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Weathered residual Kaolin deposits on the northern margin of the Qinzhou-Hangzhou
Suture Zone are characterized by more feldspar-containing minerals and fewer dark
minerals. These deposits have attracted increasing attention because of their high
whiteness, low harmful impurity content, low depth of weathered mineralization, and
ease for mining. The ore-forming rock masses mainly include granite (granite porphyry),
quartz porphyry, eurite, haplite, and other acidic veins; the ore-bearing walls are mainly of
Upper Proterozoic. Previous studies suggested that dyke rocks related to Kaolin deposits
in this belt belong to the Mesozoic, but there is a lack of information regarding specific
mineralization ages. In this study, two dyke wall-type weathered residual Kaolin deposits
were selected from the northern margin of the Qinzhou-Hangzhou Suture Zone
(Dongxicun and Yinbeidong, Jiangxi Province, China) for zircon SHRIMP dating. Two
zircon U-Pb-based ages were obtained: 843 ± 10Ma from Dongxicun granite veins that
intrude into the Neoproterozoic Jiuling rockmasses; 152.3 ± 1.8 Ma for Yinbeidong granite
porphyry veins that intrude into the Neoproterozoic Anlelin Formation. We suggest that the
dykes related to the Kaolin deposits were formed in the Neoproterozoic and late Jurassic.
The Neoproterozoic dyke may be related to the convergence, formation, or pyrolysis of the
Rodinia Supercontinent and the late Jurassic dyke may be related to the subduction of the
Paleo-Pacific Plate. These results provide a chronological basis for the investigation and
evaluation of weathered residual Kaolin deposits on the Qinzhou-Hangzhou Suture Zone.
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INTRODUCTION

The northern Jiangxi Province is geologically complex with
frequent magmatic activity in the Proterozoic and Mesozoic.
This region has relatively rich Kaolin resources and ranks
among the top in China in terms of reserves. There are nearly
100 known Kaolin deposits and ore sites (Figure 1), among which
the most representative is in the village of Gaoling (Ehu, Fuliang
County) in northeastern Jiangxi (Li et al., 2017; Wang et al.,
2018). The Kaolin deposits are divided into three types:
weathered residual; volcanic hydrothermal alteration;
sedimentary. Weathered residual Kaolin deposits are very
important in terms of reserves and mining quantities. Their
formation is mainly affected by the ore-forming parent rock
masses, tectonic conditions, and water conditions; ore-forming
parent rock masses mainly include granite, pegmatite, and other
acidic veins.

I-Yangtze Plate, I1-Low Yangtze Tectonic Unit, I2-Jiugong
Mountain Tectonic Unit, I3-Wuning-Xiushui Tectonic Unit, I4-
Jiuling Mountain Tectonic Unit, I5-South Edge of Jiuling
Mountain Tectonic Unit, I6-Zhanggong Mountain Tectonic
Unit, I7-Leping Tectonic Unit, Ⅱ-Qingzhou-Hangzhou Suture
Zone, Ⅱ1- Leping-Shexian Melange Subzone, Ⅱ2-Wannian
Tectonic Unit, Ⅱ3-Ophiolite Melange Subzone of Northeast
Jiangxi, Ⅱ4-Huaiyu Mountain Tectonic Unit, Ⅱ5-Dongxiang-
Longyou Ophiolite Melange Subzone, Ⅲ-Cathaysia Plate, Ⅲ1-
Wugong Mountain- North WuYi Mountain Tectonic Unit.

Yichun is located in northwestern Jiangxi Province, with its
geotectonic position on the northern margin of the Qinzhou-
Hangzhou Suture Zone (QHSZ) or the Qinzhou-Hangzhou

