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A B S T R A C T

Two bauxite horizons, with a total reserve of 1.29 Bt, occur in the Lower Carboniferous and Lower Permian in
the central South China Block. Different from other intracontinental bauxites in China, which are genetically
linked to the orogenesis along the continental margin, these bauxites were generated in the absence of marginal
orogenesis. The genesis of these bauxites were studied based on tectonic, paleogeographic, and paleoclimatic
controls. The orebody in Huofengchong (HFC) region is hosted within the Lower Carboniferous, which overlies
upon the Cambrian dolomite unconformably. The orebody in the regions of Yanfengba (YFB) and Baiyantou
(BYT) occurs in Lower Permian, which overlies upon the Silurian shale or Devonian dolomite unconformably.
The mineral assemblages in the Carboniferous HFC bauxite consist of diaspore, illite, anatase, and in Permian
YFB and BYT bauxite, the minerals are diaspore, anatase, illite, clinochlore, and kaolinite. The data from the U-
Pb isotope measurements of detrital zircons from these bauxites provide two main ages: (1) a maximum U-Pb age
peak of ca. 800Ma from the Carboniferous HFC and (2) a maximum age peak of ca. 1100Ma for the Permian
BYT and YFB. The ca. 800Ma detrital zircons from the Carboniferous bauxite are dominating in the Paleozoic
sedimentary units, which likely derive from the erosion of the Mid- to Neo-proterozoic felsic volcanic and in-
trusive rocks (Panxi-Hannan arc) occurring in the western margin of the South China Block. By contrast, the
zircons with ages of ca. 1100Ma are prevalent in the Paleozoic sediments from the center of the block. The above
results indicate that the Lower Carboniferous and Lower Permian bauxites are sourced from the sedimentary
rocks in the western and central parts of the South China Block, respectively. Despite the difference in the
provenance, these two episodes of deposits were both deposited in a tidal flat-restricted platform attached to an
EW-trending Yangtze island, occupies the western to central parts of the South China block. This indicates that
the shift from a marginal to central uplift within the paleo-island from Early Carboniferous to Early Permian has
induced the transition in the provenance of the source material. In addition, the weathered materials from the
two provenances both accumulated in the coastal region receiving further bauxitization. The bauxitization was
boosted by the persistent preferable tepid and humid paleoclimate, defined by the equatorial position of South
China block and the drop of global temperature during the metallogenic period.

1. Introduction

Bauxites are economic to sub-economic concentrations of alumi-
nium and are commonly classified into two main categories: karstic
bauxites overlying carbonate rocks and lateritic bauxites overlying
aluminosilicate rocks (Bárdossy, 1982; D'Argenio and Mindszenty,
1995). Most lateritic bauxites, which derive from the in situ weathering
of aluminosilicate-rich protolith, have textures and compositions com-
parable with their underlying rocks (Horbe and Costa, 1999;

Mutakyahwa et al., 2003). In contrast, karstic bauxites are dominantly
allochthonous (Bárdossy, 1982; Liu et al., 2012, 2017b; Yang et al.,
2017; 2018). Understanding the genesis of karstic bauxite needs to
consider several factors including provenance, paleoclimate, paleo-
geography, and regional tectonics, as well as exposure duration
(Bárdossy, 1982; Bogatyrev et al., 2009). Karstic bauxites were sug-
gested to have closer relationship with regional tectonics than the la-
teritic ones (Nakano et al., 2017; Wang et al., 2015; Yu et al., 2015; Cai
et al. 2015; Deng et al., 2010). From the research on the bauxite located
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in the North China Craton (Wang et al. 2015; Cai et al., 2015), it was
proposed that the orogenesis along the continent margin has triggered
both the formation of continental basins and the erosion of the orogeny
itself. In this framework, the sedimentation of the material deriving
from the orogeny in the continental basins, together with the occur-
rence of the proper climatic conditions, resulted in bauxitization.

