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ABSTRACT: The Nanling-Xuancheng ore region of Anhui Province is located in the Middle-Lower
Yangtze River metallogenic belt. Insufficient exploration and research have been carried out in this new‐
ly defined ore district, although the Chating large porphyry Cu-Au deposit and a few middle-sized skarn-
type Cu polymetallic deposits have been discovered. In this study, we carried out high-resolution seismic
reflection, magnetotelluric, gravity, and magnetic investigations, and constructed the 3D geological
structure of the uppermost crust in a depth range of 0–5 km using a comprehensive inversion of the
new data constrained by previous deep-drilling data. We hence proposed some new insights to under‐
stand the mineralization processes of this district. A system of alternating ridges and valleys is suggest‐
ed as the major structure pattern, composed of “two-layer structure” of the basins and “three-layer
structure” of anticlines. Moreover, a conjugated fault system and its distribution features are revealed
in our models, including the Jiangnan fault, Zhouwang fault, and Kunshan thrust nappe. The Jiangnan
and Kunshan faults are suggested to have controlled the diagenesis and metallogenesis. Two deep con‐
cealed plutons located in Chating and Magushan are found, forming the Mesozoic diorite-felsic intru‐
sions. These intrusions are believed to be the causes of hydrothermal deposits such as the Chating de‐
posit and the Magushan deposit.
KEY WORDS: geophysical exploration, 3D structure, metallogenic mechanism, Nanling-Xuancheng
ore region, Middle-Lower Yangtze River metallogenic belt, ore deposits.

0 INTRODUCTION
The Middle-Lower Yangtze River metallogenic belt

(MLYB) is the most important Fe-Cu enrichment region of Chi‐
na (Fig. 1a; Lü et al., 2021). More than 200 ore deposits have
been found in the seven districts, namely E’dongnan, Jiurui,
Anqing-Guichi, Tongling, Luzong, Ningwu, and Ningzhen ore
districts (Lü et al., 2020; Zhou et al., 2016). After some new Cu-
Au polymetallic deposits (e.g., Chating porphyry Cu-Au depos‐
it; Tongshan-Qiaomiashan, Magushan, and Shizishan skarn-
type Cu-Mo-S-W deposits; Fig. 1b) were discovered in the Nan‐
ling-Xuancheng region by the recent geophysical and geologi‐

cal explorations (Qian et al., 2017; Liu, 2016), this region can
be defined as the eighth ore district in the MLYB (Fig. 1b).

The 3D structure exploration has been applied successful‐
ly in typical ore districts, such as that of North America and
Australia (Heinson et al., 2018). Moreover, the 3D comprehen‐
sive geophysical exploration has been implemented in the
MLYB at three levels, including regional lithospheric structure,
3D crustal structure of typical ore district, and structure of typi‐
cal deposit in the most surface crust. In this project, high-resolu‐
tion seismic reflection (Lü et al., 2015, 2014, 2013, 2012), mag‐
netotelluric (MT) (Yan et al., 2019; Zhang et al., 2019, 2015;
Tang et al., 2014, 2013; Xiao et al., 2014, 2011), and gravity
and magnetic surveys (Lan et al., 2015; Guo et al., 2014; Qi et
al., 2014; Yan et al., 2014, 2009) have been carried out in the
Luzong, Ningwu and Tongling ore districts, revealing the 3D
structure and the major ore-controlling factors. The study re‐
sults could better the understanding of the deep structure, pro‐
cess and tectonic evolution for the ore distrtict.
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However, multi-discipline geophysical deep probes are in‐
sufficient in the new Nanling-Xuancheng district, though a se‐
ries of geological and geochemical researches have been car‐
ried out for the deposits (e.g., Xu et al., 2020, 2018; Xiao et al.,
2019, 2018; Feng et al., 2018; Ji, 2018; Wang, 2018; Xie at al.,
2018; Hong et al., 2017; Jiang et al., 2017, 2015; Qian et al.,
2017; Liu, 2016; Liu and Duan, 2015). Furthermore, due to the
widespread Quaternary covers, the tectonic framework, mag‐
matism and deposit genesis cannot be studied systematicly us‐
ing surface evidences, and the mineralization and related geo‐
dynamic processes have not been clearly understood.

To reveal the 3D geological structure of the study area, we
carried out the comprehensive geophysical deep probes, incud‐
ing three profiles of geology, high-resolution seismic reflec‐
tion, magnetotelluric (MT), gravity and magnet. In addition, an‐
other 32 MT profiles were arrayed covering the entire NXOR.
Based on the geophysical results, we hence revealed the 3D

geological structure of this new ore district in a depth range of
0–5 000 m constrained by previous deep-drilling data, and dis‐
cussed the genesis and relationship between structure and min‐
eralization.

1 REGIONAL GEOLOGY
The MLYB is located in the Yangtze River fault depres‐

sion region, which is the collisional foreland between the
North China and Yangtze blocks in the Late Triassic (Fig. 1a;
Zhou et al., 2017; Mao et al., 2011). Three major evolution
stages have been occurred in the MLYB, including the develop‐
ment of Mesoproterozoic basement (Dongling Group) and Pa‐
leozoic covers, and intraplate deformation during the Mesozoic
(Chang et al., 2019, 1991; Dong et al., 2011). Therefore, the
present structural pattern of “uplift and depression” can be at‐
tributed to the multiple tectonic-magmatism since the Mesozo‐
ic (Zhou et al., 2008). The NXOR is a newly defined ore dis‐

