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a b s t r a c t

The provenance of the large and super-large scale bauxite deposits developed in the Wuchuan–Zheng’an–
Daozhen (WZD) alumina metallogenic province in the Yangtze Block of South China is poorly understood.
LA-ICP-MS and SIMS U–Pb dating of detrital zircons from bauxite ores and the underlying Hanjiadian
Group in the WZD area provide new constrains on the provenance of the WZD bauxite and provide
new insight on the bauxite ore-forming process. The ages of the detrital zircons in the bauxites and
the zircons in the Hanjiadian Group are similar suggesting that the bauxites are genetically related to
the Hanjiadian sediments. The detrital zircon populations of the four samples studied show four primary
age peaks: 2600–2400 Ma, 1900–1700 Ma, 1300–700 Ma and 700–400 Ma. The age distribution of detri-
tal zircons indicates that they are probably derived from various sources including Neoproterozoic, Mes-
oproterozoic, Paleoproterozoic, Archean and some minor Paleozoic sources. The most abundant age
population contains a continuous range of ages from 1300 to 700 Ma, ages consistent with subduction-
related magmatic activities (1000–740 Ma) along the western margin of the Yangtze Block and the world-
wide Grenville orogenic events (1300–1000 Ma). Thus, it is suggested that the main provenances of the
WZD bauxite and the Hanjiadian Group are the Neoproterozoic igneous rocks in the western Yangtze
Block and the Grenville-age igneous rocks in the southern Cathaysia Block. In addition, this work verifies
that the global Grenville orogenic events and subduction-related magmatic activities associated with the
Yangtze Block had a significant influence on the formation of the WZD bauxite deposits.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Bauxite deposits are commonly classified into two main
categories: karstic bauxite overlying carbonate rocks and lateritic
bauxite which overly aluminosilicate rocks (Bárdossy, 1982). The
geochemistry, precursor lithologies, genetic implications and ore-
forming processes related to karst bauxite deposits in the world
have been investigated by numerous authors (e.g. Bárdossy,
1982; Bárdossy and Kovács, 1995; MacLean et al., 1997; Liaghat
et al., 2003; Calagari and Abedini, 2007; Taylor et al., 2008;
Karadag et al., 2009; Dariush Esmaeily et al., 2010; Deng et al.,
2010; Liu et al., 2010a; Zarasvandi et al., 2008, 2010), whereas lat-
eritic bauxites have rarely been studied (e.g. Bárdossy and Aleva,
1990; Boulange B, 1990; Schwarz, 1997). Although most lateritic
bauxites are derived directly from the underlying source rocks
and have textures and compositions similar to their parent
lithology (e.g. Horbe and da Costa, 1999; Mutakyahwa et al.,
2003), the depositional source of bauxite and the source rocks in
some cases be difficult to determine because of the influence of
complex tectonic movements that occurred after the bauxite ore
deposits were formed.

Bauxite resources in China are abundant, ranking fifth in the
world, after Guinea, Australia, Brazil, and Jamaica (Liu et al.,
2010a). The North Guizhou Province in the Yangtze Block (Fig. 1)
comprises a series of lateritic bauxite deposits and is an important
resource base for bauxite in China. In the last 3 years, huge quan-
tities of lateritic bauxite ores have been discovered in Wuchuan,
Zheng’an and Daozhen Counties, Northern Guizhou. Mineral explo-
ration and a series of research studies have recently been carried
out in the Wuchuan–Zheng’an–Daozhen (WZD) region by the
Guizhou Nonferrous Metal Geological Exploration Bureau and the
Bureau of Geology and Mineral Exploration and Development of
Guizhou Province. More than 20 lateritic bauxite deposits (Fig. 2)
with more than 100 million tons of bauxite reserves have been
identified in the area and several other unexplored districts also
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Fig. 1. (a) Tectonic framework of China showing the location of the South China Block; (b) distribution of the Precambrian igneous rocks and strata in South China (modified
after Zheng et al., 2007). Numbers 1–5 indicate the Kongling Complex, the Danzhu gneissic granite, the Tianjingping amphibolite, the Jingnan rhyolites, and the Baoban
complex, respectively.
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show bauxite mineralization potentials. Initial investigations have
provided a first insight into the geology, geochemistry and condi-
tions of bauxite deposits formation in the WZD area (e.g. Liu,
2007; Wu et al., 2006, 2008a; Jin et al., 2009; Yin, 2009; Liu
et al., 2010b; Gu et al., 2011).

Age constraints on the WZD bauxites are provided by the strati-
graphic age of the underlying and overlying strata (e.g. Chen et al.,
1987; Liao, 1988; Liang, 1989; Liu, 1995, 2007; Wu et al., 2006;
Hao et al., 2007; Zhao and Wang, 2008)). The limestones above
the bauxites are Middle Permian (the Qixia Formation) and the
bauxite horizons are underlain by Upper Carboniferous limestones
(the Huanglong Formation). However, despite the reasonably well-
defined stratigraphic framework, the origin of these bauxites re-
mains controversial (Wu et al., 2006, 2008a; Jin et al., 2009; Gu
et al., 2011). Based on comparisons of the rare earth element
(REE) patterns and ratios of immobile elements, the underlying
Silurian Hanjiadian Group, stratigraphically below the Huanglong
Formation, is considered to be the major source rock for the baux-
ites (Jin et al., 2009; Gu et al., 2011). However, conclusions reached
by precursor studies like these are often problematic because of
the complex effects of lateritic weathering and post-bauxitization
diagenesis. Therefore, more focused research is needed to (1) iden-
tify whether the underlying Hanjiadian Group is the source rock for
the bauxite; (2) determine the provenance (depositional source) of
the sediments that make up the Hanjiadian Group and the bauxite,
and (3) provide details on the ore-forming process.

Detrital zircon, a ubiquitous heavy mineral in sedimentary
rocks, can survive erosion, transport, diagenesis, and metamor-
phism and the age distribution of a large number of detrital zircons
can reflect the age of the zircon bearing source rocks. Therefore,
U–Pb detrital zircon geochronology can be a powerful tool for
determining the provenance of sedimentary rocks and has been
successfully applied worldwide (e.g., Fedo et al., 2003; Najman,
2006; Newson et al., 2006; Deng et al., 2010; Long et al., 2010;
Jiang et al., 2011; Pereira et al., 2012). U–Pb ages of zircons in baux-
ites provide direct evidence for the age and origin of the potential
parent rock and thus indicate the provenance of the bauxite ores
(e.g., Deng et al., 2010). In this paper, we report secondary ion mass
spectroscopy (SIMS) and laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS) U–Pb ages for detrital zircons from
two bauxite samples and two samples from the Hanjiadian Group
to answer the progenitor, provenance, and ore-forming process
questions enumerated above but also to help identify other pros-
pects for bauxite in the WZD area and other nearby unexplored
districts.
2. Geological setting

The South China Block consists of the Yangtze Block in the
northwest and the Cathaysia Block in the southeast. The Yangtze
Block is separated from the North China Block to the north by
the Qinlin-Dabie-Sulu Orogen, is bounded by the Tibetan Plateau
to the southwest, and the Cathaysia Block to the southeast
(Fig. 1a). The Cathaysia Block is dominated by Phanerozoic igneous
rocks (especially Mesozoic granitoids) and sedimentary rocks with
sparsely exposed Precambrian metamorphic units (Yu et al., 2010).
Most of the Precambrian metamorphic rocks in this area were
thought to be Paleo-Mesoproterozoic and some even Neoarchean
in age (Hu et al., 1991; Hu, 1994; Gan et al., 1995; Li, 1997; Zhuang
et al., 2000). However, many of these rocks have recently been
demonstrated to have formed in the Neoproterozoic and even later



Fig. 2. Simplified geological map of the bauxite deposits in the WZD area (modified after Wu et al., 2008a).
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(Li et al., 2005, 2010a,b; Yu et al., 2005, 2010, 2012; Wan et al.,
2007); the Archean ages obtained by the Sm–Nd isochron method
are probably unreliable (e.g., Li, 1997). There are two known Paleo-
proterozoic igneous rocks: the 1832 ± 6 Ma Danzhu gneissic gran-
ite (marked as ‘‘2’’ in Fig. 1b) in the northern Cathaysia Block
(SHRIMP U–Pb zircon, Li and Li, 2007), and the 1766 ± 19 Ma pro-
tolith age for the Tianjingping amphibolite (marked as ‘‘3’’ in
Fig. 1b) (SHRIMP U–Pb zircon, Li, 1997). Mesoproterozoic igneous
rocks are represented by the ca. 980 Ma Jingnan rhyolites (marked
as ‘‘4’’ in Fig. 1b) in the southwestern Wuyi Mountains (Shu et al.,
2008a,b) and the ca. 1430 Ma Baoban gneissic granitoids (marked
as ‘‘5’’ in Fig. 1b) that were metamorphosed at 1300–1000 Ma in
the Hannan Island (Li et al., 2002b) (Fig. 1b).

