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Abstract Mesozoic mineral deposits in South China in-
clude world-class deposits of W, Sn and Sb and those that
provide the major sources of Ta, Cu, Hg, As, TI, Pb, Zn, Au
and Ag for the entire country. These deposits can be classi-
fied into polymetallic hydrothermal systems closely related
to felsic intrusive rocks (Sn—W —Mo granites, Cu porphy-
ries, polymetallic and Fe skarns, and polymetallic vein
deposits) and low-temperature hydrothermal systems with
no direct connection to igneous activities (MVT deposits,
epithermal Au and Sb deposits). Recent studies have shown
that they formed in the Triassic (Indosinian), Jurassic—Cre-
taceous (Early Yanshanian), and Cretaceous (Late Yansha-
nian) stages. Indosinian deposits include major MVT (Pb—
Zn—Ag) deposits and granite-related W—Sn deposits. Early
Yanshanian deposits are low-temperature Sb—Au and high-
temperature W—Sn and Cu porphyry types. Many Late Yan-
shanian deposits are low-temperature Au—As—Sb-Hg and U
deposits, and also include high-temperature W—Sn polyme-
tallic deposits. The formation of these deposits is linked
with a specific tectonothermal evolution and igneous activ-
ities. This special issue brings together some of the latest
information in eight papers that deal with the origins and
tectonic environments of mineral deposits formed in these
stages. We anticipate that this issue will stimulate more
interests in these ore deposits in South China.
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Tectonic division and igneous activities

The South China Craton in the southeastern part of the Eurasian
continent is made up of the Yangtze and Cathaysia Blocks
(Fig. 1), which were welded together along the Jiangnan oro-
genic belt around 830 Ma (Zhao et al. 2011). South China is
bounded by the North China Craton to the north, the Songpan—
Ganzi Terrane of the Tibetan Plateau to the northwest, and the
Indochina Craton to the south (Fig. 1).

The basement of the Yangtze Block consists of late Archean
rocks in the north and younger, only weakly metamorphosed
Mesoproterozoic to Neoproterozoic rocks in the west and east,
intruded by widespread Neoproterozoic igneous bodies (Zhou
et al. 2002). The sedimentary cover of the Yangtze Block
consists mainly of folded Paleozoic and Early Mesozoic strata
of shallow marine origin and Jurassic, Cretaceous, and
Cenozoic strata of continental facies (Yan et al. 2003).

In the Cathaysia Block, the basement is composed of 1.9—
1.8 Ga sedimentary rocks and Neoproterozoic to Early Paleozoic
metamorphic rocks (Yu et al. 2005). Due to the Early Paleozoic
(Caledonian) orogeny, Late Ordovician to Middle Devonian
strata are absent but there are widespread granitic intrusions with
ages ranging from 480 to 400 Ma (Yu et al. 2005).

Indosinian (Triassic) magmatism produced voluminous
granitic plutons in South China, particularly in Hunan,
Jiangxi, and Guangxi Provinces (Chen and Jahn 1998). The
granitic rocks have a wide range of ages, from ca. 260 to
200 Ma (Wang et al. 2005, 2007; Zhou et al. 2006; Chen et al.
2011). The origin of the Indosinian magmatism is thought to
be due to NW-trending flat subduction of the Pacific plate
underneath South China, leading to northwestward migration
of shortening and broadly zonal distribution of plutons (Cui
and Li 1983; Li and Li 2007). The Indosinian deformation and
magmatism were also influenced by the collision between the
Indochina and South China Cratons in response to the closure
of the Paleotethys Ocean (Wang et al. 2005, 2007; Zhou et al.
2006; Lepvrier et al. 2008; Chen et al. 2011).
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Fig. 1 Tectonic divisions of South China (adapted from Wang et al. 2012)

A profound feature of South China is the giant Yanshanian
igneous province, which forms a swath >1,000 km wide
across the whole Cathaysian Block and the eastern part of
the Yangtze Block (Li and Li 2007). The granitic rocks in this
province range in age from Jurassic to Cretaceous, notably the
Early (180-125 Ma) and Late (110-85 Ma) Yanshanian peri-
ods. The formation of this igneous province was probably
related to the westward subduction of the Pacific oceanic
lithosphere beneath the Eurasian continent.