Two bauxites horizons formed in Early Carboniferous and Early
Permian in the central South China Block. The accumulated reserves of
the bauxite were 1.29 billion t by 2014 (Liu et al., 2016). The bauxites
are mainly karstic type and are relatively concentrated in Guiyang,
Zunyi, Huangping-Kaili and Wuchuang-Zhengan-Daozhen (WZD) area
(Fig. 4). The average grade of these bauxite is 56.5–67.3%.

The South China Block had a passive margin during the bauxitiza-
tion periods. This provides us a precious chance to explore the genesis
of bauxite formed in an intracontinental setting without impact of si-
multaneous orogenesis in the marginal areas. The mineralogy and
geochemistry of the bauxites along with the source materials have been
investigated in previous studies (Ling et al., 2015, 2017; Long et al.,
2017; Gu et al., 2011; Wang et al., 2013; Li et al., 2013). However, the
controls on the episodic production of bauxite in the intracontinental
setting were barely discussed. This study presents new mineralogical
and geochronological data for bauxite ore, ferric clay, and aluminous
clay and detrital zircons associated with bauxite deposits of the central
South China Block. These data are combined with paleoclimatic and
paleogeographic investigations to restore the metallogenic conditions

for these intracontinental bauxites and complete the knowledge of the
bauxite genesis.

2. Regional geology

The South China Block is separated from the North China Craton to
the north by the Qinling-Dabie orogen, from the Songpan-Ganze terrane
to the northwest by the Longmenshan Fault, and from the Indochina
Block to the west by the Ailaoshan-Songma suture zone (Zhao and
Cawood, 2012; Deng et al., 2017) (Zhao and Cawood, 2012). The South
China Block is bounded to the east by the Pacific Ocean, which has
initiated the subduction until Late Permian (Fig. 1A) (Liu et al., 2017).
The Ailaoshan-Songma suture formed by the closure of the Paleo-Tethys
Ailaoshan Ocean as a result of westwards subduction (Yang, 2018;
Wang et al., 2014). The Ailaoshan Ocean initially opened as a back-arc
basin along the northern margin of Gondwana during the Late Cam-
brian to Early Devonian. Then it developed into a mature ocean basin in
Late Devonian to Early Carboniferous. Finally, it became a remnant
oceanic basin and closed in late Permian to Early Triassic via the west-
dipping subduction (Metcalfe, 2006; Jian et al., 2009). It was shown
that from the Early Carboniferous to the Middle Permian, the South
China Block has not witnessed oceanic subduction along its margins.

The South China Block is divided into the Yangtze Block in the
northwestern part and the Cathaysia Block in the southeastern part
separated by the Jiangnan Orogen (Fig. 1B) (Cawood et al., 2013; 2017;

Fig. 1. (A) Simplified tectonic map of China. The
rectangle highlights the position of the South
China Block, displayed in Fig. 1B. (B) Enlarge-
ment of the South China Block, displaying the
location of Neoproterozoic Panxi-Hannan arc
and Jiangnan Orogen, and the prominent Pre-
cambrian peaks of detrital zircon ages in the
Cambrian to Devonian sedimentary units (mod-
ified after Gu et al., 2013).
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Zhao et al., 2011; Li et al., 2009). The Jiangnan Orogen is made up by
an Archean-Paleoproterozoic crystalline basement surrounded by Late
Mesoproterozoic to Early Neoproterozoic folded belts. The occurrence
of ∼1000Ma igneous rocks suggests a tectono-thermal event, which is
well represented in throughout the Jiangnan Orogen (Zhao, 2015). The
bauxite cluster region is located northwest on the Jiangnan Orogen.
Along the western and northern margins of the block is the Panxi-
Hannan belt (Fig. 1B). The belt was generally considered as a con-
tinental margin arc that lasted at least from 860Ma to 800Ma, deduced
from the geochemistry of Neoproterozoic meta-volcanics and coeval
plutons (Zhao and Cawood, 2012). The basement rocks of the central
South China Block are unconformably overlain by Neoproterozoic to
Lower Paleozoic sediments, which are separated by a paraconformity
from Devonian siliciclastic sediments and Carboniferous or Permian
limestone successions. The lower Paleozoic successions consist of car-
bonate and siliciclastic successions. The Cambrian unit consists of
sandstone and limestone. The Ordovician succession is composed of
limestone with minor dolomite and mudstone. Moreover, Lower Si-
lurian strata are dominated by shale and sandstone (Fig. 2) (Wang et al.,