The Yangtze Block is mainly composed of a Mesoproterozoic
basement sequence and Neoproterozoic to Triassic cover se-
quences (e.g., Fan et al., 2013). Paleoproterozoic to Archean rocks
crop out at only a few localities in the Yangtze Block. The oldest
rocks reported in the Yangtze Block belong to the 2950 Ma Kon-
gling complex (marked as ‘‘1’’ in Fig. 1b) in the northern part of
the block (Qiu and Gao, 2000; Zhang et al., 2006a; Jiao et al.,
2009). The Kongling complex consists of Archean to Paleoprotero-
zoic high-grade metamorphic TTG (tonalite, trondhjemite and
granodiorite) gneisses, metasedimentary rocks and amphibolites
(e.g., Qiu and Gao, 2000). The existence of Archean basement and
even a Paleoarchean (3500 Ma) continental nucleus beneath the
Yangtze Block has been recognized by many researchers through
the U–Pb geochronology and the Hf isotope composition of xeno-
crystic and inherited zircons (Zhang et al., 2006b,c; Zheng et al.,
2006). Zhao et al. (2010) and Wang et al. (2012) reached the same
conclusion based on detrital zircon analyses of Paleo- to Neoprote-
rozoic sedimentary rocks in the southwestern Yangtze Block. In
addition, 2030–1970 Ma granulites and 1850 Ma A-type granites
and mafic dykes have been identified in the northern part of the
Yangtze Block (the Kongling Complex; Fig. 1b) (Zhang et al.,
2006b; Sun et al., 2008a; Wu et al., 2008b; Xiong et al., 2009; Peng
et al., 2009, 2012). The Mesoproterozoic basement sequence is rep-
resented by the Kunyang, Huili, and Sibao Groups. Neoproterozoic
strata include volcanic–sedimentary sequences known as the
Yanbian, Suxiong, Danzhou, and Bikou Groups. Latest Mesoprote-
rozoic to Neoproterozoic (ca. 1050–740 Ma) igneous rocks are
widespread along the western margin of the Yangtze Block (Li
et al., 2006). Among them, mid-Neoproterozoic granites, mafic
rocks and sedimentary rocks ranging in age from 860 to 740 Ma
predominate, mainly along the margins of the Yangtze Block (Li
et al., 2002a; Zhou et al., 2002b) (Fig. 1b). In addition, there are rare
minor igneous rocks older than 860 Ma (mostly older than 900 Ma)
exposed along the western and southeastern margin of the Yangtze
Block (Li et al., 2006).

The WZD area is located near the southern margin of the Yan-
gtze Block (Fig. 1b). The exposed stratigraphic sequence in this area
mainly consists of Cambrian, Ordovician, Silurian, Carboniferous,
Permian, Triassic, Jurassic, and Quaternary units (Fig. 2). During
Cambrian to Middle Silurian time, the region experienced a large
transgression–regression cycle influenced by the initial stage of
Caledonian movement. This transgression–regression cycle re-
sulted in the deposition of Cambrian to Silurian strata in the
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WZD area (Guizhou Provincial Geological Survey Bureau, 1987).
The oldest rock in the area is the Middle to Upper Cambrian dolo-
mite of the Loushanguan Group (Fig. 3). The Ordovician consists of
dolomite, limestone and argillite and is overlain by the lower-
Middle Silurian Hanjiadian Group, which is composed of grayish-
green or fuchsia shales with intercalated sandstones and siltstones.
During Upper Silurian to Upper Carboniferous time, a drop in sea
level led to an epeirogenic phase that exposed the Hanjiadian
Group to intense weathering (Guizhou Provincial Geological Sur-
vey Bureau, 1987). There are no outcrops of Upper Silurian, Devo-
nian or Lower to Middle Carboniferous sediments in the area. The
Upper Carboniferous limestone of the Huanglong Formation is
mostly eroded and crops out only at a few localities in the region.
During the Lower to Middle Permian, in situ weathering zones
developed on the Hanjiadian Group and, after slight uplift, it was
subjected to severe lateritic weathering again under warm humid
climatic conditions resulting in the formation of the WZD bauxite
deposits. The bauxitic–lateritic horizons are overlain by the Middle
Permian limestone of the Qixia and Maokou Formations. Coal-rich
Triassic units overlying the bauxite (dolomite, limestone, shale and
sandstone) are in turn overlain by Jurassic shales and sandstones.

Because of NNE-directed compression in this region, NNE-
trending anticlines, synclines and faults are ubiquitous (Fig. 2).
The bauxitic horizons, usually cut by faults and fractures, are
strictly controlled by synclines. Moreover, the ores are all hosted
in limbs of the synclines (Fig. 2).

3. Sampling and analytical methods

Four representative samples, two bauxite samples (WZD-1,
WZD-2) and two samples of the Hanjiadian Group (WZD-3,
Fig. 3. Stratigraphic columnar
WZD-4) were collected from the WZD area. Sample locations are
shown in Fig. 2. Zircon grains were separated from the four sam-
ples using conventional heavy liquid and magnetic techniques
and then mounted in epoxy resin and polished down to expose
the grain centers. Cathodo-luminescence (CL) photos (Fig. 4) were
acquired with a Mono CL3+(Gatan, USA) attached to a scanning
electron microscope (Quanta 400 FEG) at the State Key Laboratory
of Continental Dynamics, Northwest University, Xi’an.

U–Pb zircon dating of sample (WZD-1) was conducted using a
Cameca IMS 1280 ion microprobe (SIMS) at the Institute of Geol-
ogy and Geophysics, the Chinese Academy of Sciences (CAS) in Bei-
jing. Details of the analytical procedures for zircon U–Pb dating
have previously been reported (Li et al., 2009, 2010a,b). The uncer-
tainties in ages are cited as 1r, and the weighted mean ages are
quoted at the 95% confidence interval (2r). The SIMS U–Pb detrital
zircon data is presented in Table 1. U–Pb zircon dating of the other
three samples (WZD-2, WZD-3 and WZD-4) was carried out at the
State Key Laboratory of Continental Dynamics, Northwest Univer-
sity, Xian, China. The ICP-MS instruments used were an ELAN6100
DRC from Perkin Elmer/SCIEX (Canada) with a dynamic reaction
cell (DRC) and an Agillent 7500a. A GeoLas 193 nm laser-ablation
system was used for the laser-ablation analyses. The diameter of
the analytical spot was 30 lm. The depth of these ICP-MS analyses
is probably about 20–40 lm. Details of the analytical technique are
given in Yuan et al. (2008). All U–Th–Pb isotope measurements
were performed using zircon 91500 as an external standard for
age calculation (Wiedenbeck et al., 1995) and NIST SRM 610 as
the external standard for the concentration calculation in conjunc-
tion with the internal standardization 29Si (32.8% Si in zircon).
Common lead correction was carried out using the EXCEL program
ComPbCorr#151 (Andersen, 2002). The age computations and
section of the study area.



Fig. 4. CL images of detrital zircons from the studied samples.
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concordia diagrams were done using the ISOPLOT (version 3.0)
(Ludwig, 2003). Unless otherwise stated, the age data shown in
the figures and subsequent discussions are based on 207Pb/206Pb
ages for grains older than 1.0 Ga, and 206Pb/238U ages for younger
grains. Zircon U–Pb isotopic compositions are presented in Table 2.
Uncertainties on individual analyses in the data table and concor-
dia plots are presented as 1r.

4. Results

4.1. Bauxite samples WZD-1 and WZD-2

Detrital zircon grains show a wide range in size and morphol-
ogy (Fig. 4). The zircon population of samples WZD-1 and WZD-2
are dominated by medium sized grains (60–120 lm; 80%) but also
includes smaller grains (40–60 lm; 20%). Most zircons are light
pink to colorless translucent crystals; a few have mineral inclu-
sions. Some zircons have distinct oscillatory zoning. The morphol-
ogy of the detrital zircons show a wide variety of forms, ranging
from subhedral to prismatic euhedral stubby crystals with
undamaged faces and corners to strongly rounded zircons with
no visible crystalline faces. Grains with well-preserved crystal
habit suggest a proximal sedimentary source. Conversely, rounded
crystals indicate that the grains have been transported over a long
distance or that they have survived more than one cycle of erosion
and deposition. Most of the zircons have high Th/U ratios (>0.1)
and were probably derived from igneous rocks, whereas a few
grains with low ratios (<0.1) may have a metamorphic origin.

The zircon ages obtained (Figs. 5 and 7; Tables 1 and 2) are quite
similar in samples WZD-1 and -2. Of the 86 zircon grains from
WZD-1 analyzed by SIMS, the majority yielded ages between
760 Ma and 1250 Ma with peak age at ca. 800 Ma. There are also
minor age groups of 700–430 Ma, 1800–1700 Ma and 2500–
2400 Ma. It is notable that there are three zircon grains in 1500–
1300 Ma range, and three Paleoproterozoic detrital zircons form
a peak at 2494 Ma. In addition, there are only two Archean zircons
with ages of 2850 ± 34 Ma and 2841 ± 35 Ma. The youngest zircon
gives an age of 303 ± 4.5 Ma.

For sample WZD-2, 115 grains were analyzed, with 108 spots
showing 90–110% concordance. These findings are quite similar



Table 1
U–Pb SIMS ages of detrital zircons from the bauxite ores sample WZD-1 in the WZD area.