Figure 1. (a) Sketch geological map of magmatic rocks and deposits in the MLYB (modified after Lü et al., 2021; Zhou et al., 2017; Mao et al., 2011), (b) geologi‐

cal map of magmatic, deposits and projects arrangement in the NXOR. XGF. Xiangfan-Guangji fault; TLF.Tancheng-Lujiang fault; HPF. Huanglishu-Poliangting

fault; SMF. Shangcheng-Magushan fault; CCF. Chongyang-Changzhou fault; CHF. Chuhe fault; QHF. Qingshui-Hewan fault; SHF. Sanlizhen-Hexizhen fault;

LQF. Liqiao fault; KSF. Kunshan fault; JNF. Jiangnan fault; ZWF. Zhouwang fault; NJF. Ningguo-Jixi fault; ZNF. Zhongming-Nanling fault; MLF. Ma’anshan-

Langxi fault. Porphyry deposit: CT. Chating Cu-Au deposit; skarn type deposits: SZS. Shizishan Cu-Mo deposit; LJS. Liujiashan S-Fe deposit; TQS. Tongshan-

Qiaomaishan Cu-S(-W) deposit; MGS. Magushan Cu-Mo deposit; hydrothermal vein-type deposits: CHS. Changshan Pb-Zn deposit; SJ. Shuangjing Pb-Zn-Au-

Ag deposit; CS. Chashan Pb-Zn ore spot; TJZ. Tangjiazui Pb-Zn ore spot; MSB. Mashanbu Pb-Zn ore spot; MWS. Maweishan Cu-S ore spot; WD. Weidun Pb-Zn

ore spot; DWC. Dawangcun Pb-Zn ore spot; FHS. Fenghuangshan Pb-Zn ore spot; BS. Beishan Pb-Zn ore spot.
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trict in the MLYB, composed of a Mesozoic–Cenozoic volca‐
nic rift depression (Xu et al., 2020).

The NXOR is located to the north of Jiangnan uplift, the
east of Fanchang Basin and Tongling uplift, and the south of
Ningwu volcanic basin (Fig. 1a, Wang et al., 2017; Yao et al.,
2014, 2013; Li et al., 2009, 2008; Zheng et al., 2007, 2004; Wu
et al., 2006; Zhao and Cawood, 1999). This region is mostly
covered by Quaternary sediments, overlaying the continental
clastic sedimentary and volcanic rocks since the Cretaceous.
As well as the Liqiao anticlinorium, the fault system is in EW-
NE direction, composed of the Qingshui-Hewan fault (QHF),
Jiangnan fault (JNF), Zhouwang fault (ZWF), and Ningguo-
Jixi fault (NJF). Intense Yanshanian magmatism within this re‐
gion formed a series of intermediate-felsic volcanic and intru‐
sive rocks.

Magmatism has strongly developed in this basin, forming
a group of intermediate acid volcanic and intrusive rocks in the
Jiulianshan, Jingtingshan, Huangniushan, and Chating areas.
These volcanic rocks have a thickness of >100 m, and are char‐
acterized by pyroclastic rocks in the Lower Cretaceous. The in‐
trusions, which are formed in the basement of the basin, are
widely distributed and exposed in the Changshan-Shizishan-
Kunshan-Tongshan-Magushan areas. Deep drilling data reveal
that intrusions occur beneath the volcanic rocks, including py‐
roxene diorite, diorite, and porphyritic granodiorite (Fig. 1b;
Xu et al., 2020; Lu et al., 2019).

Mineralization in the NXOR is strongly developed, form‐
ing variety of ore deposits, especially the large-scale Chating
porphyry Cu-Au deposit, several medium-scale skarn Cu-W-
Mo and hydrothermal Pb-Zn deposits. For the porphyry depos‐
its, ore minerals occur in the porphyritic quartz diorites, and
which outcrop in the tectonic fracture zones and contact zones
of the intrusion for the skarn deposits. Mineralization has obvi‐
ous accumulational characteristics, and been dominated by Cu-
Au, Cu-Mo-(S), Cu-(S-W), Cu-Mo metallogenic in the centers,
surrounded by Pb-Zn metallogenic, respectively (Fig. 1b). Re‐
cent geochronological and geochemical results (Qi et al., 2020,
2019; Xu et al., 2020; Lu et al., 2019; Qi, 2019; Zhou et al.,
2019; Jiang et al., 2017, 2015) show that the major mineraliza‐
tion occurred in 145–135, 134–130, and 128–125 Ma. Besides
the high-K calc-alkaline intermediate-felsic intrusions, the por‐
phyry Cu-Au (i. e., Chating deposit) and skarn Cu-Mo- (S-W)
deposits (i.e., Tongshan-Qiaomaishan and Magushan deposits)
deposits developed in the early stage. Hypabyssal intermediate
acid intrusions and resulted skarn Cu-Mo deposits in the mid‐
dle stage, while hydrothermal Pb-Zn polymetallic deposits de‐
veloped in the late stage.

2 METHODS
2.1 Profile Array

We carried out high-resolution reflection seismic explora‐
tion on three major profiles (I, II, III) in the NXOR, with region‐
al MT, gravity and magnet measurements. The results of multi-
discipline geophysical profiles II and III are shown here for in‐
terpretation and discussion, because all the above geophysical
exploration were carried out in these two profiles as well as the
surface geological survey. Profile II has crossed the major geo-
units in the study area, including Tongling uplift, Nanling Basin,

Jingtingshan-Liqiao anticline, Xuancheng Basin, and Jiangnan
orogenic belt. Profile III was divided into two sections (III-1 and
III-2) owing to the presence of lakes, Nanling Basin, Jingtingshan-
Liqiao anticline, Xuancheng Basin, the Jiangnan orogenic belt.
Moreover, the Chating and Shizishan deposits are located on
section III-1 (D02), while Magushan deposit is located on sec‐
tion III-2 (D01).