Metallogenic Belt (QHMB) between the Yangtze and
Cathaysia plates (Figure 1), roughly equivalent to the Jiangnan
Orogenic Belt. The known mineral resources mainly include
copper, gold, tungsten, iron, coal, lithium, niobium-tantalum,
Kaolin, cement, and groundwater. Among these, Kaolin deposits
have attracted more and more attention due to their high
whiteness, low content of harmful impurities, and ease of
mining. The weathered residual Kaolin deposits in Yichun
(Jiangxi Province) were formed through superficial weathering
of aluminum-rich silicate. Hydrothermal alterations such as
illitization and Kaolinization frequently occur, so Kaolin
deposits are easily weathered. Acidic veins these form Kaolin
deposits from weathered residualization are also controlled by
regional faults and characterized by a zonal distribution. In
general, the acidic veins include more feldspar-containing
minerals, mainly Kaolinite, illite, feldspar, and sericite, but
fewer dark minerals, such as biotite and hornblende. The
minerals are rich in Al2O3 (more than 15%) and have a low
content of harmful impurities, such as TiO2 and Fe2O3 (more
than 3% in total). Despite their small scale, the deposits are found
in large quantities and at low weathered mineralization depths,
and are often produced in groups and belts ranging from tens to
hundreds of meters in length. A single vein has a width of one to
6 m and a single vein belt has a width of tens of meters, which
makes the deposits mining targets. The ore-forming rock masses
mainly include granite, granite porphyry, quartz porphyry, eurite,
haplite, and other veins, and the intrusive wall rocks are mainly of
Neoproterozoic age. Wang and Fang (1994) conducted a
preliminary study of the characteristics and formation
mechanisms of high-quality Kaolin deposits in Yichun using

FIGURE 1 | Distribution of Kaolin deposits and the tectonic location in northern Jiangxi province (after Wang et al., 1986 and Jiang et al., 2015).

Frontiers in Earth Science | www.frontiersin.org March 2022 | Volume 10 | Article 8554592

Li et al. Zircon SHRIMP U-Pb Dating and Significance from Weathered Residual Kaolin Deposits

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


microscopic identification and chemical composition analysis.
They found that the Kaolin is mainly composed of Kaolinite
minerals (largely scaly Kaolinite and tubular 7 A halloysite),
lepidolite (white mica), albite, quartz, and potash feldspar.
Heavy minerals include apatite, topaz, microlite, and niobium-
tantalite, but almost no iron oxide minerals, which may be related
to the post-magmatic hydrothermal alteration of albite. These
regional data suggested that most of the acidic veins that form
Kaolin deposits occurred during the Mesozoic, but there is a lack
of data for specific mineralization ages. In this study, we selected
two weathered residual Kaolin deposits from Dongxicun and
Yinbeidong in Yichun (northern QHMB margin) for zircon
SHRIMP U-Pb dating and recorded two ages from veins in
Kaolin deposits, 843 ± 10 Ma (granite veins in deposits
intruding into Jiuling tonalite masses) and 152.3 ± 1.8 Ma
(granite porphyry veins in deposits intruding into the Anlelin
Formation). These two specific U-Pb ages could reveal a
chronological basis for the investigation and evaluation of
weathered residual Kaolin deposits on the Qinzhou-Hangzhou
Suture Zone.

GEOLOGICAL BACKGROUND

In the region, Upper Proterozoic and Quaternary strata are
distributed over a large area (Figure 2), and the
Carboniferous–Triassic, Jurassic, and Cretaceous Systems are
sporadically exposed. The Proterozoic Erathem in the region is

mainly composed of the Yifeng Formation Complex and the
Anlelin Formation. Lithologically, the Yifeng Formation is
mainly sericite (quartz) phyllite (partly schist) containing
inter-layers (or lens) of metatuffaceous rocks, silty sand, and
metaplasia-horn porphyry (metadiabase). The
Carboniferous–Triassic System is mainly composed of
carbonate deposits, with lesser deposits of mudstone. The
Jurassic System is mainly composed of carbonate–clastic
deposits. The Cretaceous System is mainly composed of red,
mostly coarse, clastic rocks. The rock masses are mainly from the
Neoproterozoic Jiuling terrane and the Mesozoic rock masses are
mostly present in the form of rock strains or veins.

The QHSZ has undergone multiple periods of tectonic
deformation. The tectonic traces are mainly NE-trending
folds–faults and a NW-trending fault zone, followed by a near
EW-trending fault zone. The near EW-trending tectonic zone
formed earlier than the NW-trending fault zone and both are
mostly filled by veins. The NE-trending fault zone was the latest
formed (or had the longest active period), and features large scale
and multiple periods. The exposed Anlelin Formation is mainly
of Proterozoic age. The lower section is a thickly layered variable
residual fine to medium-grained lithic sandstone intercalated
with silty slate. The middle section is thin–medium layered
variable residual siltstone and silty slate, containing variable
residual fine-grained lithic sandstone and metastatic tuff inter-
layers (or lens). The Neoproterozoic Jiuling compound rock
masses are mainly exposed and are produced in the form of
rock bases. Lithologically, from old to new, they are roughly