Samples spot # U (ppm) Th (ppm) Th/U 206Pb� (ppm) f206 (%) Isotopic ratio Age/Ma

207Pb�/206Pb� ±% 207Pb�/235U ±% 206Pb�/238U ±% 206Pb�/238U ±1r 207Pb�/206Pb� ±1r

WZD-1-1 93 35 0.37 18 0.10 0.07075 2.37 1.58145 2.81 0.16211 1.50 968 14 950 48
WZD-1-2 90 106 1.18 17 0.13 0.06249 1.81 1.14975 2.35 0.13344 1.50 807 11 691 38
WZD-1-3 54 0 0.00 19 0.12 0.11254 1.09 5.07366 1.85 0.32697 1.50 1824 24 1841 20
WZD-1-4 258 247 0.96 17 0.14 0.05181 2.75 0.34389 3.14 0.04814 1.50 303 4 277 62
WZD-1-5 188 140 0.74 32 0.06 0.06591 1.18 1.19532 1.91 0.13152 1.50 797 11 804 25
WZD-1-6 57 19 0.33 11 0.28 0.07066 2.17 1.56289 2.64 0.16041 1.50 959 13 948 44
WZD-1-7 70 89 1.28 14 0.22 0.06085 2.26 1.12378 2.71 0.13393 1.50 810 11 634 48
WZD-1-8 123 81 0.66 30 0.11 0.07740 1.17 2.03375 1.92 0.19058 1.53 1124 16 1131 23
WZD-1-9 77 43 0.56 15 0.15 0.06820 1.81 1.44395 2.35 0.15356 1.50 921 13 875 37
WZD-1-10 195 142 0.73 72 0.03 0.10138 0.62 3.95340 1.63 0.28282 1.50 1606 21 1650 12
WZD-1-11 165 439 2.67 41 0.03 0.06725 1.16 1.20861 1.91 0.13035 1.51 790 11 845 24
WZD-1-12 66 48 0.72 11 0.10 0.06646 1.89 1.21387 2.42 0.13246 1.50 802 11 821 39
WZD-1-13 182 122 0.67 39 0.02 0.07244 0.92 1.66765 1.77 0.16696 1.52 995 14 998 18
WZD-1-14 130 86 0.66 12 0.10 0.05542 2.11 0.54163 2.61 0.07088 1.54 441 7 429 46
WZD-1-15 159 259 1.63 21 0.04 0.05612 1.57 0.64476 2.17 0.08333 1.50 516 7 457 34
WZD-1-16 172 139 0.81 36 0.07 0.06921 1.03 1.52127 1.82 0.15942 1.50 954 13 905 21
WZD-1-17 270 94 0.35 57 0.05 0.07451 0.77 1.81526 1.69 0.17669 1.50 1049 15 1055 15
WZD-1-18 117 85 0.73 10 0.11 0.05610 2.19 0.53739 2.65 0.06947 1.50 433 6 456 48
WZD-1-19 517 43 0.08 95 0.01 0.07233 0.65 1.67646 1.63 0.16809 1.50 1002 14 995 13
WZD-1-20 100 138 1.37 43 0.02 0.09732 0.83 3.84405 1.73 0.28647 1.52 1624 22 1573 16
WZD-1-21 126 72 0.57 51 0.03 0.10787 0.67 4.73564 1.65 0.31841 1.50 1782 23 1764 12
WZD-1-22 285 137 0.48 53 0.00 0.07089 0.91 1.48246 1.77 0.15168 1.51 910 13 954 19
WZD-1-23 89 35 0.40 18 0.02 0.07476 1.95 1.73042 2.46 0.16788 1.50 1000 14 1062 39
WZD-1-24 76 103 1.36 10 0.00 0.05824 2.21 0.69181 2.68 0.08615 1.51 533 8 539 48
WZD-1-25 450 354 0.79 280 0.01 0.16384 0.25 10.14956 1.52 0.44928 1.50 2392 30 2496 4
WZD-1-26 463 181 0.39 133 0.02 0.09077 0.54 2.99105 1.65 0.23900 1.56 1381 19 1442 10
WZD-1-27 171 114 0.67 36 0.07 0.07127 1.03 1.60337 1.82 0.16317 1.50 974 14 965 21
WZD-1-28 372 239 0.64 147 0.01 0.10601 0.41 4.47228 1.56 0.30596 1.51 1721 23 1732 8
WZD-1-29 77 93 1.21 11 0.00 0.06147 2.07 0.81379 2.57 0.09601 1.53 591 9 656 44
WZD-1-30 245 198 0.81 99 0.02 0.10628 0.52 4.43786 1.59 0.30285 1.50 1705 23 1737 9
WZD-1-31 141 223 1.58 18 0.08 0.05812 1.85 0.66405 2.38 0.08286 1.51 513 7 534 40
WZD-1-32 333 385 1.16 78 0.01 0.07212 0.87 1.63417 1.93 0.16433 1.73 981 16 989 18
WZD-1-33 115 211 1.85 24 0.04 0.06567 1.68 1.15485 2.26 0.12754 1.51 774 11 796 35
WZD-1-34 148 39 0.27 30 0.02 0.07456 1.80 1.80719 2.35 0.17578 1.50 1044 14 1057 36
WZD-1-35 184 173 0.94 38 0.11 0.06940 1.11 1.49340 1.87 0.15607 1.50 935 13 911 23
WZD-1-36 92 147 1.59 12 0.00 0.05909 2.08 0.67527 2.58 0.08289 1.52 513 7 570 45
WZD-1-37 440 116 0.26 132 0.02 0.09002 0.57 3.17330 1.61 0.25566 1.50 1468 20 1426 11
WZD-1-38 297 147 0.50 41 0.87 0.05901 4.42 0.92961 4.68 0.11426 1.55 697 10 567 93
WZD-1-39 387 5 0.01 39 0.03 0.05980 1.13 0.78195 1.89 0.09484 1.51 584 8 596 24
WZD-1-40 143 132 0.93 24 0.10 0.06463 1.37 1.12937 2.04 0.12674 1.50 769 11 762 29
WZD-1-41 150 359 2.40 24 0.14 0.05821 1.79 0.69836 2.33 0.08701 1.50 538 8 538 39
WZD-1-42 142 156 1.10 34 0.04 0.07403 1.07 1.69668 2.16 0.16621 1.88 991 17 1042 22
WZD-1-43 515 241 0.47 134 0.03 0.08212 0.73 2.42613 1.67 0.21427 1.50 1252 17 1248 14
WZD-1-44 141 214 1.52 40 0.13 0.07715 1.25 1.99208 1.95 0.18726 1.50 1107 15 1125 25
WZD-1-45 229 35 0.15 27 0.06 0.06155 1.17 0.91477 1.90 0.10780 1.50 660 9 658 25
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WZD-1-46 264 451 1.71 35 0.00 0.05930 1.57 0.67723 2.17 0.08282 1.50 513 7 578 34
WZD-1-47 134 50 0.37 32 0.09 0.07876 1.03 2.20446 2.03 0.20300 1.75 1191 19 1166 20
WZD-1-48 253 169 0.67 23 0.05 0.05566 1.69 0.54817 2.36 0.07143 1.65 445 7 439 37
WZD-1-49 117 37 0.32 23 0.03 0.07108 1.20 1.61639 1.93 0.16494 1.50 984 14 960 24
WZD-1-50 148 114 0.77 25 0.10 0.06564 1.35 1.19647 2.02 0.13220 1.50 800 11 795 28
WZD-1-51 125 186 1.48 25 0.10 0.06516 1.59 1.18302 2.19 0.13168 1.50 797 11 779 33
WZD-1-52 204 179 0.88 116 0.11 0.16391 0.69 9.51426 1.65 0.42100 1.50 2265 29 2496 12
WZD-1-53 251 102 0.41 139 0.01 0.16388 0.37 9.82695 1.83 0.43490 1.80 2328 35 2496 6
WZD-1-54 27 28 1.05 22 0.28 0.21750 0.95 16.67000 1.79 0.55588 1.52 2850 35 2962 15
WZD-1-55 476 258 0.54 54 0.01 0.05871 0.96 0.74444 1.78 0.09196 1.50 567 8 556 21
WZD-1-56 67 59 0.88 11 0.18 0.06182 2.39 1.06449 2.83 0.12489 1.50 759 11 668 50
WZD-1-57 172 105 0.61 130 0.04 0.20090 0.38 15.34006 1.55 0.55380 1.50 2841 35 2833 6
WZD-1-58 441 361 0.82 128 0.21 0.08823 0.59 2.68626 1.62 0.22083 1.51 1286 18 1387 11
WZD-1-59 400 295 0.74 82 0.15 0.07137 0.87 1.59661 1.74 0.16225 1.51 969 14 968 18
WZD-1-60 579 108 0.19 100 0.21 0.07015 0.65 1.49046 1.63 0.15409 1.50 924 13 933 13
WZD-1-61 197 207 1.05 55 4.59 0.08549 2.77 2.32207 3.15 0.19701 1.51 1159 16 1327 53
WZD-1-62 268 461 1.72 57 0.05 0.06542 1.17 1.19734 1.90 0.13274 1.50 803 11 788 24
WZD-1-63 240 156 0.65 95 0.01 0.10679 0.54 4.48404 1.60 0.30453 1.50 1714 23 1745 10
WZD-1-64 892 1316 1.48 197 2.09 0.07482 1.09 1.59302 1.85 0.15442 1.50 926 13 1064 22
WZD-1-65 234 108 0.46 50 0.07 0.07360 0.91 1.79060 1.75 0.17645 1.50 1048 15 1031 18
WZD-1-66 188 132 0.70 49 0.03 0.08317 1.13 2.27913 1.95 0.19874 1.60 1169 17 1273 22
WZD-1-67 485 182 0.38 107 0.02 0.07561 0.53 1.92630 1.59 0.18478 1.50 1093 15 1085 11
WZD-1-68 847 71 0.08 264 0.02 0.10932 0.40 4.14780 1.55 0.27517 1.50 1567 21 1788 7
WZD-1-69 248 89 0.36 44 0.22 0.06933 1.02 1.44171 1.82 0.15082 1.51 906 13 909 21
WZD-1-70 140 165 1.18 26 0.16 0.06406 1.87 1.16398 2.43 0.13179 1.56 798 12 744 39
WZD-1-71 289 164 0.57 78 0.22 0.08208 0.74 2.41985 1.68 0.21383 1.51 1249 17 1247 14
WZD-1-72 222 193 0.87 39 0.11 0.06483 1.40 1.19601 2.06 0.13380 1.52 810 12 769 29
WZD-1-73 101 93 0.92 18 0.36 0.06486 1.82 1.20884 2.36 0.13517 1.50 817 12 770 38
WZD-1-74 266 194 0.73 36 0.02 0.06137 1.02 0.89687 1.82 0.10599 1.50 649 9 652 22
WZD-1-75 653 450 0.69 137 0.01 0.07132 0.58 1.60940 1.61 0.16366 1.50 977 14 967 12
WZD-1-76 151 597 3.94 32 0.05 0.06077 1.55 0.79328 2.16 0.09467 1.50 583 8 631 33
WZD-1-77 135 109 0.81 33 0.04 0.07728 1.39 1.95808 2.08 0.18376 1.55 1087 15 1128 28
WZD-1-78 212 100 0.47 40 0.02 0.06964 0.90 1.47360 1.75 0.15346 1.50 920 13 918 18
WZD-1-79 64 96 1.49 19 0.03 0.07721 1.41 2.09291 2.06 0.19660 1.50 1157 16 1127 28
WZD-1-80 133 69 0.52 26 0.10 0.07042 1.34 1.56045 2.01 0.16071 1.50 961 13 941 27
WZD-1-81 274 347 1.27 37 0.11 0.05775 1.62 0.73500 2.21 0.09231 1.50 569 8 520 35
WZD-1-82 212 135 0.64 36 0.81 0.06534 5.21 1.22696 5.43 0.13618 1.52 823 12 785 106
WZD-1-83 74 51 0.69 14 0.06 0.06809 1.94 1.36517 2.46 0.14541 1.50 875 12 871 40
WZD-1-84 202 155 0.77 35 0.05 0.06697 1.31 1.23865 1.99 0.13415 1.50 812 11 837 27
WZD-1-85 299 34 0.11 31 0.02 0.05971 1.11 0.78357 1.87 0.09517 1.51 586 8 593 24
WZD-1-86 250 122 0.49 56 0.04 0.07444 0.80 1.88208 1.71 0.18337 1.51 1085 15 1053 16

Errors are 1r; f206 is the percentage of common 206Pb in total 206Pb; Common Pb corrected using the measured 204Pb.
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Table 2
U–Pb LA-ICP-MS ages of detrital zircons from the bauxite ores sample (WZD-2) and mud shale of the Hanjiadian Group samples (WZD-3 and WZD-4) in the WZD area in western Yangtze Block, SW China.