2.2 Data Acquisition and Processing
Seismic reflection profiling was performed using a 428XL

seismograph (Sercel, France), MT soundings were obtained us‐
ing a V5-2000 system (Phoenix, Canada), gravity measure‐
ments were recorded using a CG-5 gravimeter (Scintrex, Cana‐
da), and magnetic measurements were made using a GSM-19T
proton magnetometer (GEM, Canada).

Seismic data for migration profiles were processed using
a PROMAX seismic system. Stacking profiles were obtained
by horizontal stacking after pretreatment, static correction, dy‐
namic correction, stacking noise suppression, and deconvolu‐
tion. The MT data were processed using the software of Prof.
Shikun Dai from Central South University, Changsha, China,
allowing a two-dimensional continuous media inversion for re‐
sistivity modeling. The corrections for observed gravity data in‐
cluded altitude correction, terrain correction and Bouguer cor‐
rection, and the Bouguer gravity anomaly was then obtained.
The magnetic anomaly was reduced to pole.

2.3 3D Geological Modeling
The 3D geological modeling was controlled by 2D paral‐

lel sections, using GeoModeller (Intrepid Geophysics, Austra‐
lia). Profile models were obtained by a gravity, magnet, elec‐
tric data processing software (RGIS2016) developed by China
Geological Survey. The morphology and distribution of sedi‐
mentary strata and other rock units can be shown by the 3D
modeling to understand the structure of the study area.

Regional 1 : 50 000 gravity and aeromagnetic data, seis‐
mic reflection results and 2D inversion models of MT data in‐
version have been used to establish the 3D geo-model. The av‐
erage fit error of the 3D model is less than 10%, and the infor‐
mation error with the borehole and surface geological data is al‐
so less than 10%.

2.4 Effectiveness of the Prospecting Method
In the NXOR, geophysical data were acquired using effec‐

tive detection methods for the deep structure. The specific physi‐
cal property can be revealed by related geological methods, re‐
spectively. Different physical property has different response
features in the geophysical results. For example, MT measure‐
ment reveals the spatial morphology of the structure through the
difference of electrical properties, while gravity data reveal the
density differences. To unify these physical properties reasona‐
blely, the 3D comprehensive geological model in this paper is
the result of the full fit and understanding of gravity and magnet‐
ic anomalies, MT inversion models, and seismic reflections.

In addition, we have collected a large number of deep
drillhole data. These data (e.g., ZK4102 at depth of 1 800 m in
Chating ore region; Nanling 1 drilling at depth of 3 808.63 m
and Wanxuanye 1 drilling at depth of 2 750 m in the basin)
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were used to verified and constrained our geological model in
depth range of 0–5 km.

3 GEOPHYSICAL RESULTS AND INTERPRETATION
Results of the MT, gravity, and magnetic measurements

for the three major profiles reveal the physical variations of the
uppermost crust of our study region (Figs. 2, 3, 4), while the
seismic reflections reveal the deep geological structure in a
depth range of 0–15 km (Figs. 5, 6). The deep geological struc‐
tures of our study area were constructed mainly based on seis‐
mic reflections and electrical models, considering about gravi‐
ty and magnetic data and constraints of drillhole data. Four
geo-units were identified and separated by the KITNS, JNF,
and ZWF, forming a structure pattern composing of two anti‐
clines and two basins (Figs. 1b, 7). The uplifted anticlinal areas
exhibit a three-layer structure, and the basin areas show a two-
layer structure. The specific geophysical comprehensive inter‐
pretations of deep geological structure are as follows.

3.1 Deep Structure of the Main Units
The two depression basins are named Xuancheng and

Nanling basins, and the two folded uplifts are the Jingtingshan-
Liqiao and Magushan-Yishan anticlinorium (Fig. 1b).

3.1.1 Nanling Basin
Nanling Basin is covered by the Quaternary sedmients

with some exposions of the Cretaceous and Paleogene rocks in
the southwestern area (Figs. 1b, 7). It is a dustpan-shaped rift‐
ed basin, which is bondaried by the QHF (directed in NE-SW)
on the northwest and overlapped by a thrust-nappe system in
the southeast. This basin is characterized by low gravity values
(Fig. 2c) and two major electrical layers in the MT inversion
models. At distance of 4.5–30.5 km of profile II, the shallow
low-resistivity layer (0–1 800 m; <30 Ω·m) can be correspond‐
ed to the Cretaceous–Quaternary sediments, while the deeper
high-resistivity layer (1 800–5 000 m; >200 Ω·m) can be attrib‐
uted to the responses of Paleozoic–Triassic sediments (Fig. 2a).
The thickness of shallow conductive layer variates in range of
1.8–2.5 km from the southwestern area to the northeast (Figs.
2a, 3a, 4a), indicating the variation of the lower boundary. The
basement underlying the basin composes of the Ordovician –
Triassic sediments, in which the Triassic unconformably over‐
lies the Silurian rocks. However, the covers unconformably
overlay on the Devonian rocks in the southwestern area.