The Early (180-125 Ma) Yanshanian igneous rocks in-
clude 180—170 Ma bimodal volcanic rocks in southern Hunan,
southern Jiangxi, and southwestern Fujian Provinces, alumi-
nous A-type granites in southern Jiangxi Province, and gran-
odiorites in southeastern Hunan and northeastern Jiangxi
Provinces (Li et al. 2007b). A group of dominantly 165—
150-Ma granitic rocks is widespread in the central Nanling
Range and neighboring regions. These are biotite and two-
mica granites associated with minor amounts of granodiorite,
A-type granite, and potassic syenite (Li et al. 2007b; Wang et
al. 2011) which formed in an extensional environment related
either to intraplate rifting (Gilder etal. 1991; Li 2000; Wang et
al. 2011) or flat-slab subduction and slab-foundering (Li and
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Li 2007). A third group of 145-125 Ma granitic rocks is
widespread in the region around the middle and lower reaches
of the Yangtze River. These consist of diorite, quartz diorite,
monzodiorite, and granodiorite similar to I-type granitoids
(Zhou et al. 2008).

The Late Yanshanian (110-85 Ma) granitic rocks consist
mainly of biotite granites in the western Nanling Range
(Cheng and Mao 2010) and felsic volcanic rocks in the
coastal region of the Cathaysia Block (Zhou et al. 2000).

Distribution of Mesozoic mineral deposits in South
China

South China is well known for its large-scale mineralization
during the Mesozoic, making the region one of the most
important polymetallic metallogenic provinces in the world.
Of particular importance are world-class deposits of W, Sn,
and Sb (Hua et al. 2005; Peng et al. 2003, 2006; Mao et al.
2011) and some of the largest Ta, Cu, Hg, As, and TI deposits
in China (Xiong 1991; Pan et al. 1999; Lu et al. 2005; Hu et al.
2007). The known resources of Pb, Zn, Au, and Ag are also
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among the most important in the entire country. These depos-
its can be classified into polymetallic hydrothermal systems
closely related to felsic intrusive rocks (tin—tungsten—molyb-
denum granites, copper porphyries, polymetallic and iron
skarns, and polymetallic vein deposits) and low-temperature
hydrothermal systems with no direct connection to igneous
activities (MVT deposits, epithermal gold and antimony
deposits). This deposit spectrum formed in the Triassic
(Indosinian), Jurassic—Cretaceous (Early Yanshanian), and
Cretaceous (Late Yanshanian). Indosinian deposits include
major MVT (Pb—Zn—Ag) deposits and granite-related W—Sn
deposits. The Early Yanshanian deposits are low-temperature
Sb—Au and high-temperature W—Sn and Cu porphyry types.
Many Late Yanshanian low-temperature Au—As—Sb—Hg and
U deposits, and high-temperature W—Sn polymetallic deposits
are also present. The formation of these deposits is linked with
a specific tectonothermal evolution with three stages of igne-
ous activities (Figs. 2, 3, 4, and 5).

Major granite-related deposits in South China occur in all
three stages, including porphyry, skarn, and vein type
deposits of W, Sn, Mo, Ta, Li, Be, Cu, Fe, Pb, Zn, Au,
and Ag, which are distributed in the Nanling Range and
neighboring areas, middle-lower Yangtze River region, and
southeastern coastal region (Figs. 2, 3, 4, and 5). In general,
these deposits are coeval with the emplacement of the host
granites, and the ore-forming fluids have a major magmatic
component, although meteoric water is invariably involved.
Tungsten, Sn, Ta, Li, and Be deposits are generally associ-
ated with S-type or A-type granites, whereas Cu and Fe
deposits are related to I-type granites (Ye et al. 1998; Hua
et al. 2005; Wang et al. 2011). The polymetallic deposits of
Pb-Zn—Au—Ag occur in both settings.

In contrast, numerous low-temperature, hydrothermal Hg,
Sb, As, Tl, and Cd deposits, Carlin-type gold deposits, and
MVT-type Pb—Zn deposits occur predominantly continent-
inward in the southwestern part of the South China Craton over
an area of about 0.5 million km? (Zhou et al. 2001; Hu et al.
2002; Peng et al. 2003; Su et al. 2009; Zhang et al. 2009). In
this region, Proterozoic low-grade, metamorphic clastic rocks
and thick Paleozoic and Mesozoic carbonate sequences
allowed basin-wide fluid circulation where meteoric and basin-
al fluids leached the basement and overlying strata with mag-
matic input either lacking or doubtful (Zhou et al. 2001; Hu et
al. 2002; Peng et al. 2003; Zhang et al. 2009; Gu et al. 2012).