Samples spot # U (ppm) Th (ppm) Th/U Isotopic ratio Age/Ma Conc. (%)

207Pb/206Pb ±1r 207Pb/235U ±1r 206Pb/238U ±1r 206Pb/238U ±1r 207Pb/206Pb ±1r 207Pb/235U ±1r

Sample WZD-2 (bauxite ores), 115 grains measured, 108 are concordant in the range of 90–110%, only concordant grains are shown
WZD-2-1 558 140 0.25 0.0699 0.0021 1.4528 0.0206 0.1508 0.0021 906 11 925 13 911 9 101
WZD-2-2 148 56 0.38 0.0725 0.0023 1.6728 0.0293 0.1675 0.0024 998 13 999 16 998 11 100
WZD-2-3 324 227 0.70 0.0558 0.0018 0.5434 0.0103 0.0707 0.0010 440 6 443 20 441 7 100
WZD-2-4 374 143 0.38 0.1549 0.0045 8.5256 0.1160 0.3994 0.0054 2166 25 2401 11 2289 12 110
WZD-2-5 268 145 0.54 0.1126 0.0033 5.1011 0.0703 0.3287 0.0045 1832 22 1842 11 1836 12 101
WZD-2-7 188 178 0.95 0.0691 0.0021 1.4154 0.0230 0.1486 0.0021 893 12 902 15 895 10 100
WZD-2-8 320 88 0.27 0.0672 0.0020 1.2733 0.0189 0.1375 0.0019 831 11 843 14 834 8 100
WZD-2-9 84 16 0.19 0.0738 0.0024 1.6389 0.0313 0.1611 0.0023 963 13 1036 18 985 12 108
WZD-2-10 776 399 0.51 0.0675 0.0020 1.3121 0.0184 0.1410 0.0019 850 11 853 13 851 8 100
WZD-2-11 103 30 0.29 0.0715 0.0024 1.5850 0.0311 0.1609 0.0023 961 13 971 19 964 12 100
WZD-2-12 339 286 0.84 0.0752 0.0023 1.8384 0.0265 0.1774 0.0024 1053 13 1073 13 1059 9 102
WZD-2-13 287 141 0.49 0.0705 0.0022 1.3914 0.0213 0.1431 0.0020 862 11 944 14 885 9 103
WZD-2-15 517 307 0.59 0.0772 0.0024 1.6009 0.0242 0.1504 0.0021 903 11 1127 13 971 9 108
WZD-2-16 189 93 0.49 0.0600 0.0021 0.8298 0.0265 0.1004 0.0014 616 8 603 78 614 15 100
WZD-2-17 235 83 0.35 0.0745 0.0023 1.8013 0.0274 0.1754 0.0024 1042 13 1055 14 1046 10 101
WZD-2-18 235 116 0.49 0.1579 0.0047 9.9564 0.1370 0.4575 0.0062 2429 27 2433 11 2431 13 100
WZD-2-19 175 110 0.63 0.0688 0.0022 1.3915 0.0242 0.1468 0.0020 883 11 891 17 885 10 100
WZD-2-20 450 379 0.84 0.1436 0.0040 7.6061 0.1802 0.3841 0.0057 2095 27 2271 49 2186 21 108
WZD-2-21 246 159 0.64 0.0652 0.0021 1.0645 0.0186 0.1184 0.0016 721 9 781 17 736 9 102
WZD-2-22 582 88 0.15 0.0669 0.0015 1.2118 0.0215 0.1313 0.0018 795 10 836 47 806 10 101
WZD-2-23 339 174 0.51 0.0755 0.0023 1.8639 0.0260 0.1790 0.0024 1061 13 1082 13 1068 9 102
WZD-2-24 777 401 0.52 0.2901 0.0087 27.8345 0.3784 0.6957 0.0094 3404 36 3418 10 3413 13 100
WZD-2-25 165 101 0.61 0.0616 0.0019 0.8956 0.0144 0.1054 0.0015 646 8 662 15 649 8 100
WZD-2-26 226 184 0.81 0.0918 0.0028 3.1314 0.0437 0.2474 0.0034 1425 17 1463 12 1440 11 103
WZD-2-27 144 119 0.82 0.0807 0.0025 2.2041 0.0338 0.1980 0.0027 1164 15 1215 13 1182 11 104
WZD-2-28 655 334 0.51 0.0754 0.0023 1.8898 0.0260 0.1818 0.0025 1077 13 1078 13 1077 9 100
WZD-2-29 109 57 0.52 0.1845 0.0056 13.1890 0.1819 0.5184 0.0071 2692 30 2694 10 2693 13 100
WZD-2-30 183 142 0.77 0.0790 0.0024 2.1709 0.0311 0.1993 0.0027 1171 15 1172 13 1172 10 100
WZD-2-31 181 168 0.93 0.0739 0.0023 1.7045 0.0260 0.1672 0.0023 996 13 1040 14 1010 10 104
WZD-2-32 281 169 0.60 0.1149 0.0035 5.3495 0.0739 0.3375 0.0046 1875 22 1879 11 1877 12 100
WZD-2-33 27 35 1.27 0.0671 0.0025 1.2260 0.0313 0.1325 0.0020 802 11 841 29 813 14 101
WZD-2-34 119 57 0.48 0.0693 0.0022 1.3975 0.0224 0.1463 0.0020 880 11 906 15 888 9 101
WZD-2-35 118 144 1.22 0.0820 0.0061 2.3038 0.1674 0.2039 0.0036 1196 19 1245 151 1213 51 104
WZD-2-37 162 160 0.99 0.0714 0.0022 1.5073 0.0218 0.1531 0.0021 918 12 969 13 933 9 102
WZD-2-39 202 174 0.86 0.0892 0.0027 2.9726 0.0414 0.2416 0.0033 1395 17 1409 12 1401 11 101
WZD-2-40 321 229 0.71 0.0596 0.0018 0.8068 0.0117 0.0983 0.0013 604 8 587 14 601 7 100
WZD-2-41 417 226 0.54 0.1590 0.0048 10.1011 0.1369 0.4607 0.0062 2443 28 2445 10 2444 13 100
WZD-2-42 382 361 0.95 0.1613 0.0048 9.8762 0.1344 0.4439 0.0060 2368 27 2470 11 2423 13 104
WZD-2-43 332 177 0.53 0.0681 0.0021 1.5104 0.0212 0.1608 0.0022 961 12 872 13 935 9 97
WZD-2-44 228 205 0.90 0.1585 0.0048 8.9355 0.1222 0.4088 0.0056 2209 25 2440 11 2331 12 110
WZD-2-45 31 9 0.30 0.0702 0.0023 1.5517 0.0302 0.1604 0.0023 959 13 933 19 951 12 99
WZD-2-46 834 262 0.31 0.0571 0.0017 0.7213 0.0101 0.0917 0.0013 565 7 494 14 551 6 98
WZD-2-47 141 313 2.23 0.0717 0.0022 1.1899 0.0185 0.1203 0.0017 732 9 979 14 796 9 109
WZD-2-48 430 299 0.70 0.0705 0.0021 1.5278 0.0212 0.1572 0.0021 941 12 943 13 942 9 100
WZD-2-49 191 125 0.65 0.0738 0.0022 1.7735 0.0259 0.1742 0.0024 1035 13 1037 13 1036 9 100
WZD-2-50 182 99 0.55 0.1599 0.0048 10.1996 0.1394 0.4626 0.0063 2451 28 2454 11 2453 13 100
WZD-2-51 47 19 0.40 0.0701 0.0022 1.4956 0.0262 0.1548 0.0022 928 12 931 17 929 11 100
WZD-2-52 102 71 0.70 0.0663 0.0021 1.2311 0.0198 0.1347 0.0019 815 11 815 15 815 9 100
WZD-2-53 923 517 0.56 0.1593 0.0047 9.0513 0.1223 0.4122 0.0056 2225 26 2448 10 2343 12 110
WZD-2-54 98 257 2.61 0.0581 0.0019 0.6841 0.0122 0.0854 0.0012 528 7 532 18 529 7 100
WZD-2-55 159 71 0.44 0.1069 0.0032 4.5839 0.0637 0.3111 0.0042 1746 21 1747 12 1746 12 100
WZD-2-56 355 188 0.53 0.1708 0.0051 11.2841 0.1538 0.4792 0.0065 2524 28 2565 10 2547 13 102