2010).
During Late Cambrian, a continental setting was present in the

western margin of the South China Block, gradually passing into tidal
flat facies and restricted platform, open platforms, and deep sea
(Fig. 3A). Then in the Ordovician, most of the southern South China
Block became exposed. Later in Silurian, the northern part of southern
South China Block was covered by platform, tidal flat facies and re-
stricted platform (Fig. 3B). During the Devonian the paleogeographic
setting was significantly altered as a continental mass appeared in the
central part, which joined the western uplift and formed an EW-
trending strip of land (Fig. 3C). This land was an independent island in
the Paleo-Tethys Ocean, and is called “Central Yangtze Island” in the
present study since it is mainly located at the Yangtze Block. The
Central Yangtze Island was surrounded by tidal flat facies and restricted
platform along its southern and northern margins and lasted
throughout the Late Carboniferous though its spatial range varied to a
small extent. In the Early Carboniferous to Permian, bauxite developed
on the northern and southern margin of the Yangtze island (Fig. 3D).

Fig. 2. Stratigraphic columns of the study area and logs representing the paleolatitude of South China Block (Cocks and Torsvik, 2013), temperature changing trend
(Came et al., 2007), atmospheric carbon dioxide (Berner, 1990), sea-level change (Ross and Ross, 1988). COPSE: measurements of CO2 were made by application of a
soil carbonate CO2 paleobarometer to a suite of paleosols that share key physical and chemical characteristics; GEOCARB III: models the carbon cycle on long time
scales. The long-term carbon cycle is primarily geochemical, a result of the exchange of carbon between the atmosphere and rocks. Rothman: based on considerations
related to the chemical weathering of rocks, volcanic and metamorphic degassing, and the burial of organic carbon, along with considerations related to the stable
isotopic composition of organic carbon and strontium in marine sedimentary rocks. Royer filtered: based on δ18O measurements and factoring in seawater pH levels.
A 30 myr average filter is applied to the data.
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3. Deposit geology

For the present study three bauxite deposits were selected: the
Huofengchong (HFC) bauxite (N 26°33.330′, E 106°15.168′) is located
northwest of Guiyang City, Baiyantou (BYT) bauxite (N 26°43.097′, E
107°46.343′) is located between Huangping and Kaili County, and the
Yanfengba (YFB) bauxite (N 29°05.019′, E 107°41.586′) occurs nearby
the northern Daozhen County (Fig. 4).

Phanerozoic rocksare well exposed in the HFC area. The
Precambrian lithologies are mainly blastopsammite and arkose.
Cambrian sediments are composed of sandstone, claystone, micro-
crystalline dolomite and yellow–green clay rocks. Lower Carboniferous
strata contain dolomite, mudrocks transitional to bauxite-rich clay units
and bauxite orebodies. Permian quartz sandstone and thick limestone
with chert covered the Carboniferous unit (Figs. 2 and 5A). The HFC
bauxite horizon belongs to the Lower Carboniferous Jiujialu formation,
which has unconformable contacts with underlying Cambrian dolomite.

The bauxite horizon has been divided into three sections. The lower
section consists of purplish red and dark green Fe-rich clay in the lower
part and the clayen pyrite aggregate in the upper. The middle section is
the bauxite body, which has a dark to light gray color.