FIGURE 2 | Regional geological map in Yichun area of Jiangxi province and location of the samples (after the author participated in the 1:50,000 Gaocun, Daqiao
and Xujiadu regional geological survey project). a-Middle member of Neoproterozoic Anlelin Formation, b-Lower member of Neoproterozoic Anlelin Formation,
c-Neoproterozoic monzogranite, d-Neoproterozoic granodiorite, e-Neoproterozoic tonalite, f-Late Cretaceous monzogranite, g-Acid dykes, h-Fault, i-Attitude of
schistosity, j-Sampling location and number.
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tonalite, granodiorite, and monzogranite. Previously reported
ages of the Jiuling rock masses are mainly derived from
samples on the northern margin and are generally 816 to
837 Ma (Zhong et al., 2005; Yuan et al., 2012; Duan et al.,
2019). The Mesozoic rock masses have a small exposed area
and are predominantly present in the form of rock strains and
veins. They are mainly granites with some Kaolin deposits
weathered from granite veins.

SAMPLING

Samples for this study were recovered from the newly mined
village of Dongxicun and Yinbeidong Kaolin deposits in Yichun
(Figure 2). The ore-forming granite vein (Sample 1725) of the
Kaolin deposits in Dongxicun is distributed along the NW and
intrudes into the Neoproterozoic Jiuling medium to fine-grained
tonalite masses. The exposed width of the vein zone is 10–20 m,
the current mining depth is over 6 m. Granite veins, which
became yellow–white and fine to medium-grained structures
upon weathering, are mainly composed of feldspar and quartz.
The feldspars are yellowish-white, white, and earthy upon
weathering, and mainly include plagioclase feldspar (35%
abundance; 0.5–1.5 mm), mostly sericitized potassium feldspar
(20%; 0.7–2.0 mm), and colorless quartz (35%; 0.3–1.5 mm) that
features hypautomorphic-allotriomorphic filling (Figure 3A).
Biotite has been altered by chlorite and limonite, with a
content of less than 3%. Accessory minerals include trace
amounts of apatite and magnetite.

Distributed in a near EW direction, the Yinbeidong Kaolin
ore-forming granite porphyry vein (Sample 1717) roughly occurs
at 345° < 88° and intrudes into the plate-like metasiltstone of the
Neoproterozoic Anlelin Formation. The exposed width of the
vein is about 20 m, the current mining depth is over 4 m. Quartz
veinlets have developed in veins and plate-like metasiltstones.
The veinlet density is 8–10 pieces/m, with single pieces 0.6–4 cm
in width; the occurrence of the veinlets is similar to the granite
porphyry intrusion surfaces. After weathering, the granite
porphyry vein is white (slightly greenish-white when fresh)
with a porphyritic structure. Phenocrysts (about 30%) are
mainly feldspar and the matrix (about 70%) is mainly felsic
rock and biotite (< 0.5%) with a rust-colored surface upon

iron precipitation and weathering. Feldspar phenocrysts are
mainly plagioclase feldspar, with polysynthetic twins and
Carlsbad-albite compound twins. The surface is mostly
sericitized, white and subhedral (1.5–2.5 mm). The potassium
feldspar phenocrysts (1.5–3.0 mm) have a striped structure and
are allotriomorphic. Quartz (0.3–1.5 mm) is allotriomorphic and
mostly filled with other mineral particles, with obvious wavy
extinction (Figure 3B). Local chloritization and ferritization
occurs, with few iron mineral particles. The accessory minerals
include trace amounts of apatite and magnetite. Plate-like
metasiltstone xenoliths of the Anlelin Formation are present in
the veins, with sulfide aggregates such as pyrite and marcasite
occasionally observed. Pyrite (0.5–2 mm) is light yellow and
cube-shaped, while marcasite (0.5–2 mm) is light white and
allotriomorphic.

METHODS

After sampling, the material was crushed and then subjected to
gravitational force and magnetic separation. The zircons were
selected under a binocular lens, and then the particles and several
reference samples (TEM) were placed on an epoxy resin target.
They were then ground and used for transmission, reflection,
cathode luminescence (CL) imaging, and SHRIMP U-Pb
measurements. The CL images were taken at Institute of
Geology, Chinese Academy of Geological Sciences.

The zircon U-Pb age data were generated from the SHRIMP II
instrument of the Beijing SHRIMP Center (Institute of Geology,
Chinese Academy of Geological Sciences). For detailed analytical
procedures and principles, refer to Compston et al. (1992). The
programs Ludwig SQUID 1.0 and ISOPLOT were used for data
processing. A value recommended by the International Union of
Geological Sciences (1977) was used as the age calculation
constant. The error of a single data point is 1σ and the
weighted average age has a confidence level of 95%.

