., 
2016), which could have led to the partial melting. In 
addition,  melting-assimilation-storage-homogenization 
(MASH) processes (Wang et al., 2001; Lü et al., 2013, 
2021)  have  probably occurred  following this  regional 
tectonic event (Lü et al., 2015; Zhou et al., 2016), as 
supported by the study of isotope geochemistry (Zhou et 
al., 2016). C1 and C2 most likely represent the hydrogen 
fluids and/or partial melts, while C2 may also represent 
the detachment layer.  

The  abrupt  truncation  of  C2  and  decreasing 
conductance on both its  sides represent  the boundary 
position of the LYD in the mid-to-lower crust. In the 
upper-to-middle  crust,  the  structure,  composed  of  the 
major resistors (R1–R3) with distinct features, shows a 
symmetrical distribution around the LYD overlying C2. 
Unlike  R1  and  R3,  R2  presents  stronger  lateral  and 
vertical variations, so can be used to constrain the range of 
the DOB and JNO in the upper-to-middle crust.  The 
southward extension of the Tancheng–Lujiang fault  is 
hence revealed to be a crustal boundary between the LYD 
and DOB (Figs. 7–8). It has a horizontal distribution of 
~10–20 km at different depths (Fig. 9a). Moreover, a new 
electrical interface between the LYD and JNO is revealed 
as the western boundary of the JNO (WBJ, Fig. 8), which 
has a horizontal distribution of ~10–25 km at different 
depths (Fig. 9a). 

The DOB is accepted as a typical collisional orogen 
(e.g., Zhao et al., 2016) where multiple and large-scale 
magmatism (Li et al., 2015; Lü et al., 2015, 2021) is 
revealed by the Mesozoic magmatic rocks (Mao et al., 
2014).  A relatively stable  crust  beneath  the  DOB  is 
suggested by a widespread resistor (R1, Fig. 7b) and low 
conductance (Fig.  8b).  In contrast,  crustal  conductors, 
which are absent beneath the DOB, are revealed beneath 
the JNO (Fig.  8).  This indicates a  different  tectonic-
magmatic process of the JNO compared to the DOB. A 
superimposed  tectonic  process  is  suggested  having 
developed in the JNO by the C3 (beneath S4) during an 
extensional event. To test the possibility of the existence 
of this important conductor (C3), a moderate resistive 
(3000 Ω·m) belt beneath R3 and S4 was introduced to the 
model  of  line  AH  (Appendix  Fig.  1a–b).  A  second 
inversion was performed using the modified model as the 
starting model. As the final misfit of the second inversion 
is  close  to  the  original  inversion (1.19  vs  1.18),  the 
modified resistive belt is updated to a major conductor 
(C3), as revealed in the preferred model. Responses of the 
second inversion seem to be similar as the original (Supp. 
Fig. 1c–d), therefore the existence of C3 is reliable. 

 
5 Discussion 
 
5.1  Double thrust  nappe system across the  Lower 
Yangtze Depression and Jiangnan Orogen 

A large-scale fold-thrust system in the LYD is indicated 

by the A-type granitic magmatism and pull-apart basin 
during the Late Mesozoic (Wang et al., 2012), and has 
furthermore been proposed to be the major component of a 
double thrust system (Ling et al., 2009; Li et al., 2012; Lü 
et al., 2015). Specifically, the Yangtze fault and the main 
thrust fault (Lü et al., 2015, Fig. 1) are two important fault 
zones by which the thrust-nappe can be divided into two 
major tectonic systems, namely the LYD nappe and the 
JNO nappe. This double thrust-nappe system is strongly 
consistent and is coupled with the upper-middle crustal 
structures (R2–R3 and adjacent anomalies) revealed in our 
models. It is represented as a symmetrical arch in general, 
composed of a series of superposed structures from both 
sides to the center. C2 and R2–R3 are inferred as the 
major  detachment  and  superposed  strata,  respectively, 
while the shallower conductive belts connected with C2 
are the thrusts (Fig. 7).  

Beneath the LYD, a left-facing „crocodile‟ structure (Lü 
et al., 2015, 2021) suggested by the seismic reflection 
results (Supp. Fig. 2) is also revealed in our geo-electrical 
models (Fig. 7). It is noteworthy that the „upper lip‟ of the 
„crocodile‟ is represented by the LYD nappe (west part of 
the double thrust system) (Fig. 9b). In this structure, the 
main thrust fault and the Yangtze fault both connect a 
deep detachment layer (C2 beneath S2) in the middle 
crust, surrounding the major resistor (R2). The „upper 
lip‟ (LYD nappe) can be attributed to the slipping of the 
upper crust and decoupling deformation between the upper 
and lower crust (Zhang et al., 2021) under compressional 
stress  (Lü et  al.,  2015).  The  deformation  is  mainly 
developed  in  the  LYD  nappe  system  (upper  crust), 
excluding the crustal basement (lower crust).  