The sedimentary successions in BYT area include Precambrian Banxi
Group slate and blastopsammite, Cambrian to Ordovician thick dolo-
mite, Silurian quartz sandstone with intercalated mudstone, Devonian
sandstone, shale, limestone and dolomite, Lower Permian bauxite, and
Middle Permian to Cretaceous clastic rocks (Figs. 2 and 5B). Bauxite
occurs in the Lower Permian Liangshan formation, overlying dolomite
of the undulatory Devonian Gaopochang formation and conformably
overlain by the chert and limestone of the Lower Permian Qixia for-
mation (Fig. 2). The Liangshan formation exhibits a “coal–baux-
ite–iron” structure (Fig. 6A), in which the lower part consists of Fe-rich
shale, the middle part consists of white to gray bauxite hosting within
the sinkhole structures (Fig. 6B) and the upper part consists of coal
seams, carbonaceous mudstone.

Fig. 3. Paleogeography of the South China Block from Late Cambrian to Early Permian. (A) Late Cambrian; (B) Early Silurian; (C) Late Devonian; (D) Early Permian.
Revised from Ma et al. (2009) and Cui (2014).
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In the YFB, the stratigraphic succession from oldest to youngest
includes Cambrian, Ordovician, Silurian, Carboniferous, Permian, and
Triassic lithologies. The Ordovician successions consist of dolomite,
limestone and argillite. The Lower–Middle Silurian Hanjiadian forma-
tion is mainly shale, whereas the Carboniferous is dominated by lime-
stones. The lower portion of the Lower Permian, namely Liangshan
formation, correspond to the bauxitic horizon, which is overlain by the
Qixia formation limestone and by argillaceous limestone. The Upper
Permian contains of limestone and coal (Guizhou Bureau of Geology
and Minerals, 1987). The YFB included two different substrates. One is
the Silurian Hanjiadian mudstone, upon which is the pisolitic and
clastic bauxite sandwiched between clay in the top and bauxitic clay in
the bottom (Fig. 5C). The other is the Carboniferous limestone, upon
which are the bauxitic clay and clayen pyrite in the lower, grey bauxite
in the middle, and the carbonaceous mudstone and shale in the upper
(Figs. 5D and 6C).

4. Analytical techniques

X-ray powder diffraction (XRPD) was conducted at the State Key
Laboratory of Coal Resources and Safe Mining (China University of
Mining and Technology, Beijing). XRPD analysis of powder samples was
performed on a powder diffractometer (D/max-2500/PC XRPD) with
Ni-filtered Cu-Kα radiation and a scintillation detector. The XRPD
pattern was recorded over a 2θ interval of 2.6–60°, with a step size of

0.01°.
Detrital zircons from three bauxite samples were separated by

conventional heavy liquid and magnetic techniques, then purified by
hand-picking under a binocular microscope. Reflected light and cath-
odoluminescence (CL) images were used to identify internal structures
within the zircons and to select analytical positions prior to U–Pb iso-
topic analyses. All the selected zircon grains were analyzed using an
Agilent 7500a Laser ablation–inductively coupled plasma–mass spec-
trometry (LA-ICP-MS) equipped with a GeoLas200M laser source in the
State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences (Wuhan), following procedures given
in Liu et al. (2007). 91500 standard was used for external standardi-
zation to correct for isotopic fractionation during analysis, with Glitter
software used for off-line selection and integration of background and
analytic signal, time-drift correction, and the quantitative calibration of
trace element compositions and U–Pb ages. Age calculations were un-
dertaken and concordia diagrams were constructed using Isoplot/Ex
3.00 (Ludwig, 2003), with detailed analytical procedures given in Yuan
et al. (2010). The 206Pb/238U ages less than 1000Ma were used for
samples with ages> 1000Ma, whereas 206Pb/207Pb ages were used if
the initially obtained 206Pb/238U ages were>1000Ma (Gehrels et al.,
2006; Long et al., 2010).