RESULTS

A total of 18 measuring points for 18 zircons in Sample 1725 were
subjected to SHRIMP U-Pb dating. The results are shown in

FIGURE 3 | Photomicrographs of the granite dyke (Sample 1725) (A) and the granitic porphyry dyke (Sample 1717) (B) Qz-quartz; Pl-plagioclase; Kfs-potash
feldspar; Srt-sericite.
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Table 1 and the corresponding CL images are shown in
Figure 4A. In Sample 1717, a total of 24 measuring points for
22 zircons were subjected to SHRIMP U-Pb dating, with the
results shown in Table 2 and corresponding CL images in
Figure 4B.

The points 1725–4, 1725–5 and 1725–10 do not lie on the
harmonic curves, with an age range of 887 ± 12 Ma to 945 ±
13 Ma. The measuring points can be divided into two groups
distributed on the U-Pb harmonic curves (Figures 5A,B), except
for 1725–11, 1725–12, 1725–15, 1725–17, and 1725–18 because
they are relatively old (891 ± 12–1,013 ± 14 Ma). For the group
with younger ages, the 206Pb/238U age was weighted and averaged;
an age of 843 ± 10 Ma was obtained (MSWD = 0.12, n = 5). The
zircons are shaped like short columns and mostly have a ring
structure, U contents of 285–665 ppm, and Th/U ratios of
0.13–0.20. They are magmatic zircons and represent the
emplacement of the granite veins. The second group was
characterized by relatively older 206Pb/238U ages (871 ± 11 Ma,
MSWD= 0.51, n = 5), high U contents (324–889 ppm), and Th/U
ratios of 0.15–0.26. The zircons are shaped like short to long
columns and mostly have a ring structure; they could represent a
record of the Jiuling tonalite wall rocks. The oldest zircons (891 ±
12 to 1,013 ± 14 Ma) are mostly ellipsoidal, except for 1725–17
that is shaped like long columns, and most have a ring structure.
They may represent a record of the regional wall rocks from the
magma source area or the magma influx area.

The measuring points from Sample 1717 can be divided into
two groups and distributed on the U-Pb harmonic curves
(Figures 5C,D), except for 1717–11, 1717–21, 1717–22, and
1717–24, which are relatively older. In the first group, the
206Pb/238U age was weighted and averaged and an age of
152.3 ± 1.8 Ma (MSWD = 0.77, n = 7) was obtained. The
zircons are shaped like short columns (larger than the
captured zircon particles) and most of them have a ring
structure, U contents of 207–4,230 ppm, and Th/U ratios of
0.25–0.86. They are magmatic zircons and represent the

emplacement of granite porphyry veins. The second group has
an 206Pb/238U age of 170.5–206.2 Ma, high U contents
(1957–26,130 ppm), and Th/U ratios of 0.05–0.28 (except for
1717–5). The zircons are shaped like short columns and most of
them have no annulus structure. They may represent a record of
the magma source area or unclosed U-Pb isotopic system. Zircons
aged 869–810 Ma (1717–11 and 1717–22) are mostly shaped like
long columns with no annulus structure, U contents of
118–359 ppm, and Th/U ratios of 0.1–0.46; these may
represent a record of the Anlelin Formation wall rocks and/or
Jiuling rocks. The zircons aged 1,115 ± 14 Ma (1717–24) are
shaped like long columns with a core-mantle structure, U
contents of 1780 ppm, and Th/U ratio of 0.01, and may
represent a basement record. The zircons aged 449.2 ± 6.3 Ma
(1717–21) are shaped like long columns with a core-mantle
structure, U content of 782 ppm, and Th/U ratio of 0.26; these
may represent a Caledonian thermal event.

The older zircon ages (891–1,013 Ma) captured in Sample
1725 are equivalent to the 40Ar/39Ar age (928 ± 19 Ma) of the
Xiwan albite granite in Dexing, Jiangxi (928 ± 19 Ma) (Hu et al.,
1998) or the zircon U-Pb age of amphibole granite mixed into
ophiolite (about 968 Ma) (Li et al., 1994), which may reflect
residual rock fragments of the South China Sea (Yang et al., 2012;
Wu et al., 2016) or the convergence, formation, and
disintegration of the Rodinia Supercontinent (Hao and Zhai,
2004; Lu et al., 2004; Pan et al., 2016). The age of another group of
zircons captured by granite veins is 871 ± 11 Ma, which may be a
record of the Jiuling tonalite wall rocks. This is slightly older than
the SHRIMP zircon U-Pb age (855 ± 5 Ma) of the Cangxi schist
tuff of Liuyang in the northeastern Hunan Province (Gao et al.,
2011). The emplacement of the granite veins was dated to 843 ±
10 Ma, which is older than ages of the northern margin of the
Jiuling rock masses (837–816 Ma) (Zhong et al., 2005; Yuan et al.,
2012; Sun et al., 2017; Duan et al., 2019; Wu et al., 2019) and the
Shuangqiaoshan Group on the northern margin of Jiuling
(840–819 Ma) (Gao et al., 2011; Zhou et al., 2012). This could