Furthermore, the geo-electrical models reveal two major 
interfaces in the upper-middle crust, with a northwestward 
dip of 20°–30° for the deeper interface (S2) and a 15°–25° 
dip for the shallower (SS1) (Fig. 7). The detachments (S2 
and SS1) correspond to the unconformities of the Silurian 
and Triassic strata, as supported by structural geology 
research (e.g., Wang et al., 2012; Li et al., 2021 and 
references  therein).  The  LYD,  composed  of  well-
developed thin-skinned tectonics, is hence characterized as 
a foreland thrust belt, caused by the collision between the 
Yangtze and North China. 

However, a distinct nappe system is revealed in the 
JNO. The main thrust fault and several faults to the west 
of the Jiangnan fault connect with a deep conductive layer 
(C3 beneath S4) in the middle crust. This structural system 
and internally wrapped resistor (R3) constitute the JNO 
nappe (Fig. 9b). The JNO nappe strikes NE and dips SE. 
Its detached interfaces (S4 and SS2), which have a steep 
northwestward dip of 45°–60° in our models, can be 
attributed  to  the  unconformities  of  the  Cambrian and 
Neoproterozoic strata (Wang et al., 2012). In addition, the 
Precambrian basement is involved in the deformation of 
the JNO nappe, as evidenced by the structural geology and 
seismic reflection data (Wang et al., 2012; Lü et al., 2015). 
The  thrusts  revealed  by  vertically  conductive  belts 
overlying S4 (Fig. 7) hence may have extended into the 
crustal basement in the southeastern JNO. These steep and 
deep structures suggest a thick-skinned tectonics system, 
indicating a vertical uplift process.  
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It is noteworthy that the break-off point (beneath the 
WBJ) of the Yangtze subduction slab (Zhang et al., 2019a, 
2020, 2021) beneath S3, could be a controlling factor that 
separates the two nappe units of the LYD and the JNO 
(Fig. 9b). Therefore, this thick-skinned tectonic system 
and  the  break-off  of  the  subduction  slab  suggest  a 
„reworked‟ orogeny of the JNO, instead of a collisional 
orogeny. 

 
5.2 Uplift evolution of the Jiangnan Orogen  
In the JNO nappe, the newest involved strata were formed 

in the Middle Jurassic in a compressional setting (Lü et al., 

2021), which were then covered by the volcanic rocks of 

the Late Jurassic–Early Cretaceous (Zhou et al., 2016; Liu 

et al., 2016). However, the process of eastward extrusion of 

the DOB from the Middle Triassic to the Early Jurassic (Li 

et al., 2010) resulted in the southeastward thrust nappe in 

the LYD (Dong et al., 2011). Therefore, the formation of 

the JNO nappe is probably later than that of the LYD. The 

fold type and thrust dipping in the JNO revealed in our 

models indicate a northwestward tectonic stress, which 

might result from the compression of the Paleo-Pacific 

Block in the Late Mesozoic (Song et al., 2012), rather than 

the E–W trend formed by the Triassic continent-continent 

collision with the North China craton (Li et al., 2011), as 

evidenced  by  the  structural  (crustal  deformation), 

magmatic (granites) and geophysical (seismic reflection) 

study results (e.g., Lü et al., 2013, 2014, 2015; Shu et al., 

2020 and references therein).  Moreover,  previous MT 

research  (Zhang  et  al.,  2019a,  2020)  revealed  the 

„crocodile‟ structure and intra-continental subduction slab 

(Figs. 7), indicating an intacontinental subduction process 

after the collision between North China and Yangtze (Fig. 

10a–b). As indicated by the large-scale mantle-derived 

magmatism (e.g., Zhou et al., 2016; Shu et al., 2020) and 

conductors in our geo-electrical models (C1 and eastern 

Fig. 9. Tectonic boundaries and nappe distribution.  
(a) The boundaries‟ variation range in the crust; (b) the distribution of the LYD and JNO nappes.  
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C2), this intra-continental subduction slab of the Yangtze 

could have broken off from the Yangtze lithosphere (Zhang 

et al., 2019a, 2020; Fig. 10c) and led to the upwelling of the 

deep materials (Zhang et al., 2021; Li et al., 2021; Fig. 10d–

e). A possible scenario for this to occur is the obstruction of 

the DOB and the northwestward compression of the Paleo-

Pacific Block. The geochronological data (e.g., Zhou et al., 

2009, 2016; Qi, 2019; Li et al., 2020 and references therein) 

show a regionally tectonic regime conversion time from 

~145 Ma to ~135 Ma, as supported by the magmatic rocks 

with a distinct mixing level of the lower crust and the upper 

mantle. The later magma contains more mantle-derived 

materials, indicating a regime conversion from compression 

to extension.  
Therefore, we propose a „reworked‟ orogenic model to 

explain the formation of the JNO, consistent with the 
tectonic regime conversion. After the break-off of the intra
-continental  slab,  hot  material  is  suggested  to  have 
upwelled (Wang et al., 2004; Zhou et al., 2016) around the 
slab  and  led  to  the  uplift  of  the  JNO  (Fig.  10c). 