The three stages of mineralization were closely related to the
Indosinian and Yanshanian orogenic events. However, the tec-
tonic regime responsible for the felsic magmatism is still a
matter of debate, although it is generally accepted that in South
China underwent both compressional and extensional deforma-
tion in the Mesozoic—Cenozoic as illustrated in Fig. 2. Different
models, including various forms of subduction of the paleo-
Pacific plate beneath the Eurasian plate, have been proposed in
the last few decades (Li and Li 2007; Li et al. 2007b).

Indosinian mineral deposits
Chuan—Dian—Qian Pb—Zn deposits

More than 400 Pb—Zn—(Ag) ore deposits are known in the
western Yangtze Block, including the world-class Huize de-
posit of Yunnan Province, and four large deposits, namely the
Tianbaoshan and Daliangzi deposits of Sichuan Province and
the Maoping and Maozu deposits of Yunnan Province (Fig. 3).
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These deposits form the important Chuan (Sichuan)-Dian
(Yunnan)-Qian (Guizhou) (CDQ) Pb—Zn metallogenic
province with total Pb+Zn metal resources of 20 Mt and have
been the major source of base metals in China over the past
several decades (Zhang et al. 2009).

The Pb—Zn deposits are hosted in Neoproterozoic to Perm-
ian carbonate strata and likely formed at 245225 Ma (Li et al.
2004a, b), coincident with the collision between the Indochina
and South China Cratons. Their ore-forming processes were
similar to those of MVT-type deposits elsewhere, involving
extraction of ore-forming elements from country rocks by
broad-scale convective circulation of basin-related fluids and
subsequent precipitation of these elements in favorable struc-
tural and lithological units (Zhou et al. 2001; Zhang et al.
2009).

Indosinian Sn and W-Mo deposits

These deposits were related to late Indosinian granitic mag-
matism in the Nanling Range. Several large Sn and W—Mo
deposits were recently dated at 200-230 Ma using molybde-
nite Re-Os and muscovite *°Ar/*?Ar dating methods (Cai et
al. 2006; Wei et al. 2007; Yang et al. 2009; Feng et al. 2011).
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They are mainly of quartz vein-type, and include the Xinzai
tin deposit in eastern Yunnan Province, the Gaoling and
Yuntoujie W—Mo deposits in eastern Guanxi Province, the
Limu and Liguifu Sn polymetallic deposits in eastern Guanxi
Province, the Hehuaping Sn polymetallic deposit in southern
Hunan Province, the Xianetang Sn polymetallic deposit in
southern Jiangxi Province, and the Hongshan Sn polymetallic
deposits in western Fujian Province (Fig. 3). The mineraliza-
tion is associated with the 200-235 Ma intrusionsof S-type
granites under a compressional setting produced by northward
flat slab subduction underneath South China and collision of
the South China Block with the Indochina and North China
Blocks (Wang et al. 2005, 2007; Lepvrier et al. 2008; Chen et
al. 2011).

Early Yanshanian mineral deposits
W=Sn deposits

The broad-scale Yanshanian granitic magmatism in South
China resulted from amalgamation of the Indochina, South
China, and North China Blocks. Numerous W—Sn polymetal-
lic deposits formed in the period of 160—150 Ma in the central
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Nanling Range (Mao et al. 2004, 2011; Peng et al. 2006; Hu et
al. 2012b). These deposits are typically enriched in Mo, Bi,
Pb, Zn, Cu, and Ag. Several giant deposits in this region
include the Shizhuyuan W—-Sn—Mo-Bi-F, Furong Sn, Yao-
gangxian W, and Xianghualing Sn—W deposits (Fig. 4). The
Furong Sn polymetallic deposit was discovered in the late
1990s and is expected to become a world-class tin producer

112° 114°

(Li et al. 2007). Despite extensive mining since the 1930s, the
central Nanling region is still rich in W and Sn, with metal
resources of 1.7 Mt W and 1.2 Mt Sn.

There are three main types of W—Sn mineralization in this
region, i.e., greisen-, skarn-, and quartz vein-type (Peng et al.
2006; Hu et al. 2012a, b; Wei et al. 2012). All three types
commonly occur together in most deposits, but they can also
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occur separately. All these deposits are spatially, temporally,
and genetically related to widespread Mesozoic granitic intru-
sions with zircon U-Pb ages of 150-160 Ma, believed to have
been produced by crustal anatexis (Hu et al. 2012a, b; Wei et
al. 2012). Tungsten and tin deposits usually occur close to the
contact and apical zones of the intrusions and their Devonian
to Permian sedimentary wall rocks. The magmatic-hydrother-
mal fluids have variable meteoric components.