5. Mineralogy

In the HFC deposit, the lower part of the bauxitic sequences (sample
HFC-10) is dominated by illite, clinochlore, and pyrite with small
amounts of diaspore. The middle bauxitic part (samples HFC-5 and -8)
is composed of diaspore with subordinateanatase and illite (Fig. 5A).
The clastic bauxite ore (Fig. 7A), corresponding to the uppermost zone
of the local bauxite body is overlain by an argillaceous layer (sample
HFC-3), and is dominated by illite with less diaspore, boehmite, and
minor anatase (Fig. 5A). The clay overlying the substrate was mainly
composed of kaolinite and diaspore plus minor hematite. The bauxite
ore in the middle part shows earthy and compact structure and clastic,
oolitic, pisolitic texture, a white coloration (Fig. 7B) and is mainly
composed of diaspore with minor anatase (Fig. 5B) The YFB, bauxite
(sample YFB 01-4) developed on Silurian shale (YFB-1 profile) is
compact (Fig. 7C) and composed of diaspore with some illite and
clinochlore. The Silurian floor (sample YFB 01-8) is composed of clin-
ochlore and illite (Fig. 5C). The lower part of bauxitic sequence (sample
YFB 01-6) is dominated by kaolinite and illite. The upper part (sample
YFB 01-2) is occurs as a clayey lithology and isdominated by illite,
clinochlore and diaspore (Fig. 5C). In the sequence developed on Car-
boniferous limestone (YFB-2 profile, Fig. 5D), the lower parts started
with gray to yellow clay (Fig. 7D) consisting of kaolinite, clinochlore,
illite and boehmite (YFB 02-9). This unit is followed a pyrite-rich layer
(YFB 02-10), which has only traces of diaspore (YFB 02–9). Below the
bauxite a clayey bauxite unit occurs, which is dominated by kaolinite
with minor boehmite (Fig. 5D). The overlying bauxite (samples YFB 02-
7 and -8) is dominated by diaspore with some kaolinite and anatase.

6. Detrital zircons from bauxite

6.1. Zircon morphology

Representative CL images of the zircons, whith highlighted the
analyzed spot for dating are given in Fig. 8. The size and shape of
detrital zircons from the Carboniferous HFC bauxite are obviously dif-
ferent from those from the Permian BYT and YFB. The zircon grains of
the HFC sample are 60–100 μm long with length-width ratio of 1–4. The

Fig. 4. Simplified geological map showing the distribution of the studied
bauxite deposits.
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zircon morphology of the HFC sample is highly heterogeneous, with
shapes ranging from subhedral to euhedral, prismatic to stubby crystals,
undamaged faces yet round corners. Most of the selected detrital zircon
crystals show oscillatory zonation, which is indicative of an igneous
origin (Hoskin and Schaltegger, 2003; Li et al., 2016); whereas others
have little oscillatory zoning, suggesting a mafic igneous or meta-
morphic origin (Fig. 8A).

Most zircons grains collected from the YFB sample are dominated by
medium sized grains with a length of 80–130 μm, and a shape ranging
between subhedral to strongly rounded. A few YFB and BYT zircons

have incomplete crystal faces, indicating that they have experienced a
long-distance transport and an extensive abrasion (Fig. 8B). The se-
lected detrital zircon crystals from BYT are 100–160 μm long, and
subhedral to variably corroded shape. Most detrital zircon crystals se-
lected in BYT samples show oscillatory zonation (Fig. 8C).

6.2. Detrital zircon U-Pb dating

In the 97 analyzed zircon grains from HFC bauxite, the majority
yields ages between 500Ma and 1000Ma, with a dominant peak at ca.