Fig. 10. Orogenic evolution during the Mesozoic. 
(a) Yangtze moved towards the North China craton following the subduction (Zhang et al., 2019a); (b) decollement and thrust nappe structures were formed in 

the LYD during the collision process between North China and Yangtze; (c) uplift orogen and JNO nappe, which took the slab as the „fulcrum‟, developed 

after the break-off of the subduction slab in the compression of the Paleo-Pacific Plate; (d) orogeny of the JNO was sustained by lithospheric delamination and 

crustal uplift induced by the slab break-off and compression on both sides of the JNO; (e) the extensional setting of the eastern Yangtze has formed since the 

Late Jurassic. TLF: Tancheng–Lujiang fault; LYD: Lower Yangtze Depression; JNO: Jiangnan Orogen; WBJ: western boundary of Jiangnan. 
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Furthermore,  the  fold  basements,  whose  boundary  is 
consistent with that between the LYD and the JNO in our 
geo-electrical  models,  do  not  support  a  subduction-
collision process and a collisional orogeny beneath the 
JNO in the late Mesozoic. Therefore, we suggest that the 
„reworked‟ orogeny of the JNO starts  from an intra-
continental  uplift  process  that  has  occurred  since  the 
Middle Jurassic, considering its thick-skinned tectonics. 

Moreover, the regional heat flow increases from ~50 
mW/m2 in the DOB to ~70 mW/m2 in the JNO (Supp. Fig. 
3),  while  the  thickness  of  the  „thermal‟  lithosphere 
decreases from 140 to 60 km (He et al., 2001). It is widely 
accepted that the thermal contribution from the crust is 
greater  than  that  from the  mantle  in  the  continental 
lithosphere (Lee, 1970). Therefore, the crust beneath the 
JNO can be inferred to release much more thermal energy 
than that beneath the DOB and LYD. Therefore, following 
the detachment of the Yangtze slab, the upwelling (C1 
beneath S4) and spreading (C3 beneath S4) of the hot 
materials through the break-off point of the slab could 
have induced the decoupling of crust and upper mantle 
(Fig. 10d). The material flow could then have contributed 
to the continued intra-continental orogeny of the JNO 
(Fig. 10d–e), cooperating with the Paleo-Pacific plate, 
which provided the northwestward compressional setting. 
Overall, this uplift orogeny of the JNO contained two 
stages, including the firstly lithospheric uplift and then the 
secondly crustal uplift. 
 
6 Conclusions 

 
To better  understand the evolution of the Jiangnan 

Orogen, high-quality magnetotelluric data were acquired 
and  interpreted  from the  Dabie  Orogenic  Belt  to  the 
eastern  Yangtze.  Resistivity  models  are  presented, 
revealing strong lateral variations in electrical structure in 
the mid-to-lower crust of the study area. A prominent NE–
SW  directed  conductor  is  inferred  as  a  large-scale 
detachment layer, which separates the resistive structures. 
On both sides of this major conductor, the southward 
extension of the Tancheng–Lujiang Fault is found in the 
Dabie  Orogenic  Belt  and  a  new electrical  boundary 
between the Jiangnan Orogen and the Lower Yangtze 
Depression is identified. This boundary controls the thrust 
nappe structures on both sides. In contrast to the Lower 
Yangtze  Depression  nappe  developed  in  a  collision 
process, the thick-skinned tectonic system of the Jiangnan 
Orogen nappe indicated by the geo-electrical structures 
suggests an orogeny independent of collision. We hence 
present a new „intra-continental orogen‟ model to describe 
a „reworked‟ orogenic process of the Jiangnan Orogen 
developed  in  the  Late  Mesozoic.  Since  the  Middle 
Jurassic,  the  thrust-nappe  develops  in  the  Jiangnan 
Orogen, which is induced by an intra-continental uplift 
process caused by the material upwelling. This process is 
composed of at least two stages, from the lithosphere 
uplift to the crustal uplift.  

It should be noted that the variation in the top depth of 
the slab indicates a vertical tearing between profile An and 
SP. However, our model cannot constrain structures in the 
gap between the profiles and east of 118.4°E. A carefully 

designed 3D MT array can test our hypothesis in our study 
region. 
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