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WZD-2-57 167 291 1.74 0.0815 0.0025 2.3712 0.0339 0.2110 0.0029 1234 15 1234 13 1234 10 100
WZD-2-58 219 191 0.87 0.0729 0.0022 1.6983 0.0242 0.1690 0.0023 1007 13 1010 13 1008 9 100
WZD-2-59 69 62 0.89 0.1170 0.0036 5.5372 0.0830 0.3434 0.0049 1903 24 1910 12 1906 13 100
WZD-2-60 278 195 0.70 0.0759 0.0023 1.9291 0.0288 0.1844 0.0026 1091 14 1092 13 1091 10 100
WZD-2-61 242 111 0.46 0.0741 0.0022 1.7201 0.0433 0.1683 0.0025 1003 14 1045 60 1016 16 104
WZD-2-62 159 171 1.08 0.1638 0.0050 10.6744 0.1556 0.4726 0.0067 2495 29 2495 11 2495 14 100
WZD-2-63 150 307 2.05 0.0616 0.0020 0.7520 0.0127 0.0886 0.0013 547 8 659 16 569 7 104
WZD-2-64 293 177 0.60 0.0639 0.0020 0.9415 0.0144 0.1068 0.0015 654 9 739 14 674 8 103
WZD-2-65 519 1323 2.55 0.0707 0.0022 1.5230 0.0222 0.1563 0.0022 936 12 948 13 940 9 100
WZD-2-66 237 129 0.54 0.1137 0.0035 4.7978 0.0696 0.3059 0.0043 1721 21 1860 12 1785 12 108
WZD-2-67 203 228 1.12 0.1586 0.0048 9.9227 0.1431 0.4537 0.0064 2412 29 2441 11 2428 13 101
WZD-2-68 207 280 1.35 0.0992 0.0030 3.8528 0.0564 0.2817 0.0040 1600 20 1609 12 1604 12 101
WZD-2-69 329 182 0.55 0.0805 0.0024 2.3148 0.0602 0.2087 0.0031 1222 16 1208 60 1217 18 99
WZD-2-70 178 140 0.79 0.0997 0.0030 3.7290 0.0539 0.2712 0.0038 1547 19 1619 12 1578 12 105
WZD-2-71 509 399 0.78 0.0602 0.0018 0.6150 0.0091 0.0740 0.0011 460 6 612 14 487 6 106
WZD-2-72 341 252 0.74 0.0728 0.0022 1.6368 0.0241 0.1631 0.0023 974 13 1008 13 984 9 103
WZD-2-73 747 183 0.24 0.0604 0.0018 0.8199 0.0118 0.0984 0.0014 605 8 619 14 608 7 100
WZD-2-74 669 96 0.14 0.0741 0.0022 1.7775 0.0254 0.1741 0.0025 1034 13 1043 13 1037 9 101
WZD-2-75 127 151 1.19 0.0682 0.0021 0.9741 0.0156 0.1036 0.0015 635 9 874 15 691 8 109
WZD-2-76 329 230 0.70 0.0754 0.0023 1.8846 0.0272 0.1811 0.0026 1073 14 1080 13 1076 10 101
WZD-2-77 106 78 0.74 0.1101 0.0033 4.8673 0.0706 0.3205 0.0045 1792 22 1801 12 1797 12 101
WZD-2-78 245 218 0.89 0.0759 0.0023 1.9213 0.0277 0.1835 0.0026 1086 14 1093 13 1089 10 101
WZD-2-79 344 214 0.62 0.0774 0.0023 1.8785 0.0271 0.1760 0.0025 1045 14 1132 13 1074 10 108
WZD-2-80 440 410 0.93 0.0629 0.0019 0.7588 0.0111 0.0875 0.0012 541 7 705 14 573 6 106
WZD-2-81 451 373 0.83 0.0920 0.0028 3.2163 0.0454 0.2536 0.0036 1457 18 1466 12 1461 11 101
WZD-2-82 322 127 0.39 0.0738 0.0022 1.7158 0.0246 0.1685 0.0024 1004 13 1037 13 1014 9 103
WZD-2-83 293 204 0.69 0.0571 0.0017 0.5621 0.0085 0.0714 0.0010 444 6 496 15 453 6 102
WZD-2-84 61 78 1.27 0.0779 0.0024 1.8476 0.0296 0.1719 0.0025 1022 13 1145 14 1063 11 110
WZD-2-85 322 241 0.75 0.0717 0.0022 1.6085 0.0230 0.1626 0.0023 971 13 978 13 974 9 100
WZD-2-86 186 95 0.51 0.0605 0.0018 1.1694 0.0176 0.1402 0.0020 846 11 620 14 786 8 93
WZD-2-87 146 155 1.07 0.0678 0.0021 1.2429 0.0193 0.1328 0.0019 804 11 864 14 820 9 102
WZD-2-88 913 121 0.13 0.0713 0.0008 1.5824 0.0105 0.1610 0.0008 962 4 965 7 963 4 100
WZD-2-89 213 103 0.48 0.0646 0.0011 1.1155 0.0154 0.1251 0.0007 760 4 762 19 761 7 100
WZD-2-90 88 28 0.32 0.0758 0.0015 1.8708 0.0332 0.1790 0.0013 1062 7 1088 24 1071 12 102
WZD-2-91 62 24 0.38 0.1698 0.0022 11.3494 0.1061 0.4846 0.0032 2547 14 2556 8 2552 9 100
WZD-2-92 265 72 0.27 0.0719 0.0010 1.5968 0.0173 0.1610 0.0009 962 5 983 13 969 7 101
WZD-2-93 1005 1178 1.17 0.0770 0.0009 1.6115 0.0113 0.1518 0.0007 911 4 1121 7 975 4 107
WZD-2-94 224 142 0.63 0.0731 0.0010 1.6860 0.0175 0.1672 0.0009 996 5 1018 12 1003 7 102
WZD-2-95 256 245 0.96 0.0593 0.0011 0.7155 0.0108 0.0875 0.0005 541 3 578 22 548 6 101
WZD-2-96 483 267 0.55 0.1525 0.0022 8.4120 0.0933 0.4001 0.0028 2169 13 2374 10 2276 10 109
WZD-2-97 101 146 1.45 0.0677 0.0017 1.2584 0.0297 0.1347 0.0011 815 6 860 35 827 13 101
WZD-2-98 279 141 0.50 0.0763 0.0011 1.9504 0.0207 0.1855 0.0010 1097 6 1102 13 1099 7 100
WZD-2-101 235 156 0.66 0.1050 0.0013 4.4005 0.0364 0.3040 0.0016 1711 8 1714 8 1712 7 100
WZD-2-102 24 5 0.21 0.1761 0.0036 12.0265 0.2245 0.4953 0.0056 2594 24 2616 17 2606 18 101
WZD-2-104 141 125 0.89 0.1521 0.0021 9.2307 0.1104 0.4401 0.0028 2351 12 2370 24 2361 11 101
WZD-2-105 227 118 0.52 0.1148 0.0013 5.3356 0.0388 0.3372 0.0018 1873 8 1876 6 1875 6 100
WZD-2-106 121 50 0.42 0.0750 0.0015 1.7656 0.0316 0.1709 0.0012 1017 7 1067 24 1033 12 105
WZD-2-107 421 920 2.18 0.0619 0.0013 0.7971 0.0150 0.0935 0.0006 576 4 669 29 595 8 103
WZD-2-108 205 112 0.55 0.0738 0.0011 1.7158 0.0197 0.1687 0.0010 1005 5 1035 14 1014 7 103
WZD-2-109 497 590 1.19 0.1061 0.0013 4.0373 0.0344 0.2759 0.0015 1571 8 1734 8 1642 7 110
WZD-2-110 263 110 0.42 0.0713 0.0012 1.5444 0.0219 0.1571 0.0010 941 5 966 19 948 9 101
WZD-2-111 237 146 0.61 0.0677 0.0011 1.2867 0.0178 0.1379 0.0008 833 5 858 19 840 8 101
WZD-2-112 364 168 0.46 0.0725 0.0010 1.6781 0.0158 0.1678 0.0009 1000 5 1001 11 1000 6 100
WZD-2-113 645 545 0.84 0.0982 0.0011 3.7604 0.0250 0.2778 0.0014 1580 7 1590 6 1584 5 101
WZD-2-114 210 75 0.36 0.0812 0.0012 2.2489 0.0256 0.2009 0.0012 1180 6 1226 13 1196 8 104
WZD-2-115 293 291 0.99 0.0712 0.0021 1.5390 0.0223 0.1569 0.0021 939 12 963 13 946 9 101