Porphyry copper deposits

Major porphyry copper deposits occur in the broad NE
trending Qing-Han belt over 2,000 km, which runs parallel
to the regional Chenzhou-Linwu fault. Mineralization is
associated with 180-170 Ma porphyry systems including
the giant Dexing Cu porphyry cluster in the northeast (Lu et
al. 2005; Li and Sasaki 2007) and the Dabaoshan deposit in
the south (Wang et al. 2011) (Fig. 4). There are several skarn
Cu-Pb-Zn deposits at Huangshaping, Baoshan, Tongshan-
ling, Shuikoushan, and Qibaoshan in the southern part of the
belt, and a subvolcanic intrusion-related Cu—Au deposit at
Yinshan in the northeastern part (Li et al. 2007a). The
copper porphyry systems are related to I-type
magnetite-series multiple felsic intrusions. There is an
offset of about 20 Myr between the 180-170 Ma Qing-
Han Cu porphyry belt and 160-150 Ma tin granites in
broadly the same region. This age gap needs further
refinement in order to understand the metallogenic evo-
lution of South China. It is remarkable that a similar
situation exists at the active South American continental
margin where the 25-10-Ma Central Andean tin belt in
southernmost Peru and Bolivia is about 10-20 Ma
younger than the major Cu porphyry systems in north-
ern Chile and southern Peru (Lehmann et al. 1990).

Sb—Au deposits

There are more than 170 Sb deposits within the Xuefeng
Range and Xiangzhong Basin (Fig. 4). In the Xuefeng
Range, Sb mineralization most commonly occurs in Prote-
rozoic, Sinian, and Cambrian clastic rocks, and has associ-
ations of Sb—(Au—W). Examples are the Woxi Sb—Au—W,
Zhazixi Sb—W, Fuzhuxi Sb—Au, and Banxi Sb deposits.

Antimony deposits in the Xiangzhong Basin are
hosted in Sinian—Permian and Cretaceous strata, with
those having the greatest economic significance occur-
ring primarily in Devonian and Carboniferous strata.
The giant Xikuangshan stibnite deposit lies in the cen-
tral part of the Xiangzhong Basin and formed at about
155 Ma (Hu et al. 1996; Peng et al. 2003), hosted by
carbonate rocks and minor clastic rocks.

@ Springer

Late Yanshanian mineral deposits
Au-As—Sb-Hg-TI-Cd deposits

Gold, Hg, Sb, As, Tl, and Cd deposits in the Youjiang Basin
and adjacent areas include Carlin-type Au and vein-type Hg,
Sb, As, Tl, and Cd deposits (Fig. 5). They are hosted in
Neoproterozoic to Triassic carbonate and clastic rocks, with
most of the Au deposits occurring in Triassic strata, the Hg
deposits in Cambrian strata and the Sb deposits in Devonian
strata. These deposits probably formed during the period of
135-80 Ma, based on limited dating results, although ages
of about 200 Ma are also possible (Hu et al. 2007; Su et al.
2009; Gu et al. 2012).

Carlin-type gold deposits in this region were discovered
in the 1980s. These low-temperature, hydrothermal deposits
were formed by large-scale migration of meteoric and/or
basin-related fluids, and the ore-forming elements were
derived from the basement and surrounding strata (Hu et
al. 2002; Su et al. 2009).

The formation of the Carlin-type Au and vein-type Hg, Sb,
As, T1, and Cd deposits at 135-80 Ma was contemporaneous
with the emplacement of mantle-derived, mafic dikes, which
were related to mantle upwelling and lithospheric extension,
and probably triggered hydrothermal fluid circulation and
leaching of ore-forming elements from the basement and
country rocks to form the deposits (Hu et al. 2007).

Sn polymetallic deposits

Several world-class Sn polymetallic deposits in the western
Nanling Range include the Gejiu Sn—Cu deposit in Yunnan
Province, the Dachang Sn—Sb deposit in Guanxi Province, and
the Dulong Sn—Zn deposit in Yunnan Province (Fig. 5). There
are three main types of Sn mineralization, i.e., skarn-,
stratiform-, and quartz vein-types which are commonly found
together in the same deposits. Although there are different
opinions regarding the genesis of the deposits, they were likely
formed from magmatic—hydrothermal events at 100-80 Ma.
For example, the Gejiu Sn deposit has a molybdenite Re—Os
isochron age of 83+2 Ma and model age of 83+1 to 84+1 Ma,
in good agreement with a zircon LA-ICP-MS U-Pb age of
85.0+0.9 Ma for the granite (Yang et al. 2008).