TABLE 1 | SHRIMP Zircon U-Pb data of the granite dyke (Sample 1725) related to Dongxicun Kaolin deposit.

Spot 206Pbc(%) U (ppm) Th (ppm) 232Th/
238U

206Pb*
(ppm)

207Pb*/
206Pb*

±% 207Pb*/
235U

±% 206Pb*/
238U

±% 206Pb/238U
±1σ age (Ma)

208Pb/232Th
±1σ age (Ma)

1 -- 374 91 0.25 45.7 0.0683 1.8 1.343 2.3 0.1426 1.4 859 ±12 901 ±38
2 -- 300 38 0.13 35.8 0.0660 1.6 1.264 2.2 0.1390 1.5 839 ±12 893 ±38
3 -- 382 64 0.17 47.8 0.06801 1.4 1.370 2.0 0.1461 1.5 879 ±12 926 ±30
4 1.68 1,193 132 0.11 155 0.0578 3.0 1.188 3.3 0.1490 1.4 895 ±12 628 ±130
5 0.14 589 51 0.09 74.8 0.0659 1.5 1.340 2.1 0.1475 1.4 887 ±12 910 ±73
6 0.05 291 40 0.14 35.1 0.0666 1.7 1.288 2.3 0.1403 1.5 846 ±12 797 ±45
7 -- 285 38 0.14 34.4 0.0720 2.2 1.398 2.7 0.1407 1.5 849 ±12 1,092 ±72
8 -- 370 60 0.17 45.6 0.0671 1.6 1.330 2.3 0.1437 1.7 866 ±14 891 ±38
9 -- 324 47 0.15 40.6 0.0677 1.9 1.365 2.4 0.1461 1.5 879 ±12 897 ±55
10 -- 420 62 0.15 56.8 0.06888 1.4 1.499 2.0 0.1578 1.4 945 ±13 1,018 ±40
11 0.45 439 54 0.13 64.5 0.0743 2.1 1.744 2.6 0.1702 1.4 1,013 ±14 683 ±85
12 0.55 296 51 0.18 40.5 0.0630 2.5 1.377 2.9 0.1586 1.5 949 ±13 716 ±65
13 0.04 665 127 0.20 79.6 0.06917 1.1 1.327 1.8 0.1392 1.4 840 ±11 675 ±17
14 1.16 891 221 0.26 112 0.0691 2.2 1.377 2.6 0.1445 1.4 870 ±11 1,059 ±49
15 0.87 701 121 0.18 92.4 0.0623 2.4 1.305 2.8 0.1521 1.4 913 ±12 834 ±66
16 0.07 326 52 0.16 39.1 0.0657 1.5 1.266 2.1 0.1398 1.5 844 ±12 852 ±33
17 -- 405 196 0.50 51.3 0.0692 2.1 1.413 2.5 0.1482 1.4 891 ±12 907 ±24
18 -- 215 262 1.26 28.7 0.0727 2.7 1.562 3.1 0.1559 1.6 934 ±14 928 ±21

Note: Pbc and Pb* represent common lead and radioactive lead, respectively. The measured 204Pb is used to correct the common lead in zircons, and the age is 206Pb/238U.

Frontiers in Earth Science | www.frontiersin.org March 2022 | Volume 10 | Article 8554595

Li et al. Zircon SHRIMP U-Pb Dating and Significance from Weathered Residual Kaolin Deposits

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


suggest that the formation of the Neoproterozoic tonalite masses
on the Jiuling southern margin and the Anlelin Formation was
slightly earlier than the rock masses and strata on the northern
margin. Duan et al. (2017) showed that during extension, after the
collision of the Neoproterozoic Cathaysian and Yangtze plates,
magma on the southeastern Jiuling rock masses in the QHMB
had a deep origin and early formation age, and that it gradually
migrated toward the northwestern Jiuling rock masses.