Sample WZD-3 (mud shale of the Hanjiadian Group), 91 grains measured, 86 are concordant in the range of 90–110%, only concordant grains are shown
WZD-3-1 75 33 0.44 0.0691 0.0022 1.1036 0.0202 0.1159 0.0017 707 10 901 17 755 10 107

(continued on next page)
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Table 2 (continued)

Samples spot # U (ppm) Th (ppm) Th/U Isotopic ratio Age/Ma Conc. (%)

207Pb/206Pb ±1r 207Pb/235U ±1r 206Pb/238U ±1r 206Pb/238U ±1r 207Pb/206Pb ±1r 207Pb/235U ±1r

WZD-3-2 185 117 0.63 0.0741 0.0022 1.7924 0.0263 0.1755 0.0025 1042 14 1043 13 1043 10 100
WZD-3-3 536 141 0.26 0.1644 0.0049 10.3989 0.1472 0.4588 0.0065 2434 29 2501 11 2471 13 103
WZD-3-4 475 152 0.32 0.0633 0.0020 1.0259 0.0159 0.1175 0.0017 716 10 720 15 717 8 100
WZD-3-5 861 1163 1.35 0.1647 0.0050 10.2642 0.1467 0.4520 0.0064 2404 28 2504 11 2459 13 104
WZD-3-6 205 166 0.81 0.0699 0.0021 1.4744 0.0220 0.1531 0.0022 918 12 924 14 920 9 100
WZD-3-7 105 130 1.24 0.0591 0.0019 0.7441 0.0137 0.0913 0.0013 563 8 570 18 565 8 100
WZD-3-8 146 140 0.95 0.0783 0.0024 1.9794 0.0310 0.1834 0.0026 1086 14 1153 14 1109 11 106
WZD-3-9 115 99 0.86 0.0688 0.0022 1.2634 0.0205 0.1331 0.0019 805 11 894 15 829 9 103
WZD-3-10 322 400 1.24 0.0748 0.0023 1.6377 0.0244 0.1587 0.0023 950 13 1064 13 985 9 104
WZD-3-11 344 256 0.74 0.1626 0.0050 10.1219 0.1485 0.4515 0.0065 2402 29 2483 11 2446 14 103
WZD-3-12 305 164 0.54 0.0748 0.0023 1.8474 0.0277 0.1791 0.0026 1062 14 1064 14 1063 10 100
WZD-3-13 655 367 0.56 0.0769 0.0024 1.4166 0.0213 0.1337 0.0019 809 11 1118 13 896 9 138
WZD-3-14 88 101 1.15 0.1170 0.0037 4.9723 0.0774 0.3081 0.0045 1731 22 1912 12 1815 13 110
WZD-3-15 384 282 0.74 0.0800 0.0025 2.2446 0.0336 0.2035 0.0029 1194 16 1197 13 1195 11 100
WZD-3-16 302 316 1.05 0.1607 0.0049 9.6935 0.1425 0.4375 0.0063 2339 28 2463 11 2406 14 105
WZD-3-17 212 112 0.53 0.1731 0.0053 11.4951 0.1694 0.4817 0.0069 2535 30 2587 11 2564 14 102
WZD-3-18 428 70 0.16 0.1868 0.0039 13.0357 0.1986 0.5061 0.0072 2640 31 2714 35 2682 14 103
WZD-3-19 274 231 0.84 0.1642 0.0050 10.8396 0.1590 0.4787 0.0069 2522 30 2500 11 2509 14 99
WZD-3-20 239 127 0.53 0.1056 0.0029 4.3804 0.1007 0.3008 0.0045 1695 22 1725 52 1709 19 102
WZD-3-21 113 57 0.51 0.2524 0.0077 22.3507 0.3257 0.6422 0.0092 3198 36 3200 10 3199 14 100
WZD-3-22 223 287 1.29 0.0733 0.0023 1.6789 0.0251 0.1661 0.0024 990 13 1023 14 1001 10 103
WZD-3-23 82 95 1.16 0.0695 0.0035 1.4654 0.0707 0.1529 0.0025 917 14 914 108 916 29 100
WZD-3-24 268 164 0.61 0.0611 0.0024 0.8322 0.0302 0.0988 0.0015 607 9 643 87 615 17 101
WZD-3-25 411 244 0.59 0.0702 0.0021 1.3335 0.0198 0.1379 0.0020 832 11 933 14 860 9 103
WZD-3-26 651 199 0.31 0.0631 0.0019 0.8531 0.0126 0.0980 0.0014 603 8 713 14 626 7 103
WZD-3-28 385 218 0.57 0.1616 0.0049 10.3848 0.1501 0.4660 0.0066 2466 29 2472 11 2470 13 100
WZD-3-29 314 94 0.30 0.1009 0.0031 3.7209 0.0545 0.2674 0.0038 1527 19 1641 12 1576 12 107
WZD-3-30 99 151 1.53 0.0692 0.0022 1.3376 0.0211 0.1401 0.0020 845 11 906 15 862 9 102
WZD-3-31 200 73 0.36 0.1031 0.0031 4.2339 0.0618 0.2976 0.0042 1680 21 1681 12 1681 12 100
WZD-3-32 135 198 1.46 0.1580 0.0049 9.7358 0.1516 0.4469 0.0065 2382 29 2434 12 2410 14 102
WZD-3-33 175 78 0.45 0.0725 0.0022 1.6633 0.0253 0.1664 0.0024 992 13 999 14 995 10 100
WZD-3-34 167 65 0.39 0.0733 0.0021 1.7866 0.0432 0.1768 0.0026 1049 14 1022 59 1041 16 97
WZD-3-35 175 150 0.86 0.0671 0.0021 1.2770 0.0192 0.1380 0.0020 834 11 840 14 836 9 100
WZD-3-36 197 106 0.54 0.2585 0.0079 23.2310 0.3391 0.6517 0.0093 3235 36 3238 10 3237 14 100
WZD-3-37 192 176 0.91 0.0725 0.0022 1.6410 0.0247 0.1642 0.0023 980 13 999 14 986 10 101
WZD-3-38 247 156 0.63 0.2875 0.0088 27.5483 0.4016 0.6949 0.0099 3401 38 3404 10 3403 14 100
WZD-3-39 463 699 1.51 0.0589 0.0018 0.7031 0.0109 0.0866 0.0012 536 7 562 15 541 6 101
WZD-3-41 51 34 0.66 0.1743 0.0054 11.9269 0.1775 0.4962 0.0071 2598 31 2599 11 2599 14 100
WZD-3-42 460 236 0.51 0.0714 0.0022 1.5660 0.0234 0.1590 0.0023 951 13 970 14 957 9 101
WZD-3-43 374 318 0.85 0.0598 0.0019 0.7301 0.0114 0.0885 0.0013 547 7 596 15 557 7 102
WZD-3-44 114 70 0.62 0.0721 0.0023 1.6237 0.0256 0.1634 0.0023 975 13 988 14 979 10 100
WZD-3-45 424 215 0.51 0.0908 0.0028 3.1358 0.0461 0.2505 0.0036 1441 18 1442 13 1442 11 100
WZD-3-46 661 747 1.13 0.0612 0.0019 0.8849 0.0133 0.1049 0.0015 643 9 645 15 644 7 100
WZD-3-47 306 216 0.70 0.0737 0.0023 1.7223 0.0257 0.1695 0.0024 1010 13 1032 14 1017 10 102
WZD-3-48 153 5 0.03 0.0598 0.0014 0.7734 0.0142 0.0938 0.0013 578 8 597 51 582 8 101
WZD-3-49 283 110 0.39 0.0768 0.0024 1.9874 0.0296 0.1876 0.0027 1108 14 1116 13 1111 10 101
WZD-3-50 198 253 1.28 0.0685 0.0021 1.3692 0.0209 0.1449 0.0021 872 12 885 14 876 9 100
WZD-3-52 108 101 0.93 0.0938 0.0029 3.1545 0.0492 0.2438 0.0035 1406 18 1504 13 1446 12 107
WZD-3-53 318 83 0.26 0.0744 0.0023 1.7810 0.0273 0.1735 0.0025 1032 14 1053 14 1039 10 102
WZD-3-54 425 60 0.14 0.0725 0.0023 1.5748 0.0236 0.1576 0.0022 944 12 999 14 960 9 102
WZD-3-55 472 449 0.95 0.0668 0.0021 1.2392 0.0190 0.1344 0.0018 813 10 833 14 819 9 101
WZD-3-56 131 74 0.57 0.1880 0.0058 13.5881 0.1929 0.5243 0.0071 2717 30 2724 11 2721 13 100
WZD-3-57 934 623 0.67 0.1352 0.0042 7.0805 0.1003 0.3799 0.0052 2076 24 2166 11 2122 13 104
WZD-3-58 207 147 0.71 0.0694 0.0016 1.1808 0.0209 0.1235 0.0017 750 10 910 47 792 10 106
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WZD-3-59 139 57 0.41 0.0650 0.0022 1.0161 0.0192 0.1133 0.0016 692 9 775 19 712 10 103
WZD-3-60 884 1375 1.56 0.0996 0.0032 2.9665 0.0512 0.2160 0.0030 1261 16 1616 15 1399 13 108
WZD-3-61 462 258 0.56 0.0728 0.0023 1.6740 0.0248 0.1668 0.0023 994 12 1008 13 999 9 101
WZD-3-62 153 72 0.47 0.0749 0.0024 1.7975 0.0305 0.1741 0.0024 1035 13 1065 16 1045 11 103
WZD-3-63 841 122 0.14 0.0981 0.0031 3.7650 0.0579 0.2782 0.0038 1582 19 1589 13 1585 12 100
WZD-3-65 349 132 0.38 0.0630 0.0020 0.9239 0.0157 0.1063 0.0015 651 9 709 16 664 8 102
WZD-3-66 354 166 0.47 0.1654 0.0051 10.8288 0.1521 0.4748 0.0065 2505 28 2512 11 2509 13 100
WZD-3-67 128 108 0.84 0.0806 0.0026 2.2286 0.0380 0.2004 0.0028 1178 15 1212 15 1190 12 103
WZD-3-68 700 490 0.70 0.0807 0.0025 1.9545 0.0285 0.1757 0.0024 1044 13 1213 13 1100 10 106
WZD-3-69 80 33 0.41 0.0734 0.0020 1.5264 0.0346 0.1509 0.0022 906 12 1024 55 941 14 104
WZD-3-70 51 26 0.52 0.0798 0.0022 2.0530 0.0486 0.1865 0.0027 1103 15 1193 56 1133 16 108
WZD-3-71 71 116 1.64 0.0771 0.0023 1.9496 0.0511 0.1834 0.0028 1086 15 1124 62 1098 18 103
WZD-3-72 471 140 0.36 0.0758 0.0024 1.9115 0.0281 0.1830 0.0025 1083 14 1089 13 1085 10 101
WZD-3-73 154 132 0.86 0.0732 0.0018 1.3385 0.0275 0.1327 0.0019 803 11 1018 52 863 12 107
WZD-3-74 43 25 0.57 0.1739 0.0055 11.8692 0.1892 0.4950 0.0071 2592 31 2595 12 2594 15 100
WZD-3-75 167 90 0.54 0.0788 0.0018 1.6814 0.0316 0.1548 0.0021 928 12 1167 47 1002 12 108
WZD-3-76 272 156 0.57 0.0595 0.0014 0.5747 0.0112 0.0701 0.0010 437 6 585 53 461 7 105
WZD-3-77 180 258 1.43 0.0681 0.0022 1.2808 0.0230 0.1364 0.0019 824 11 871 17 837 10 102
WZD-3-78 60 82 1.37 0.1770 0.0056 10.8440 0.1689 0.4443 0.0063 2370 28 2625 12 2510 14 110
WZD-3-79 201 92 0.46 0.1169 0.0037 5.5358 0.0822 0.3433 0.0048 1903 23 1910 12 1906 13 100
WZD-3-80 70 27 0.39 0.0774 0.0024 1.7972 0.0497 0.1685 0.0026 1004 14 1131 64 1044 18 104
WZD-3-81 349 146 0.42 0.0731 0.0023 1.7139 0.0275 0.1701 0.0024 1013 13 1016 15 1014 10 100
WZD-3-82 171 78 0.46 0.1461 0.0046 8.6371 0.1273 0.4286 0.0060 2299 27 2301 11 2300 13 100
WZD-3-84 205 21 0.10 0.0700 0.0018 1.4901 0.0312 0.1544 0.0022 926 12 928 53 926 13 100
WZD-3-85 140 92 0.66 0.0710 0.0018 1.3589 0.0282 0.1388 0.0020 838 11 958 53 871 12 104
WZD-3-86 273 362 1.32 0.0754 0.0024 1.7852 0.0291 0.1717 0.0024 1022 13 1079 15 1040 11 106
WZD-3-87 579 348 0.60 0.0751 0.0024 1.8129 0.0283 0.1751 0.0024 1040 13 1071 14 1050 10 103
WZD-3-88 267 68 0.26 0.0754 0.0017 1.5435 0.0275 0.1486 0.0021 893 12 1078 46 948 11 106
WZD-3-89 441 326 0.74 0.0785 0.0025 1.8438 0.0291 0.1704 0.0024 1014 13 1159 14 1061 10 105
WZD-3-90 555 160 0.29 0.0714 0.0016 1.4749 0.0249 0.1499 0.0021 900 12 968 45 920 10 102
WZD-3-91 198 152 0.76 0.0772 0.0025 1.8475 0.0306 0.1736 0.0025 1032 13 1125 15 1063 11 109