3.1.2 Jingtingshan-Liqiao anticlinorium
The Jingtingshan-Liqiao anticlinorium locates in the cen‐

ter of the NXOR and separates the Nanling and Xuancheng ba‐
sins. Silurian –Permian sediments are exposed on the surface
with the Triassic rocks on both sides (Fig. 1b). This anticlinori‐
um comprises the Xinhezhuang anticline, the Kunshan syn‐
clinorium, the Huashan syncline, and the Jingtingshan anti‐
cline. Moreover, it is indicated as a generally overturned anti‐
cline by the geophysical results. According to the D02 seismic
reflection migration profile (Fig. 6), the strong reflection
waves (Cambrian–Ordovician) suggests a compound anticline
structure, with a center at CDP 3280. The southeastern limb of
the Jingtingshan-Liqiao anticlinorium is well preserved, while

the northwestern limb has been strongly destroyed as a result of
the thrusting of Liqiao fault (LQF). In the electrical model of
profile III, a three-layer structure (Fig. 3a) is revealed with in‐
creasing resistivity from the surface to the deep. The conductive
layer (0–200 m; <50 Ω·m) can be corresponded to the volcanic
rocks, the middle transition zone (200–3 000 m; 50–300 Ω·m) is
suggested as the Paleozoic–Triassic sediments effected by the
volcanism, and a deep resistive layer (3 000–5 000 m; >300 Ω·
m) may indicate the deep batholith beneath Chating. Moreover,
the vertically oriented resistivity body (>300 Ω·m) at distance of
21–23 km along the profile III can be inferred as the Chating ore-
bearing intrusion, consistent with the ore-bearing porphyritic di‐
orite revealed by the drillhole. Geological model of profile III-1
shows a large batholith under the Xinhezhuang anticline and
Kunshan synclinorium (Fig. 3d), and the Paleozoic strata of Xin‐
hezhuang anticline has thrusted on the Cretaceous volcanic
rocks. However, the Xinhezhuang anticline is shown as a closed
fold system instead of overturned structure in profile III-2
(Fig. 4d).

3.1.3 Xuancheng Basin
The Xuancheng Basin directed in NE-SW is covered by

the Cretaceous–Quaternary sediments. It has been controlled by
the KSF on its western margin, and developed into a dustpan
shape, depressing towards the KSF during the sedimentation
(Figs. 1b, 7). As shown in the seismic reflection migration pro‐
file D01 (Fig. 5), the reflection of the lower boundary (~2 km) of
the Cretaceous strata (CDP 5660–4260, 1 s) is clear and shows a
“bowl” shape with the center at CDP 4759. A series of arc-
shaped reflections is revealed in the basement of this basin (be‐
low 1 s), and inferred as the Paleozoic–Triassic strata through
the regional stratigraphic sequence. In the geo-electrical model
of profile III-1 (along the profile, Fig. 3a), two major resistivity
layers are at distance from 31 to 55 km. The lower resistive lay‐
er (50–200 Ω·m) composed of the Paleozoic–Triassic sediments
underlies the Cretaceous volcanic rocks, causing conductive
structure (<20 Ω·m). The center of the basin is located in Shen‐
cun with maximum thickness of ~2 km (Fig. 4a). For the east‐
ern basin in profile III-2, a low-gravity anomaly with a width of
~8 km (Fig. 4c) is revealed. Angle unconformity is the major
feature between the Paleozoic–Triassic and Cretaceous strata.

3.1.4 Magushan-Yishan anticlinorium
The Magushan-Yishan anticlinorium comprises two anti‐

clines and is located in the eastern NXOR, exposing rarely
(Figs. 1b, 7). Seismic reflection migration profile D01 (Fig. 5)
shows a relatively clear reflection at CDP 2659–3559, corre‐
sponding to the lower boundary of Cretaceous strata (0.2 s). A
series of wave-shaped reflections are revealed in double travel-
time range of 0.2–2.0 s, attributing to the Paleozoic strata. The
reflections beneath 2.0 s have scattered and indistinct character‐
istics, inferred as the responses of deep igneous rocks. The elec‐
trical profile III-2 (26–38 km) shows a resistive body (>1 000
Ω ·m) (Fig. 4a), coinsistent with an E-W-oriented high-gravity
anomaly (Fig. 4c). It can be inferred as the Paleozoic strata. The
core of the anticline (profile 30–35 km) has exposed on the sur‐
face. A fault, which is indicated by a resistivity distortion zone
at a depth of 1–2 km, is suggested separating the Silurian for‐
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mation (profile ~30 km). Interpreted geological profile indi‐
cates a concealed and inverted Magushan anticlinorium, over‐
laying by the thick Cretaceous strata on profile III-1. More‐
over, there are obvious Permian–Silurian units on profile III-1,
forming an inverted syncline with Carboniferous strata in the an‐
ticlinal core (Fig. 3d). On profile III-2, an incomplete Magushan
anticline is shown and can be attributed to the absent of south‐
eastern limb because of the eroding. Its northwestern limb com‐
prises Triassic–Silurian units. For the Yishan anticline, struc‐
tures on profile II show a well developed northwestern limb
comprising of Triassic–Silurian units, while a insidious south‐
eastern limb controlled by faults (Fig. 2d). The structure of Ma‐
gushan-Yishan anticlinorium is complicated and obscure due
to the regional compression. As shown in Figs. 4d, 5, 6, there

may be a deep batholith in this area.

3.2 Major Faults
The fault system in the NXOR comprises “four longitudi‐

nal and two lateral” faults. The longitudinal faults in this ore
district are QHF, KITNS, JNF, and SHF, while the lateral are
ZNF and ZWF (Figs. 1b, 7). In addition, the QHF and ZWF
have constrained the basin boundaries (Fig. 1b).

3.2.1 Qingshui-Hewan fault (QHF)
The QHF fault has controlled the development of Nanling

Basin (Figs. 1b, 7). Lü et al. (2014) proposed that it was the
main thrust-nappe structure in the MLYB and had controlled
the formation of Tongling and Ningwu ore districts to the west.