The oldest zircon age of Sample 1717 is 1,115 ± 14 Ma and
may represent a basement record. It is consistent with the zircon
U-Pb age for the volcanic rocks in the Tieshajie Formation
complex (1,119 ± 6 Ma) (Cheng et al., 1991). Another group of
older zircons captured by granite porphyry veins reflected ages
of 869 to 810 Ma, which may be a record of the Anlelin
Formation wall rocks and/or Jiuling rock masses. The age
captured by the granite porphyry veins (449.2 ± 6.3 Ma) is a
record of a Caledonian thermal event and is slightly older than
the granites intruded into the Xinyu Iron Ore Area in the
northern part of the QHMB (~420 Ma) (Zhang et al., 2018),

but is similar to the formation age of the early Caledonian
granites in the eastern part of South China (440–460 Ma)
(Zhang F. R. et al., 2009) and the Wugongshan gneissic
granite in Jiangxi (456.9 ± 2.6 Ma) (Lou et al., 2005). This
suggests that at least one important tectonic magmatism
event occurred in the late Early Paleozoic, which would be
consistent with a lack of Lower Paleozoic strata in the Yichun
area. The youngest age (152.3 ± 1.8 Ma, granite porphyry veins)
represents the emplacement of the veins that become Kaolin
deposits through weathered residualization. This is consistent
with ages of the tungsten-tin-formation granites in southern
Jiangxi (150–155 Ma), such as the Zhangtiantang (Feng et al.,
2007a), Hongtaoling (Feng et al., 2007b), Piaotang (Zhang et al.,
2009b), and Tianmenshan (Liu et al., 2007) rock masses. This
similarity indicates that during the period of tungsten–tin
mineralization caused by large-scale magmatic activity in the
southern Jiangxi (Nanling area), medium acid veins mostly
intruded along fault structures on the southern margin of the
Jiuling rock masses and became, upon weathering, Kaolin
deposits rather than tungsten-tin deposits, which reflects
differences in tectonic structure or magma source. The
tungsten–tin mineralization is located on the Cathaysia Plate
and the Kaolin deposits in the QHSZ between the Cathaysia and
Yangtze plates. Emplacement (152.3 ± 1.8 Ma) of the
Yinbeidong ore-forming granite porphyry veins (Sample
1717) was earlier than the metallogenic age (about 124 Ma)
(Li et al., 2017) of the Gaoling Kaolin ore field in the Ehu rock
base of northeastern Jiangxi (Zhao et al., 2010). The Yinbeidong
Kaolin deposit is located in the Leping-Shexian mélange sub-
belt of the QHSZ and the Ehu Kaolin deposit in the Leping
tectonic unit of the Yangtze Plate, suggesting that the acidic
veins that form Kaolin deposits in the northern Jiangxi tend to
migrate from south to north. Zircons captured by the granite
porphyry veins were dated to 170.5–206.2 Ma and may
represent the age record of the magma source area, be caused
by an unclosed zircon U-Pb isotopic system, or high U contents
(1957–26,130 ppm). This can be seen in 1717–8 to 9, which are
different parts of the same zircon. The age of the center with
annulus structure is 148.9 ± 2.3 Ma and the edge with no
annulus structure is 202.3 ± 2.7 Ma.

DISCUSSION

The early Neoproterozoic thermo-tectonic event of the QHMB
was the product of orogeny and the result of the convergence of
the Rodinia Supercontinent (Lu et al., 2004) during the
transition from Rodinia to the Gondwana Supercontinent
(Zhou et al., 2008). This is slightly later than the typical
Neoproterozoic Grenville orogen globally (Wang et al.,
2017). Zhang (2013) proposed that the Neoproterozoic
orogenic event in the Jiangnan Orogenic Belt is
characterized by multi-period accretion and collage, and
that evolution stages occur at: 1) ~880 Ma, when the
Shuangxiwu arc collaged to Cathaysia Plate; 2) 860–838 Ma,
when the Jiangnan area was part of an arc-back-arc basin, with
developed arc magmatism; 3) 835–825 Ma, when the Jiangnan

FIGURE 4 | CL imagines and 206Pb/ 238U ages of single Zircon of the
granite dyke (Sample 1725) (A) and the granitic porphyry dyke (Sample
1717) (B).
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area was in the co-collision–post-collision stage; 4) < 810 Ma,
when the Jiangnan region entered the premature rift evolution
environment.