Sample WZD-4 (mud shale of the Hanjiadian Group), 45 grains measured, 43 are concordant in the range of 90–110%, only concordant grains are shown
WZD-4-1 142 247 1.74 0.0582 0.0019 0.6919 0.0114 0.0862 0.0012 533 7 537 16 534 7 100
WZD-4-2 281 194 0.69 0.0746 0.0023 1.3716 0.0214 0.1333 0.0019 807 11 1058 14 877 9 109
WZD-4-3 95 118 1.25 0.0657 0.0021 1.1595 0.0191 0.1279 0.0018 776 10 797 15 782 9 101
WZD-4-4 253 117 0.46 0.0681 0.0021 1.3509 0.0206 0.1438 0.0021 866 12 872 14 868 9 100
WZD-4-5 76 58 0.76 0.0687 0.0022 1.3062 0.0225 0.1380 0.0020 833 11 888 16 848 10 102
WZD-4-6 327 215 0.66 0.0864 0.0027 2.6947 0.0400 0.2263 0.0032 1315 17 1346 13 1327 11 102
WZD-4-7 156 78 0.50 0.0789 0.0025 2.1446 0.0326 0.1971 0.0028 1160 15 1169 13 1163 11 101
WZD-4-8 129 210 1.63 0.1648 0.0051 10.6710 0.1572 0.4694 0.0067 2481 29 2506 11 2495 14 101
WZD-4-9 280 279 1.00 0.0782 0.0024 2.0492 0.0308 0.1900 0.0027 1121 15 1152 13 1132 10 103
WZD-4-10 52 57 1.10 0.0692 0.0024 1.2441 0.0263 0.1304 0.0019 790 11 904 21 821 12 104
WZD-4-12 104 110 1.05 0.0702 0.0023 1.3202 0.0227 0.1363 0.0020 824 11 935 16 855 10 104
WZD-4-13 99 31 0.31 0.0603 0.0019 0.8266 0.0225 0.0995 0.0015 611 9 614 68 612 12 100
WZD-4-14 124 165 1.33 0.0604 0.0020 0.7753 0.0135 0.0931 0.0013 574 8 617 17 583 8 102
WZD-4-15 509 399 0.78 0.1587 0.0049 9.6857 0.1433 0.4425 0.0063 2362 28 2442 11 2405 14 103
WZD-4-16 102 77 0.75 0.0696 0.0029 1.3019 0.0511 0.1357 0.0021 820 12 916 89 847 23 103
WZD-4-17 77 68 0.89 0.1565 0.0049 9.6167 0.1483 0.4457 0.0064 2376 29 2418 12 2399 14 102
WZD-4-18 202 130 0.65 0.0693 0.0025 1.4119 0.0452 0.1477 0.0022 888 13 908 75 894 19 101
WZD-4-19 148 88 0.60 0.0653 0.0021 1.1023 0.0178 0.1225 0.0018 745 10 782 15 754 9 101
WZD-4-20 250 163 0.65 0.0843 0.0026 2.5944 0.0388 0.2232 0.0032 1299 17 1299 13 1299 11 100
WZD-4-21 54 68 1.25 0.0717 0.0024 1.4090 0.0255 0.1424 0.0021 858 12 979 17 893 11 104
WZD-4-22 135 83 0.62 0.0670 0.0021 1.2726 0.0204 0.1378 0.0020 832 11 836 15 834 9 100
WZD-4-23 135 179 1.32 0.0652 0.0021 1.1536 0.0181 0.1283 0.0018 778 10 782 15 779 9 100
WZD-4-24 98 50 0.51 0.0735 0.0023 1.7376 0.0275 0.1716 0.0025 1021 14 1026 14 1023 10 100
WZD-4-25 197 243 1.24 0.1429 0.0054 7.5518 0.2548 0.3834 0.0065 2092 30 2262 67 2179 30 108
WZD-4-26 117 111 0.94 0.0798 0.0025 2.1962 0.0342 0.1995 0.0029 1173 15 1193 14 1180 11 102
WZD-4-27 276 227 0.83 0.0751 0.0024 1.7416 0.0267 0.1681 0.0024 1002 13 1072 14 1024 10 107
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to those for sample WZD-1 except for slight differences in age
cluster distribution for the Archean (Figs. 5 and 7). The zircon
population of sample WZD-2 shows the following age peaks:
700–400 Ma, 1300–700 Ma, 1900–1800 Ma and 2500–2400 Ma.
Plotted on a probability diagram, maxima in the frequency distri-
bution occur at 957, 1081 and 2440 Ma. Three zircon grains consti-
tute a 1500–1300 Ma age group. The oldest grain has an age of
3418 ± 10 Ma.

4.2. Hanjiadian Group samples WZD-3 and WZD-4

Most zircons collected from the samples WZD-3 and WZD-4 are
subhedral to rounded, with most grains less than 100 lm long,
showing oscillatory zoning (Fig. 4). Most of the zircons have high
Th/U ratios (>0.1) and were likely derived from igneous rocks.

The zircon ages for both samples (Figs. 6 and 7; Table 2) are
quite similar. Eighty-six grains from sample WZD-3 yielded a spec-
trum spanning ages between 437 ± 6 Ma and 3404 ± 10 Ma. The
majority of zircons in sample WZD-3 yielded ages between
700 Ma and 1300 Ma with peak ages at 834 Ma and 1009 Ma. There
are also minor age groups ranging from 400 Ma to 700 Ma,
1700 Ma to 1800 Ma, and 2400 Ma to 2600 Ma. Three grains have
older ages of 3200 Ma, 3240 Ma, and 3400 Ma. The 400–700 Ma
group is scattered, defining a peak at about 546 Ma. The 2600–
2400 Ga group cluster closely and define a peak at 2501 Ma. The
youngest zircon is dated at 437 ± 6 Ma.

Forty-three zircon grains from WZD-4 were analyzed, of which
31 analyses yielded concordant ages of 1400–700 Ma with a peak
age at 827 Ma (Figs. 6 and 7). Six grains yielded older ages of
2530–2260 Ma and the four youngest zircon grains have ages
of 700–500 Ma. In addition, there are also two analyses with ages
of about 1800–1700 Ma.
5. Discussion

5.1. Source rocks for the WZD bauxite

The underlying Hanjiadian Group has been suggested to be the
major source rocks for the bauxites because of similar chondrite-
normalized REE patterns and ratios of immobile elements (e.g.,
Jin et al., 2009; Gu et al., 2011). However, it is difficult to ascertain
the immobile elements because fractionation of major, trace, and
REE elements during bauxitization may have occurred. The Cr–Ni
plot indicates that the origin of the WZD bauxite ores is complex
and they may not be derived from one single precursor rocks
(e.g. Gu et al., 2011). Therefore, it is difficult to identify the source
rock from which the bauxite was derived via geochemical
investigation.

The zircon ages obtained (Figs. 5–7; Tables 1 and 2) are similar
in the four samples studied with some slight differences for the
percent of post-Cambrian ages found. From the U–Pb ages of the
detrital zircons, we suggest the bauxite and the Hanjiadian Group
share a similar provenance. The 120–680 m thick Hanjiadian
Group is present throughout the WZD area and it can also be trans-
formed into bauxite through in situ lateritization (Jin et al., 2009).
We can conclude that the bauxites were mainly derived from the
Hanjiadian Group.

5.2. Provenance of the Hanjiadian Group and bauxite

Though we believe that the source rocks for the WZD bauxite
are the Hanjiadian Group, the depositional source of the Hanjia-
dian Group itself is ill defined because of many cycles of erosion
and transportation. Therefore, identification of the provenance of
the bauxite and the Hanjiadian Group are necessary to reveal the



Fig. 5. U–Pb concordia plots of zircon grains from samples of bauxite ores (WZD-1 and WZD-2). Concordia plots A1 and B1 show all analyses. Concordia plots A2 and B2 show
the largest age population of zircon grains (0.7–1.3 Ga).
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details of the ore-forming process. The age distribution of detrital
zircons indicates that the zircons are probably derived from a vari-
ety of sources including Neoproterozoic, Mesoproterozoic, Paleo-
proterozoic, Archean rock units with a minor contribution from
Paleozoic rocks. Four main age peaks are evident in the detrital zir-
con populations of the studied samples: 2600–2400 Ma, 1900–
1700 Ma, 1300–700 Ma and 700–400 Ma (Figs. 5–7). The ages of
igneous rocks in the basement of the Yangtze Block and Cathaysia
Block are summarized in Fig. 7 (Li et al., 2003a, 2003b; Qiu and
Gao, 2000; Wang et al., 2006; Zhou et al., 2002b; Li et al., 2002a;
Li, 1997; Xiong et al., 2009; Yu et al., 2009). Comparison of age pop-
ulations helps to identify the sources of the bauxite and the Hanjia-
dian Group.