Figure 6. Migrated and interpreted reflection seismic of line D02. Є. Cambrian; Ο. Ordovician; S. Silurian; D. Devonian; C. Carboniferous; P. Permian; T. Tri‐

assic; K. Cretaceous; γδπ. granodiorite porphyry; γδ. Granodiorite.

Figure 5. Migrated and interpreted reflection seismic section of line D01. Є. Cambrian; Ο. Ordovician; S. Silurian; D. Devonian; C. Carboniferous; P. Permian;

T. Triassic; K1. Lower Cretaceous; K2. Upper Cretaceous; γ. granites.
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This normal fault is generally directed in NE-SW, dipping in
40°SE (Fig. 8a). High and low Bouguer gravity and magnetic
anomalies are distributed on both sides of this fault, which is
characterized by gradient zone. Furthermore, the structured
variations are also revealed in the electrical model (Fig. 2a).

3.2.2 Sanlizhen-Hexizhen fault (SHF)
The SHF is a newly discovered concealed fault beneath

the Nanling Basin (Figs. 1b, 7). This fault is evident by a gradi‐
ent zone of gravity, magnetic, and electrical image (Figs. 2b,
2c). The SHF is a syn-orogen basement fault formed in the In‐
dosinian, and does not cut the overlying Cretaceous strata. It is
suggested as a thrust directed in NE-SW with gentle dipping.

3.2.3 Kunshan imbricate thrust-nappe structure (KITNS)
The shallow part of the KITNS consists retrograde anti‐

cline, NE directional thrust, and NW-trending strike-slip fault
system, developing in the Paleozoic–Triassic strata (Figs. 1b,
9). Because a series of deposits in the NXOR occured in the up‐
per and lower plates of this thrust nappe, its geological struc‐
ture is important for understanding the mineralization. Accord‐
ing to the D02, the strong reflections at CDP 2850–3500 can be
interpreted as the Cambrian –Ordovician strata (Fig. 6). The
KITNS (0.5–2.5 s) with an 8 km extension is suggested as a
thrust-nappe interface (LQF). A series of imbricate reflections
identified in the upper plate represent the thrust-nappe schists,
containing the sub-thrust faults at double travel-time of 0.3,
0.1, 0.1, and 0.25 s. These sub-thrusts may referred to the Qiao‐

maishan fault (QMF), Chishan fault (CSF), and Kunshan fault
(KSF) from the northeastern area to the southwest (Fig. 6). The
major thrust interface is also revealed in electrical model of III-
1 (Fig. 3a) between a resistivity and conductive layer at dis‐
tance of 25 km, corresponding to the structure in the seismic
profile. The KSF displayed as an abrupt transition in the electri‐
cal model (Fig. 3a) may have controlled the western boundary
of the Xuancheng Basin.

3.2.4 Jiangnan fault (JNF)
The Jiangnan fault is not exposed on the most surface of

the NXOR but appears in the Jingxian to the south of our study
region (Fig. 8c). As an important target for our investigation,
the JNF at CDP 5159 – 3559 dips steeply in the shallow area
and separates the Cambrian–Ordovician and Precambrian strata
(Fig. 5). Reflections on both sides of the JNF are significantly
different, indicating the different basements of MLYB and
Jiangnan Orogen. The Dongling basement is represented as a
relatively conductive layer in the electrical model, on the north‐
east of JNF, while the Jiangnan basement on the southwest of
JNF is resistive. The anomaly with high Bouguer gravity be‐
neath the Jingtingshan-Liqiao area also represents the density
differences between Dongling and Jiangnan basement, compar‐
ing with the Bouguer gravity data of Xuancheng area. The den‐
sity of Dongling basement is higher than that of the Jiangnan
basement.

Figure 7. Structure outline map of the NXOR.
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3.2.5 Zhouwang fault (ZWF)
The ZWF is a boundary between the Lower Yangtze de‐

pression and the Jiangnan uplift (Figs. 1b, 7). This fault is gener‐
ally directed in E-W and locally in ENE-WSW. The Paleozoic–
Mesozoic strata with obvious fold structures formed on the
south of the fault. The ZWF rarely exposed in our study region
has formed into a thrust at first and transformed into a normal
(Fig. 8d). According to the D01 (Fig. 5), a series of reflections
dipping steeply to the northwest at DCP 3200–2800 cut through
the arc-shaped reflections in range of 0–2 s. These structures
are corresponding to a electrical gradient belt, and can be in‐
ferred to the ZWF (Fig. 5). Therefore, the ZWF are suggested
as a series of normal faults, dipping in NW. In addition, Bougu‐
er gravity anomalies also have obvious differences on sides of
this fault.

3.2.6 Zhongming-Nanling fault (ZNF)
The ZNF is a concealed fault and may control the diagene‐

sis. The fault directed in EW is located in the gravity gradient
zone, showing obvious differences on both sides. On the aero‐
magnetic pole anomaly map, the fault exhibits a series of high
magnetic anomalies on the background with high values. In the
electrical model, this fault is represented as a isoline distortion
zone.

3.3 Three-Dimensional Geological Model Interpretation
The 2D profiles can only reflect the features of geological

bodies perpendicular to the tectonic strikes. To reveal the lateral

spatial morphology of the geological structures, the 3D model
can better reflect the features of the geological bodies between
the parallel profiles. In this study, the physical property parame‐
ters of the main geological bodies are collected and counted sys‐
tematically (Table 1), and we constructed the 3D physical prop‐
erty units, including the Upper Cretaceous –Quaternary layer
showing as a set of low resistivity amd density layer; the Triassic
layer exhibiting high-resistivity and high-density; the Silurian–
Permian layer represented as the conductive and medium-den‐
sity layer; the Upper Cambrian – Ordovician strata showing
high resistivity and density instead of low resistivity and densi‐
ty in the Jiangnan area; the Lower Cambrian with low resistivi‐
ty and medium-low density.