U deposits

Vein-type uranium deposits in South China have been the
major source of this metal for the country in the past several
decades. The major deposits formed at around 120-80 Ma
when South China experienced major extension and mantle
upwelling, and are hosted in granitic, volcanic, and
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carbonaceous and siliceous, pelitic sedimentary rocks (Hu et
al. 2008). The uranium deposits are spread over the whole
Cathaysian Block and also occur in the Jiangnan orogenic
belt. They are associated with Cretaceous—Tertiary exten-
sional basins and mantle-derived igneous rocks which in-
duced hydrothermal fluid circulation and leaching of U from
the uranium-rich crustal rocks including granites (Hu et al.
2008). The formation of vein-type uranium deposits else-
where in the world also has been linked to the emplacement
of mafic dikes or crustal extension such as those in Hercy-
nian granites of the La Crouzille district of the Massif
Central, France (Ruzicka 1993).

Cu—Au—Mo-Fe deposits in the Middle-Lower Yangtze
River region

The Middle-Lower Yangtze River region on the northern mar-
gin of the Yangtze Block is one of the most important metal-
logenic belts in South China. It extends from Wuhan (Hubei
Province) in the west to Zhenjiang (Jiangsu Province) in the
east. It comprises several ore clusters, dominated by Mesozoic
(100-150 Ma) granite-related Cu—Fe—Au—Mo mineralization,
but there are also magnetite—apatite deposits (Zhai et al. 1996;

Pan and Dong 1999; Mao et al. 2006, 2009). The former are
related to high-K calc-alkaline, I-type granitoids, including
diorite, quartz diorite, and granodiorite. The latter belong to
the shoshonite series consisting of pyroxene diorite porphyry,
diorite porphyry, syenitic granite porphyry, and their
corresponding eruptive rocks. The genesis of the porphyry—
skarn and stratabound Cu—Au—Mo—Fe deposits has been de-
bated for a long time. These ore systems are thought to be
skarns since most orebodies are hosted in both calc- and
magnesian-silicate rocks formed by metasomatism of carbonate
rocks and hornfels (Pan and Dong 1999; Zhao et al. 1999; Zhou
et al. 2008; Mao et al. 2009). The magnetite—apatite deposits in
the Cretaceous basins are considered to have formed in conti-
nental subvolcanic hydrothermal systems or to be porphyry-
type iron deposits (Zhang 1986), similar to the Kiruna type (Yu
and Mao 2002).

The mineralization in this region is genetically linked to
the Jurassic and Cretaceous subduction of the Pacific plate.
Mao et al. (2006) proposed a two-stage tectonic—metallo-
genic model in which ore deposits are related to the subduc-
tion of the paleo-Pacific plate and subsequent lithospheric
extension. Xu et al. (2002) and Wang et al. (2007) recog-
nized the adakite affinity of the granitic rocks related to the
porphyry—skarn Cu—Au—Mo—Fe ore spectrum and proposed
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that these intrusions are derived by partial melting of thick-
ened or delaminated lower crust. Hou et al. (2007) sug-
gested a thick delaminated lower crust model to explain
the magmatism (150-100 Ma) and associated mineraliza-
tion, whereas the 140—125 Ma Early Yanshanian magma-
tism and associated mineralization was attributed to ridge
subduction in the Cretaceous (Ling et al. 2009).

The thematic issue of Mesozoic mineral deposits in South
China

Recent studies of mineral deposits in South China have
advanced our understanding of their occurrence and mode
of formation. This special issue brings together some of the
latest information on this topic in eight papers dealing with
mineral deposits formed in three distinct stages.

Wei et al. use infrared microscopy to examine fluid inclu-
sions in wolframite from the Xihuashan W deposit and con-
clude that the wolframite did not co-precipitate with quartz
(Wei et al. 2012). They suggest that it was deposited prior to
quartz during boiling of the ore-forming fluid. Mixing between
a dominantly magmatic fluid and a minor meteoric fluid trig-
gerred wolframite precipitation in the Xihuashan deposit.
Quantitative modeling of isotopic compositions of wolframite
and quartz shows that mass fractions of the meteoric water in
the mixed fluid were between 0.1 and 0.4 during the silicate-
oxide stage. Differences in fluid inclusions from wolframite
and quartz demonstrate that conventional microthermometric
data from gangue minerals cannot be used for simple extrapo-
lation of the depositional conditions of associated ore minerals.