The Neoproterozoic lithium deposits in South China are
mostly produced in orogenic belts, and most ore bodies occur
in late rock strains and altered granite and pegmatite veins of

TABLE 2 | SHRIMP Zircon U-Pb data of the granitic porphyry dyke (Sample 1717) related to Yinbeidong Kaolin deposit.

Spot 206Pbc(%) U (ppm) Th (ppm) 232Th/
238U

206Pb*
(ppm)

207Pb*/
206Pb*

±% 207Pb*/
235U

±% 206Pb*/
238U

±% 206Pb/238U ±
1σ age (Ma)

208Pb/232Th
±1σ age (Ma)

1 0.20 207 133 0.67 4.19 0.0495 13 0.160 13 0.02350 1.9 149.7 ±2.9 151 ±13
2 -- 1,210 292 0.25 25.2 0.0511 2.6 0.1706 3.0 0.02422 1.5 154.3 ±2.2 155.9 ±6.2
3 -- 5,500 1,515 0.28 143 0.04959 1.3 0.2066 1.9 0.03021 1.4 191.8 ±2.7 160.6 ±3.4
4 0.02 4,230 2,366 0.58 95.1 0.04923 1.2 0.1775 1.8 0.02616 1.4 166.4 ±2.2 160.6 ±2.6
5 0.98 303 204 0.70 8.90 0.0561 15 0.262 16 0.03381 1.9 214.3 ±4.0 203 ±22
6 -- 20,397 1,020 0.05 529 0.04876 0.51 0.2029 1.4 0.03019 1.3 191.7 ±2.5 189.5 ±4.5
7 0.00 21,091 1,001 0.05 589 0.04895 0.44 0.2194 1.4 0.03251 1.4 206.2 ±2.8 191.2 ±4.0
8 0.08 17,005 862 0.05 468 0.04889 0.60 0.2159 1.5 0.03203 1.3 203.3 ±2.7 175.2 ±6.5
9 -- 579 448 0.80 11.6 0.0497 3.6 0.1599 3.9 0.02336 1.5 148.9 ±2.3 144.1 ±4.0
10 0.27 807 345 0.44 17.9 0.0479 3.3 0.1706 3.6 0.02581 1.5 164.3 ±2.4 139.7 ±4.9
11 0.93 359 34 0.10 44.9 0.0584 4.6 1.162 5.0 0.1443 2.0 869 ±16 459 ±190
12 -- 26,130 1,387 0.05 702 0.04907 0.44 0.2116 1.4 0.03127 1.3 198.5 ±2.6 198.6 ±4.7
13 0.29 5,013 542 0.11 127 0.04742 1.6 0.1918 2.1 0.02933 1.4 186.4 ±2.5 132.2 ±8.9
14 0.45 1957 536 0.28 46.4 0.0489 3.3 0.1855 3.6 0.02750 1.4 174.9 ±2.4 153.1 ±8.1
15 -- 593 342 0.60 12.2 0.0497 4.3 0.1643 4.5 0.02396 1.5 152.6 ±2.3 148.7 ±5.2
16 0.37 581 163 0.29 12.1 0.0454 16 0.151 16 0.02416 1.8 153.9 ±2.7 146 ±32
17 0.04 8,079 833 0.11 186 0.04889 1.1 0.1807 1.7 0.02681 1.4 170.5 ±2.3 161.2 ±5.6
18 -- 1,187 413 0.36 24.6 0.0502 3.1 0.1670 3.4 0.02413 1.4 153.7 ±2.2 157.5 ±6.6
19 0.30 1,694 1,403 0.86 36.4 0.0465 2.2 0.1599 2.6 0.02493 1.4 158.7 ±2.2 147.1 ±2.9
20 0.03 23,396 1,250 0.06 642 0.04880 0.45 0.2149 1.4 0.03195 1.3 202.7 ±2.7 177.4 ±4.2
21 0.92 782 194 0.26 48.9 0.0586 4.2 0.583 4.5 0.0722 1.4 449.2 ±6.3 273 ±36
22 -- 118 52 0.46 13.5 0.0693 6.6 1.280 6.8 0.1339 1.8 810 ±13 864 ±72
23 -- 316 243 0.79 6.45 0.0533 3.8 0.1753 4.2 0.02384 1.6 151.9 ±2.4 150.2 ±4.6
24 0.42 1780 75 0.04 290 0.07869 0.92 2.049 1.6 0.1889 1.4 1,115 ±14

Note: Pbc and Pb* represent common lead and radioactive lead, respectively. The measured 204Pb is used to correct the common lead in zircons, and the age is 206Pb/238U.