All the samples share a common dominant age population rang-
ing from 1300 to 700 Ma (Figs. 5–7). These dominant concordant
ages are consistent with previous estimates of late Mesoproterozo-
ic to Neoproterozoic tectonic events at the southwestern margin of
the Yangtze Block, such as subduction-related magmatic activity at
ca. 1000–740 Ma along the western margin of the Yangtze Block
(Sun et al., 2009) and the global Grenville orogenic events at ca.
1300–1000 Ma, owing to the convergence of the Rodinia supercon-
tinent (Hoffman, 1991), suggesting that rocks of this age might
have been a major sediment source. Neoproterozoic igneous rocks
ranging in age from ca. 1000 Ma to ca. 740 Ma are widespread in
the western Yangtze Block (Li et al., 2002a; Zhou et al., 2002b).
For instance, the ca. 950–900 Ma Xixiang basalts (Ling et al.,
2003) and the ca. 820–740 Ma mafic–ultramafic intrusions in the
Hannan region (Zhou et al., 2002a; Zhao and Zhou, 2009), the ca.
890–870 Ma mafic to intermediate plutons (Xiao et al., 2007) and
ca. 840–770 Ma volcanic rocks in the Bikou area (Yan et al.,
2004), the ca. 860 Ma dioritic Guandaoshan pluton (Sun and Zhou,
2008) and the ca. 810 Ma Gaojiacun and Lengshuiqing mafic–ultra-
mafic intrusive pluton (Shen et al., 2003; Zhou et al., 2006) in the
Yanbian region, and the ca. 740 Ma Panzhihua gabbroic intrusion
(Zhao and Zhou, 2007) and the ca. 760 Ma Datian adakitic pluton
(Zhao and Zhou, 2007). All these Neoproterozoic igneous rocks
would be capable of providing sediment for the Hanjiadian Group.
Grenville-aged igneous rocks are rarely exposed in the Yangtze
Block, whereas rocks of that age are abundant in the Cathaysia
Block. In the assembly models of the Rodinia supercontinent (Li
et al., 2002b; Yu et al., 2008), those adjacent blocks could be poten-
tially possible regions for these Grenvillian zircons. Rocks with pre-
cise Grenvillian U–Pb ages in the Cathaysia Block are the Jingnan
rhyolites occurring in the southwestern Wuyi Mountains, which
were dated at 972 ± 8 Ma by the SHRIMP U–Pb zircon method, with
inherited magmatic zircons dated at ca. 1104–1055 Ma (Shu et al.,
2008a,b). In addition, some Grenville-aged detrital/inherited zir-
cons have been found in meta-sedimentary rocks on Hainan Island
and northern Fujian (Li et al., 2002b;Wan et al., 2007) and in the
Guzai granodiorite in eastern Guangdong (Ding et al., 2005). There-
fore, a very large population of Grenville-age zircons may have
been available from the igneous rocks of the southern Cathaysia.



Fig. 6. U–Pb concordia plots of zircon grains from samples of Hanjiadian Group (WZD-3 and WZD-4). Concordia plots A1 and B1 show all analyses. Concordia plots A2 and B2
show the largest age population of zircon grains (0.7–1.3 Ga).
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The smaller age population ranging from 1900 Ma to 1700 Ma is
consistent with previous estimates of the main episodes of crustal
growth in the western Yangtze Block (Li et al., 1991; Sun et al.,
2008b, 2009) and the Cathaysia Block (Yao et al., 2011). Zircons
with ages of ca. 1800 Ma were obtained from many localities with-
in the both blocks, e.g. the granites (ca. 1854 Ma) in the Kongling
terrane (Li, 1997; Li et al., 2010a,b, 2012), the Danzhu gneissic
granite (ca. 1854 Ma) in the northern Cathaysia Block (Li and Li,
2007), and the Tianjingping amphibolite (ca. 1766 Ma) in the
southwestern Wuyi Mountains (Li, 1997). The detrital zircons with
ages of 1900–1700 Ma have also been found in the Meso-Neopro-
terozoic sedimentary rocks distributed along the western margin
of the Yangtze Block (Greentree et al., 2006). Thus, these earlier
Meso-proterozoic terranes within the Yangtze Block and Cathaysia
Block are likely to be a provenance of the Hanjiadian Group and
bauxite. The age histogram indicates an important older age popu-
lation ranging from 2600 Ma to 2400 Ma (Figs. 5–7). Similar zircon
U–Pb ages (2493 ± 19 Ma) for the gneiss from the Yangtze Block
have been reported by Tu et al. (2001). The magmatic zircons with
similar ages (ca. 2300–2500 Ma) have been found in the basement
of the Yangtze Block, but are absent in that of the Cathaysia Block
(Greentree et al., 2006). Therefore, a portion of the detrital zircon
grains in the Hanjiadian Group and bauxite might have been de-
rived from the earlier paleoproterozoic provenance in the Yangtze
Block. A very small population of older detrital zircons (>3000 Ma)
found in this study suggests a minor contribution from the
Kongling Complex (3200–2900 Ma) exposed on the Yangtze Block.
The presence of some younger zircons (700–400 Ma), does not al-
low us to rule out the contribution of reworked late Neoproterozo-
ic to Ordovician sedimentary sequences.

Above detrital zircons provenance analysis of the Hanjiadian
Group and bauxite indicates that their source rocks are dominantly
the Neoproterozoic igneous rocks (1000–740 Ma) in the western
Yangtze Block and the Grenville-age igneous rocks (1300–
1000 Ma) in the southern Cathaysia Block. The Kongling terrane
in the northern part of the Yangtze block, the earlier paleoprotero-
zoic terranes within the Yangtze Block, and the earlier Meso-prote-
rozoic terranes within the Yangtze Block and the Cathaysia Block
are likely to be additional potential sediment provenance.
Although many bauxitic–lateritic deposits are now known within
the WZD area, the potential for discovery of additional bauxite
deposits remains high in several unexplored districts. These in-
clude the central and north Guizhou and west Guangxi districts
in the Yangtze Block and some areas in the Cathaysia Block with
geology similar to the areas studied for this work.
5.3. Implications for the ore-forming process

Based on LA-ICP-MS and SIMS U–Pb dating of detrital zircons,
we propose the following model for bauxite ore formation in the
WZD area:



Fig. 7. Probability density plots comparing U–Pb ages for detrital zircon in this study with rock ages in the Yangtze Block (Li et al., 2003a, 2003b; Qiu and Gao, 2000; Wang
et al., 2006; Zhou et al., 2002) and Cathaysia Block (Li et al., 2002a; Li, 1997; Xiong et al., 2009; Yu et al., 2009).
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Grenville orogenic events (1300–1000 Ma) and the subduction-
related magmatic activity along the western edge of the Yangtze
Block (1000–740 Ma) caused crustal uplift that exposed associated
magmatic rocks and the Precambrian basement rocks. During this
period of uplift, the Precambrian basement and magmatic rocks
underwent a long periods of intense weathering. Primary minerals
(feldspar, ferromagnesians and heavy minerals, etc.) in these rocks
were weathered to kaolinite, sericite, quartz, and small amounts of
calcite, chlorite, hematite, goethite, rutile, anatase and amorphous
materials. Thereafter, the region experienced a large transgressive–
regressive cycle from Cambrian to Middle Silurian, resulting in the
deposition of weathered material in the Yangtze Block to form
Cambro-Ordovician carbonate rocks and the Hanjiadian Group.
During the Upper Silurian to Upper Carboniferous, a fall in sea level
led to an epeirogenic phase and the subaerial exposure of the Han-
jiadian Group and resulting in ceasing of sedimentation. At the
same time, the Hanjiadian Group, already enriched in alumina
and iron, was subjected to lateritic weathering under subtropical
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to tropical climate conditions and thick in situ weathering zones
formed. During this early stage of the lateritic weathering, alkalies
were leached from the system by acidic solutions, while insoluble
elements such as Al, Ti, Fe and Si were reprecipitated as simple oxi-
des and and hydroxides, resulting in the accumulation of bauxitic
materials, Fe and Ti oxides, and clay minerals. During the following
transgression in the latest Carboniferous, the Huanglong limestone
was discontinuously deposited only in the low-lying areas of the
Hanjiadian Group. In situ weathering zones developed on the Han-
jiadian Group with a probable gentle topography under warm hu-
mid climate conditions during the Lower to Middle Permian. At
that time, the weathered bauxitic materials were slightly uplifted
and subjected to severe lateritic weathering again resulting in
the formation of the WZD bauxite deposits. Bauxitic–lateritic hori-
zons were subsequently preserved by deposition of limestone of
the Qixia and Maokou Formations and other sediments.
6. Conclusions

LA-ICP-MS and SIMS U–Pb dating of detrital zircons from the
bauxite deposits in the WZD area are reported for the first time.
The data provide information on the origin of the bauxite, and give
new insights into bauxite ore-forming processes.

(1) The similar detrital zircons age patterns suggest that the
bauxites may have a close genetic relationship with the
underlying Hanjiadian Group. The weathered Hanjiadian
Group was partly converted to bauxite by means of progres-
sive in situ lateritic weathering.

(2) The ages of detrital zircons of the bauxite and the Hanjiadian
Group from the WZD area compared with the ages of the
igneous rocks in the basement of the Yangtze Block and Cat-
haysia Block indicates that both the Yangtze Block and the
Cathaysia Block provide deposipional source for the bauxite
and the Hanjiadian Group. The Neoproterozoic igneous rocks
(1000–740 Ma) in the western Yangtze Block and the Gren-
ville-aged igneous rocks (1300–1000 Ma) in the southern
Cathaysia Block are likely the main provenances of the baux-
ite and the Hanjiadian Group.

(3) U–Pb dating of detrital zircons indicate that the formation of
the bauxite deposits in the WZD area was related to subduc-
tion-related magmatic activity along western margin of the
Yangtze Block (1.0–0.74 Ga) and the worldwide Grenville
orogenic events (1.3–1.0 Ga).
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