Qi et al. recognize two episodes of Late Jurassic W—Sn
polymetallic mineralization in Northern Guangdong (Qi et
al. 2012). An early episode of tungsten mineralization is
represented by the Yaoling, Hongling, and Meiziwo depos-
its, during the Late Jurassic (158—159 Ma), and a younger
episode represented by the Jubankeng tungsten deposit dur-
ing the Early Cretaceous (~138 Ma). W—Sn mineralization
in the Nanling region occurred in several intervals at 90—
100, 134-140, 144-162, and 210-235 Ma. The most im-
portant large-scale W—Sn mineralization event occurred dur-
ing the Late Jurassic (150-160 Ma).

Hu et al. present He and Ar isotopic analyses of fluid
inclusions in pyrite and arsenopyrite from Yaogangxian,
the largest W deposit in South China (Hu et al. 2012a).
The deposit and hosting intrusion likely formed at
~155 Ma. Their results suggest that the ore-forming
fluids were mixtures of crustal and mantle fluids. The
existence of mantle noble gases in the fluids, exsolved
from the W-bearing granitic magma, provides new
insights into the origin of the W deposits and associated
granites. The hosting granites were previously
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considered as S-type, but actually formed by crustal
melting induced by heat and volatiles released from
the mantle.

Xie et al. report zircon U-Pb and phlogopite **Ar—’Ar
dating results from the Chengchao and Jinshandian skarn Fe
deposits in the western part of the middle—lower Yangtze
River metallogenic province (Xie et al. 2011). These results
confirm that the intrusions and associated Fe mineralization
formed contemporaneously at ca. 135 Ma. Xie et al. relate
141-137-Ma skarn Cu—Fe deposits to 140—136-Ma diorites
and quartz diorites and 133—-132-Ma skarn Fe deposits with
133—-127-Ma quartz diorites and granites. The two episodes
of magmatic activities and associated skarn mineralization
were probably associated with thinning of the lithosphere
induced by asthenospheric upwelling.

Su et al. study the Carlin-type Shuiyindong gold deposit in
Guizhou, formed in the Late Yanshanian (Su et al. 2011).
They report four different types of gold-bearing arsenian
pyrite in the paragenetic sequence of hydrothermal minerali-
zation. They propose that the zoned arsenian pyrite likely
formed in two distinct stages. The early stage involved a fluid
with relatively high activity of As relative to Au, followed by a
late stage of Au- and As-poor fluids that formed As-poor
pyrite overgrowths on gold-bearing pyrite cores.

Gu et al. study gold deposits that are closely associated
with paleo-oil reservoirs in sedimentary rocks of the You-
jiang Basin (Gu et al. 2012). They show the co-existence
of mobilized organic matter (bitumen) with ore-stage
minerals and identify abundant hydrocarbons in the ore
fluids. They propose that gold originated, migrated, and
precipitated along with the hydrocarbons in an immisci-
ble, gold- and hydrocarbon-bearing basinal fluid. Exhu-
mation of the basin during the Yanshanian resulted in
destruction of the hydrocarbon reservoirs leaving only
bitumen residues.

Ye et al. investigate the Niujiaotang Cd deposit that they
consider to be of MVT type (Ye et al. 2011). Sphalerite in
the deposit contains more than 5,000 tons Cd metal with Ga
and Ge as by-products. Cadmium mostly occurs as an
isomorphous impurity in sphalerite. Independent Cd miner-
als, greenockite and otavite, are considered to be secondary.
Both Cd and Zn are thought to be derived from the associ-
ated early Cambrian strata. In the Niujiaotang ore district,
Zn and Cd in the Cambrian strata were mobilized by the
brines that rose along the Zaolou fault system, producing
stratiform Cd-rich Zn orebodies within the host rocks.

Cheng et al. report an Ar—Ar age of 82.7+0.7 for
vein-type Sn mineralization in the Gejiu ore district
(Cheng et al. 2012). They use this age to indicate a
co-genetic relationship of the ores and the Late Creta-
ceous granitic pluton. Initially, magmatic—hydrothermal
fluids were mixed with meteoric water en route to
interpret hydrogen and oxygen isotope data. Sulfur
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isotopes support ore fluid exsolution from the tin gran-
ite. Circulation of hydrothermal fluids and ore precipitation
were structurally controlled and localized along interbedded
limestone and dolomite in the thick Triassic carbonate strata.
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