FIGURE 5 | SHRIMP Zircon U-Pb concordia diagram of the granite dyke (Sample 1725) (A,B) and the granitic porphyry dyke (Sample 1717) (C,D).
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compound rock masses (Shu et al., 2021). The Neoproterozoic
massive sulfide polymetallic deposits in the QHMB are related to
continental margin island arc volcanism. Neoproterozoic
metamorphic Fe-Mn deposits are related to continental rifting
volcanism and have experienced late transformation of regional
metamorphism and thermal metamorphism (Xu et al., 2015).

In South China during the Mesozoic, the Tethyan Tectonic
Domain was transformed into the Pacific Tectonic Domain
because of the oblique subduction of the Izanagi Plate (Xie
et al., 2005; Xu and Xie, 2005; Mao et al., 2008). Since the
Jurassic, the Izanagi Plate has migrated to the NW and
subducted under the Okhotsk Plate (Wan and Zhu, 2002).
Wang and Shen (2003) suggested that early Mesozoic granite
distributed east to west on the southern ridge of Jiangxi may be
post-orogenic granite related to Indosinian movement.
Together with associated bimodal volcanic rocks and A-type
granite, they formed an extensional tectonic environment and
homologous granitic intrusion–volcanic complex of South
China in the late Mesozoic may be directly associated with
the subduction of the Paleo-Pacific Plate under the Eurasian
Plate. Li et al. (1999), Hu et al. (2004), and Peng et al. (2008)
postulated that Mesozoic magmatic activity in South China
was closed and correlated with lithospheric extension; low
tMD and high εNd belts are considered evidence for
lithospheric extension and strong crust–mantle interactions
(Hong et al., 2002). Previous studies investigated the
relationship between Cretaceous granite magmatism and
lithospheric extension in South China, and proposed five
stages of granite emplacement events at 164–87 Ma (Li,
1999) or 180–80 Ma (Xie et al., 2005).

Mao et al. (2007) indicated that the large-scale tungsten–tin
polymetallic mineralization in the middle and late Jurassic in the
Nanling area is related to the subduction of the Paleo-Pacific Plate,
with mineralization mostly occurring in the back-arc tectonic
setting of the continental margin. Peng et al. (2008) indicated
that the large-scale granite intrusion and explosive mineralization
of tungsten, tin, and other metals in the middle section of Nanling
were formed in a tectonic setting of lithospheric extension,
thinning, and crustal extension that could be associated with
the second Mesozoic lithospheric extension event in South
China. Pei et al. (2008) demonstrated that the early
tungsten–tin mineralization of Nanling strata in the Mesozoic
was associated with deep tectonic–magmatic processes, crustal
magma–tectonic power, and an intrusive contact tectonic
system formed during the tectonic–magmatism of continental
margin–intracontinental orogeny. Hua (2005) proposed that the
mineralization of tungsten and tin was related to dynamic
extension background, crust–mantle interactions, and the
participation of deep heat fluids. Li et al. (2008) indicated that
the middle–late Jurassic tungsten mineralization and multi-stage
tungsten–tin mineralization in South China were the result of
multi-stage subduction of oceanic plates (or ridges) during
different periods. Lin et al. (2020) estimated the difference in
basement depth between the QHSZ and the Cathaysian Plate
through seismic sounding and calculated depths of 0.5–2.0 km
(QHSZ) and 1.5–3.0 km (Cathaysian Plate), with the QHSZ
extending at least 8 km deep. This led to the hypothesis that

differences in basement depth, fault properties, and deep
magmatism cause differences in mineralization.

CONCLUSION

The SHRIMP U-Pb dating of zircons in ore-forming veins of
weathered residual Kaolin deposits on the northern QHMB margin
showed that the ore-forming granite veins intruding into the Jiuling
rock masses are Neoproterozoic (843 ± 10Ma) in age and the ore-
forming granite porphyry veins intruding into Neoproterozoic Anlelin
Formation strata are late Jurassic (152.3 ± 1.8Ma). We suggest that
there were two periods in the formation of ore-forming rock masses of
Kaolin deposits on the northern QHMB margin. Neoproterozoic
Kaolin-forming veins may be related to the convergence, formation,
or disintegration of the Rodinia Supercontinent and the Jurassic
Kaolin-forming veins may be related to the subduction of the
Paleo-Pacific Plate. Therefore, subsequent investigations and
evaluations of weathered residual Kaolin deposits on the QHMB
need to strengthen the identification and evaluation of late Jurassic
and, particularly, Neoproterozoic acidic veins.
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