Figure 9a shows the 3D geological structure of the NX‐
OR, and Fig. 9b shows the slices, revealing the 3D distribution
of the major geological units in our study area. It is consistent
with the geological profiles III-1 and III-2. In this model, the
NXOR composes of two compound anticlines and two basins
(Fig. 9a). The exposed area of the compound anticlines is 110
km2, which occupies only 1.4% of the ore district. These anti‐
clines compose of Silurian and Devonian strata that have been
intruded by a large concealed batholith in the core (depth of
1.5 km). Constraining by the deep-drilling data, it is suggested
superimposed by the KITNS overlying Paleozoic – Mesozoic
strata forming a series of thrust faults extended to the Upper
Cretaceous Chishan Formation or volcanic rocks (Fig. 9b).
Some skarn deposits occurred in the contact zone between in‐
trusions and limestone strata of the upper plate of this thrust

Figure 8. Field photographs showing the structural characteristics of major faults in the NXOR. (a) QHF, a sinistral strike-slip fault with normal component;

(b) thrust fault exposed in the Yangxian area, the Devonian sandstone over the Early Cretaceous volcanic rocks; (c) JNF, a fault and wide fault-and-fracture

zone developed in the Carboniferous; (d) ZWF, as a boundary normal fault, locates between the Silurian sandstone and the Xuancheng Basin.
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Figure 9. 3D-geological model of the NXOR. (a) 3D-geological model; (b) the sections of 3D-geological model including Chating Cu-Au deposit; LQF. basins and

the concealed intrusive rocks; (c) 3D-geological model of the basins with “two layer structure”; (d) 3D-geological model of magmatic rocks; (e) 3D-geological

model of faults.
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structure, such as the Tongshan-Qiaomaishan Cu-S-(W) depos‐
it. However, porphyry deposits related to the deep conceale plu‐
ton have formed in the porphyritic quartz diorite in the Creta‐
ceous Chishan Formation or volcanic rocks of the lower plate,
such as the Chating Cu-Au deposit (Fig. 9b). The three-layer
structure of the Magushan-Yishan anticline is clearly revealed
(Fig. 9b). The shallow part (<1 000 m) is an inverted anticline,
and the core has been intruded by an intrusion. The southeast‐
ern limb composes of Paleozoic strata, and the northwestern
limb was inverted. The deep part (>1 000 m) composes primari‐
ly of a deep concealed intrusion and its differentiated smaller
branches. The Magushan skarn deposit occurs in the contact
zone between this intrusion and Paleozoic strata. Drilling data
show that the two limbs of the Yishan anticline comprise Chishan
Formation at depths <1 500 m, while fold structure in the
Paleozoic–Mesozoic strata are appeared at depths >1 500 m.

In the other hand, the basins have a two-layer structure
(Fig. 9c), clearly presenting in the reflection seismic and MT
results. Nanling Basin is thick in the northwestern part and thin
in the southeast, in which (Fig. 9c) the bottom boundary of the
basin (Upper Triassic) ranges from 1.0 to 2.5 km in depth. In
the south and east of this basin, the thickness decreases in the
transition zone beneath the Jinglingshan-Liqiao complex anti‐

cline. The basement of the basin is a large buried intrusion
comprising granodiorite (Fig. 9d), which is related to the con‐
cealed deep faults (Fig. 9e). Compared with the Nanling Basin,
the Xuancheng Basin is smaller and shallower in central parts
because of folding and uplift. Therefore, there are several sub-
uplifts and sub-depressions in this region. In our study region,
the basements of both Nanling and Xuancheng basins are Trias‐
sic and older sedimentary strata, which tectonic pattern is a se‐
ries of anticlines and synclines.

4 DISCUSSION
4.1 Mineralizational Constraints of the Deep Plutons

Based on the above results and interpretations, the deep
and concealed Chating and Magushan plutons are suggested to
be the “source region” of the mineralization in the NXOR.

The Chating porphyritic granodiorite pluton is located be‐
neath the eastern Nanling Basin and the Xinhezhuang anticline.
The shallower part (<6 km) has a maximum width of 20 km and
has been cut by the KSF in the southeast (Fig. 3d). It is located
at CDP 3858–3750 of seismic profile D02 (Fig. 6), showing
weak and disorder reflections. The aeromagnetic anomaly indi‐
cates that this pluton has a shallowest top depth of 0.86 km be‐
tween the northern Shuiyang and southern Gaochun, while the

Table 1 Physical parameters of modeling unit

Strata and rocks

Quaternary

Neogene–Upper Cretaceous

Lower Cretaceous (Zhongfencun, Kedoushan, Dawangcun formations)

Triassic

Middle and Upper Permian

Carboniferous–Lower Permian

Devonian–Silurian (Lower Yangtze region)

Devonian–Silurian (Jiangnan region)

Ordovician–Cambrian (Lower Yangtze region)

Ordovician–Cambrian (Jiangnan region)

Pyroxene diorite

Diabase

Granodiorite (porphyry)

Granite porphyry

Granodiorite batholith

Granosyenite (porphyroid)

Quartz syenite porphyry

Diorite (porphyrite)

Orthophyre

Monzonitic granite

Coarse porphyrite

Quartz (diorite) monzonite

Quartz diorite (porphyry)

Modeling unit code

Q

N–K2

K1z (K1d, K1k)

T

P2–3

C–P1q

D–S1g

D–S1x

O–Є

O–Є

γδ

βE

γδ(π)

γπ

γδ

(π)ξγ

πδο

δ(μ)