Fig. 5. Sedimentary successions and XRPD patterns of representative samples in the studied bauxite deposits. A) HFC bauxite; BYT bauxite; C) YFB-1 and D) YFB-2.
Mineral abbreviations: D=diaspore; C= clinochlore; P= pyrite; H=hematite; K= kaolinite; A= anatase; I= illite; Ch= chamosite; R= rutile; B= boehmite.
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800Ma and minor age bumps from 500 to 540Ma, as shown in the
histogram (Fig. 9A, Supplementary Table 1). For the YFB sample, the
zircon population shows age peaks at 400–600Ma, 900–1200Ma,
1900–1800Ma and 2300–2600Ma, in which the peak of 1100Ma is the
most prominent (Fig. 9B, Supplementary Table 1). The zircons for the
BYT sample have ages between 500 and 2500Ma with major peak age
at 1100Ma (Fig. 9C, Supplementary Table 1).

6.3. Zircon trace elements

Most analysed zircons have Th/U ratios ranging from 0.2 to 2
(Fig. 10A, Supplementary Table 2), suggesting a derivation from ig-
neous rocks (Hoskin and Schaltegger, 2003; Li et al., 2016). The dis-
parate geochemical behavior of Hf, Th, and Nb within zircon provides a
discrimination criterion for judging the tectonic setting of the host
(Hoskin and Schaltegger, 2003). The trace elemental compositions of
the detrital zircon crystals with ages of ca. 800Ma and ca. 1100Ma
mostly fall in the field of arc-related/orogenic in Nb/Hf versus Th/U
and Hf/Th versus Hf/Nb diagrams (Fig. 10B and C, Supplementary
Table 2). This is consistent with the contemporaneous ones from the
regional sedimentary successions (Zhou et al., 2002; Li et al., 2003;
Hofmann et al., 2015; Wang et al., 2010; Yao et al., 2011; Gu et al.,
2013; Xiang et al., 2015; Yu et al., 2015).

7. Discussion

7.1. Provenance and implication for tectonic control

The Mid- to Neo-proterozoic felsic volcanic and intrusive rocks with
crystallization ages of 800Ma are widespread in the Panxi-Hannan arc
along the western margin of the South China Block (Zhou et al., 2002;
Li et al., 2003; Hofmann et al., 2015). Zircons with a U-Pb zircon age of
ca. 800Ma initially sourced from these felsic volcanic and intrusive
rocks. Then these zircons went through many cycles of erosion and
transportation and deposited in Cambrian to Devonian sedimentary
rocks. Accordingly, the sedimentary units from Cambrian to Silurian
commonly show a major peak at ca. 800Ma in the detrital zircon ages.
The HFC bauxite shares the similar age peak of detrital zircon with
these sedimentary units (Figs. 1B and 11) (Hofmann et al., 2015; Xia
et al., 2016; Wang et al., 2010). It indicates that the material of HFC
bauxite came from the regional sedimentary rocks located in western
South China Block.

The detrital zircon age distribution of Early Permian bauxite BYT
and YFB samples show age peaks at 500–700Ma, 900–1100Ma, and
2400–2600Ma (Fig. 9B and C). The major age peaks of the detrital
zircons are from 900 to 1100Ma, differing from those of the Early
Carboniferous HFC bauxite. Due to the highly eroded shape of the
detrital zircons, they are deduced to derive from the regional sedi-
mentaries occurring in the center of the block, instead of the
900–1100Ma igneous rocks sporadically distributed in the Jiangnan
Orognen (Cawood et al., 2017). The age peaks of zircons from Permian
bauxite BYT and YFB are comparable to the Paleozoic sediments in-
cluding Cambrian, Ordovician, Silurian, and Carboniferous sediments
in the center of the South China Block (Fig. 1B, Figs. 4 and 11) (Wang
et al., 2010; Yao et al., 2011; Gu et al., 2013; Xiang et al., 2015; Yu
et al., 2015). The Th/U ratios of 0.2–2 and the arc-related geochemical
affinity of the detrital zircons in the bauxite are also compatible with
those of the recycled grains in the clastic successions. Among these
regional sedimentaries, the Silurian units have detrital zircons with
similar age peaks to the YFB bauxite (Jing et al., 2013; Gu et al., 2013),
demonstrating the more contribution to the bauxites from Silurian due
to their close spatial relationship.

The intracontinental bauxite associated with marginal orogenesis,
represented by those in the North China Craton, was mainly or partly
derived from the volcanic rocks of the orogen (Wang et al., 2015; Cai
et al., 2015). Distinct from the previous studies, this study suggests that
the sedimentary units occurring within the continent are also capable to
provide the source materials. It supports the previous opinion that any
igneous, metamorphic or sedimentary lithology can be the parent rock

Fig. 6. Field photos illustrating the paleokarstic terrain and bauxitic sequences
of the BYT and YFB bauxite deposit: (A) bauxitic sequences of BYT bauxite; P2,
Middle Permian; P1, Early Permian; (B) sinkhole filled by bauxite in BYT; (C)
bauxitic sequences of the YFB; P1, Early Permian; C2h, Late Carboniferous
Huanglong formation.

Fig. 7. Photomicrographs and hand specimen photographs of the bauxite ore in
the central South China Block: (A) clastic bauxite, mineralogically composed of
diaspore and some illite; (B) earthy bauxite, mainly composed of diaspore; (C)
compact pelitomorphic bauxite, composed of diaspore with some illite and
clinochlore; (D) diaspore-rich oöids embedded the clay matrix, polarized
transmitted light.
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of bauxite under suitable conditions (D'Argenio and Mindszenty, 1995).
The changes of source region from the Early Carboniferous to Early

Permian indicate a shift in the exhumation history of the study area, in
particular an uplift migration from the western to the central sector of
the South China Block. Tectonic studies on the subduction zones sur-
rounding the South China Block indicate that the block has had its
passive margin setting lasted from the Early Carboniferous to Permian
(Li and Powell, 2001; Chen et al., 2018; Metcalfe, 2013; Wang et al.,
2017) (Fig. 12). The change in provenance was probably due to the
crustal extension of the passive continental margin.

7.2. Paleoclimatic and paleogeographic control

During the earlier portions of the Palaeozoic era, the surface tem-
peratures were significantly higher accompanied by large sea-level rose.
Atmospheric carbon dioxide concentrations seem to have been multiple
times higher than the modern atmosphere (Fig. 2) (Berner, 1994;
Berner and Kothavala, 2001). All these conditions limited the baux-
itization not only by raising of groundwater table elevations but also by
lowering soil moisture levels (Koster et al., 2004; Yu et al., 2018).
However, the global paleoclimate changed during Early Carboniferous
to Permian. The surface temperatures decreased along with the

descending of in sea-level (Fig. 2) (Ross and Ross, 1988; Berner, 1990).
According with the trend of the sea-level and temperature, CO2 content
in the atmosphere dropped to its lowest point (Fig. 2) (Came et al.,
2007; Berner, 1991).

Lower sea-level decreased groundwater table elevations as well as
exposed a large area of continental shelves for vegetation. The change
of underground water level provided good drainage to leach elements
from the weathering profile otherwise the weathering products tend to
be low-grade bauxitic clay. The extensive vegetation facilitated baux-
itization by two main factors: (1) prevent the erosion of the soft
weathering products by the tropical rainstorms, (2) release a large
amount of oxalic and ascorbic acids which could leach the underlying
bauxitic material to improve the grade of bauxite (Kalaitzidis et al.,
2010; Laskou and Economou-Eliopoulos, 2007, 2013). The bauxitiza-
tion occurred in a very restricted paleogeographic zone as discussed
next.

It was shown that the paleogeographic setting of the South China
Block in Early Carboniferous Mississippian and Early Permian
Cisuralian periods was characterized by an exposed area in the Central
Yangtze Island, which was surrounded by tidal flat to restricted plat-
form depositing clastic sediments and further off by open platform with
carbonate precipitation (Ma et al., 2009; Cui, 2014). The Early

Fig. 8. Representative CL images of detrital zircon crystals from several bauxite deposits in HFC, BYT and YFB. Circles represent the analytical targets.
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Carboniferous and Early Permian bauxites were situated in the tidal flat
to restricted environment of the Yangtze Island (Fig. 13). Eustatic
fluctuations influence the elevation of the groundwater table in these
areas which promoting the formation of diaspore and leaching of silica
(Özlü, 1983; Zarasvandi et al., 2008).