ξπ

ηγ

ταπ

η(δ)ο

(π)δο

Density

(g/cm³)

1.87

2.36

2.40–2.44

2.65–2.68

2.40

2.69–2.7

2.52–2.56

2.5–2.52

2.75

2.65

2.65

2.63

2.60–2.69

2.50–2.54

2.65

2.44

2.57–2.62

2.58

2.42

2.6

2.55

2.57–2.62

2.57–2.62

Magnetism

(×10-2 A/m)

0

0

20

0

0

0

0

0

0

0

120–150

150

120–150

80–100

250

70–150

146

80–120

0–50

200–230

0

150–200

150–210

Resistivity

(Ω·m)

0–10

500

800

5 000–10 000

3 000

15 000

10 000

10 000

20 000

20 000

5 000

20 000

50 000

50 000

20 000

10 000

5 000

6 000

8 000

2 000

2 000

2 000

3 000
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depth increases in western Chating at ~1.3–1.5 km. Local high
magnetic anomalies with different orientations may be attribut‐
ed to localized shallow intrusion and mineralization. These por‐
phyritic granodiorite intrusions may control the mineralization
of Cu-Au deposit, example for the Chating deposit. The instru‐
sion bebeath Chating is covered by the Middle Cretaceous vol‐
canics with a top depth of 100 m. In the electrical model, it is
represented by a resistor, in which the conductive body can be
corresponds to the Chating Cu-Au deposit (Fig. 3a).

The Magushan pluton is located beneath Magushan-
Dawang area. The shallower part (<6 km) has a maximum
width of 8 km, and a miximum width of 1 km on the top (Fig.
4d). The seismic reflections has absent in this pluton (Fig. 5).
The top depth of this intrusion is ~2.8 km (1.4 s). A fault above
this intrusion may be the channel for mineral migration. Aero‐
magnetic results suggest Magushan pluton is directed in N-S
with a extension decreasing to the deep. It suggests that the up‐
per part of the pluton is granodiorite with high magnet and den‐
sity, and the lower part is porphyritic granodiorite with high
magnet and low density. Its distribution is coinsistent with the
responses in the electrical model (Fig. 4a).

The intrusive-related metal deposits have occurred in the
shallower part of the Chating and Magushan plutons. Chating
porphyry Cu-Au deposit can be attributed to the shallow part of
the Chating concealed pluton. Together with the peripheral
Tangjiazui hydrothermal-vein Pb-Zn deposits, a Chating-
Tangjiazui mineralization area can be defined. The skarn-type
Cu-Mo deposit can beattributed to the granodiorite in the shal‐
lower part of the Magushan pluton. Together with several hydro‐
thermal-vein Pb-Zn polymetallic deposits, the Magushan miner‐
alization area can be defined. These two areas are characterized
by a high-temperature mineralization in the center and low-tem‐
perature mineralization all around. Although the deposit charac‐
teristics of location, time and mineralization are different in
these two areas, hydrothermal fluids and associated minerals are
suggested coming from the deep concealed intrusions. There‐
fore, the future porphyry-type and skarn-type deposit prospect‐
ing can focus on the contacted zones between the shallower in‐
trusions differentiated from the deep and the carbonate strata.

4.2 Mineralization Constraints of the Deep Tectonics
The KITNS and JNF are suggested the channels for the

magmatic-hydrothermal migration and providing spaces for
mineralization in the NXOR.

4.2.1 Constraints of the KITNS
The KITNS is the southern extension of the Maoshan

nappe structure and exposed in the Liqiao-Jiulianshan area
(Fig. 7). In this study, detailed field investigation results show
that the KITNS directed in NE-SW corss the Nanling Basin,
the Jingtingshan-Liqiao anticlinorium, and the Xuancheng Ba‐
sin. It can be separated into the Liqiao-Xinhe and Xinhe-
Jiulianshan sections (Fig. 1b). Nappe structures have been su‐
perimposed on the Liqiao anticlinorium, and characterized by
the overturned anticline, significant NE directed thrust, and
NW strike-slip fault system (Fig. 8b). The NE directed thrust is
cut by NW directed strike-slip fault, forming a complex fault
structural system. A series of imbricated faults are shown in the

reflected seismic profile. These imbricated faults are exposed
on the surface, and compose of the Liqiao, Qiaomaishan, Chi-
shan, and Kunshan thrust faults from northern area to the
south. The Liqiao and Kunshan faults are the northern and
southern boundary of this fault system, presenting extensional
features in the early development stage. Therefore, these imbri‐
cate faults may control the metallogenesis.

The Chating porphyry Cu-Au deposit is found in the lower
plate of KITNS, and the drilling data indicate the KITNS has
not affected the ore body (Fig. 10). However, the skarn and mag‐
matic-hydrothermal deposits (Tongshan-Qiaomaishan, Chang-
shan, Shuangjing, and Shizishan) found in the upper plate of
KITNS have been controlled by the limb, faults, and interlayer
fractures of the inverted anticline. The ore-bodies occured in
the contact zones between clastic rocks and carbonate rocks,
fracture zones between carbonate rocks and intrusions, and the
contact zones between intrusions and surrounding rocks (Fig.
10). Therefore, the Early Cretaceous mineralization was con‐
trolled by the multi-stage activities of this nappe structure. Dur‐
ing the Early Cretaceous, the KITNS has reactivated, and con‐
trolled the mineralization with the fold and interlayer slips. It is
obvious that this thrust nappe makes it potential to search for
the distal skarn-type or magmatic-hydrothermal type deposits
in the lower plate.