8. Conclusions

This study revealed combined tectonic, paleogeographic, and pa-
leoclimatic controls on the episodic production of bauxite in an ancient
island within Paleo-Tethys. In the center of the South China Block,
Early Carboniferous bauxite overlying the unconformity on Upper
Cambrian dolomite contains detrital zircons with a dominant age at ca.
800Ma, which was likely recycled from the sedimentary units procured

Fig. 9. Histograms of U–Pb ages of detrital zircons from HFC, YFB and BYT
bauxite.

Fig. 10. (A) Th/U ratios of detrital zircon crystals from typical bauxite outcrops
in the HFC, BYT and YFB horizons; (B) Th/U versus Nb/Hf and (C) Th/Nb
versus Hf/Th for the ca. 800Ma and 1100Ma zircons. Base diagram in (B) and
(C) are after Yang et al. (2012).
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by the erosion of the 800Ma Mid- to Neo-proterozoic felsic volcanic and
intrusive rocks along the western margin of the South China Block. The
Early Permian bauxite deposited unconformably upon the Upper
Devonian dolomite or Silurian shale contains detrital zircons with ages
ranging from 900 to 1100Ma. These ages are consistent with that of
Paleozoic sedimentary units occurring within the central sector of the
South China Block. The different sources of the detrital zircons for the
two bauxite horizons suggest a significant migration of the uplift from
the western margin toward the central zone of the South China Block,
which took place from the Early Carboniferous to the Early Permian.
This migration caused the shift in provenance of the source rock of the
studied bauxite deposits.

Acknowledgements

We would like to thank geological team 115, 106, and 117 for their
help in fieldwork and sampling. Ramanaidou Erick is thanked for help
with his constructive suggestions on this paper. This research was
jointly financially supported by the National Natural Science
Foundation of China (No. 41672089) and the Key Project of the
Resource Exploration Bureau in Guangxi Province (No. 201649). The
authors would like to thank the sponsors of China Scholarship Council
(Grant No. 201706400002) for the financial support.

Fig. 11. Detrital zircon age distributions in
Paleozoic sedimentary rocks, including: (A)
the Early Permian bauxite in YFB (present
study); (B) the Early Permian bauxite in BYT
(present study); (C) the Early Silurian sedi-
mentary in eastern South China Block (Yu
et al., 2015); (D) the Middle Silurian sedi-
mentary rocks in northern Guizhou (Wang
et al., 2010); (E) the Middle Ordovician se-
dimentary successions in the central Cath-
aysia Block (Yao et al., 2011); (F) the Lower
to Middle Ordovician sedimentary rocks in
eastern South China Block (Yu et al., 2015);
(G) the Ordovician sedimentary rocks at the
junction of Yangtze and Cathaysia Block
(Wang et al., 2015); (H) the Lower Carboni-
ferous bauxite in HFC (the present study); (I)
the Middle Devonian sedimentary in western
South China Block (Xia et al., 2016); (J) the
Middle Silurian sedimentary successions in
western South China Block (Xia et al., 2016);
(K) the Late Silurian sedimentary rocks in
western South China Block (Xia et al., 2016);
(L) the Lower Ordovician units in western
South China Block (Xia et al., 2016); (M) the
Lower Cambrian sedimentary in western
South China Block (Hofmann et al., 2015).
All data based on analyses with 90%-110%
Concor. Concor= ((206Pb/238U age)/
(207Pb/206Pb))× 100%. Ages older than
1000Ma was calculated using 207Pb/206Pb
ratios, and ages younger than 1000Ma were
calculated using 206Pb/238U ratios.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.oregeorev.2018.07.013.
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