4.2.2 Constraints of the JNF
The JNF spaned the South China is a large-scale and deep

fault controlling the deformation since the Mesoproterozoic
(Yang, 1988, 1981). Previous studies have focused on the west‐
ern section of this fault, while the eastern section in Anhui
Province gained less attention because of the large-scaled sedi‐
ment cover (Fig. 7). The JNF is a concealed fault in the NXOR
(Fig. 8c) and is directed mostly NE-SW. It is an important
boundary between the Lower Yangtze basin and the Jiangnan
uplift, originating from subduction-collision process between
the Cathaysia and Yangtze blocks and controlling the back-arc
basin in the Yangtze (Zheng et al., 2020). Moreover, This fault
was reactivated during the Caledonian and Hercynian oroge‐
nies and formed the present pattern during the Indosinian intra‐
continental orogeny. The Xikou Group developed in the back-
arc basin on southeast of this fault instead of the northwestern
area, causing the Kongling-Dongling and Jiangnan basements
on both sides of the JNF (Fig. 10). The Kongling-Dongling
basement rocks on north of the JNF have a high density and
low resistivity, while Jiangnan basement rocks have low densi‐
ty and low resistivity.

On north of the JNF, the intrusions compose mainly of
porphyritic quartz diorite and characterized by high-K calc-
alkaline. These intrusions are enriched in large-ion lithophile el‐
ements (LILEs; e.g., K, Rb, Sr, and Ba) and light rare-earth ele‐
ments (LREEs), and is depleted in high-field-strength elements
(HFSEs; e.g., Nb, Ta, and Ti) (Qi et al., 2020; Xu et al., 2020).
It also shows weak Eu anomalies, but high ratios of Sr/Y and
La/Yb, indicating adakitic feature. The plutons are also en‐
riched in whole-rock Sr-Nd isotope compositions ((87Sr/86Sr)i =
0.706–0.707, εNd(t) = -6.9 to -9.1; Qi et al., 2020; Jiang et al.,
2017), the Hf isotope composition of zircon (εHf(t) = -6.7 to
-12.2), old two-stage model age (TDM2 = 1.5–2.0 Ga), and the
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Paleoproterozoic inherited zircons (Qi at al., 2020). These re‐
sults suggest that the primitive magma derived from the basalt
of enriched lithospheric mantle and mixed with ancient Yang‐
tze Block crustal material (Xu et al., 2019; Jiang et al., 2017).
The porphyry Cu-Au and skarn Cu-Mo-W-S deposits occurred
in these intrusions have been timing in 139 Ma (Xu et al.,
2019) and 133 Ma (Lu et al., 2020), coherent with the ore bear‐
ing magmatic rocks (quartz diorite porphyrite and granodiorite
porphyry). Moreover, and the metal minerals and ore-forming
hydrothermal fluids are related to magmatic-hydrothermal flu‐
ids (Lu et al., 2020; Qi et al., 2020; Xiao et al., 2019, 2018; Xu
et al., 2018). The above diagenesis and mineralization can be
attributed to the products of the first stage (146–135 Ma) of the
MLYB (Lu et al., 2020).

In the other hand, the magmatic activity of first stage on
south of the JNF can be represented by the Magushan pluton,
showing different geochemistrical characteristics with the Cha-
ting pluton. The Magushan granodiorites are I-type granites
characterized by peraluminous and high alkalinity (Qi et al.,
2019). These intrusions are enriched in LILEs and depleted in
HFSEs (Qi et al., 2019). Comparing with the porphyrites, these
granodiorites have higher (87Sr/86Sr)i (0.708 – 0.710) and εNd(t)
(-5.4 to -5.2) values, as well as higher zircon εHf(t) values of -
4.6 to -1.4 and younger two-stage model ages (TDM2 = 1.5–1.2
Ga; Qi et al., 2019). These characteristics suggest that the mag‐
ma source of these intrusive rocks originated from enriched
lithospheric mantle, mixing the Neoproterozoic crustal materi‐
als of the Jiangnan uplift. It is consistent with the metallogenic
rocks of the W-Mo-Cu deposits in the eastern Jiangnan uplift
(150–135 Ma; Gu et al., 2017; Yan et al., 2017; Song et al.,
2014; Xue et al., 2009). These geochemical differences also in‐
dicate that the variation of basement materials has played a key
role in mineralization of the NXOR (Chang et al., 2019; Zhou
et al., 2017). The Magushan skarn Cu-Mo deposit, which was

associated with the Magushan pluton, developed on the south
of JNF and formed in 143.8 Ma (Lu et al., 2020), coherent with
the formation age of metallogenic host rock (136.4–135.3 Ma;
Xu et al., 2020; Qi et al., 2019). The aforementioned mineral‐
ization event can be classify into the first mineralization stage
(150–135 Ma) in the eastern Jiangnan uplift, relating to skarn-
type W-Mo-Cu deposit (Lu et al., 2020; Qi et al., 2019).

5 CONCLUSION
Combining high-resolution geophysical measurements

and previous drilling data, we constructed 3D geological mod‐
el of the NXOR in a depth range of 0–5 000 m and obtained
new insights as follows.

(1) The ore region shows a structural pattern including two
anticlines and two basins, and contains a “four longitudinal and
two lateral” fault system. The basins exhibit a two-layer struc‐
ture, comprising basement consisting of Triassic strata overlain
by Cretaceous to Quaternary rocks.

(2) Major structures associated with mineralization are
JNF and KITNS. The JNF controls both lithofacies and crustal
basements, causing different mineralization types.

(3) Two deep concealed plutons associated with the forma‐
tion of the Chating porphyry-type Cu-Au deposit has been
found by our measurements, which oriented from the differenti‐
ation and emplacement of the intermediate-acid diorite.
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